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Recent research has shown that Avocado-Soybean Unsaponifiables (ASU) greatly 
reduce the symptoms of osteoarthritis (OA). It’s yet unknown exactly how ASU 
works, however, it has been demonstrated to have analgesic and anti-inflammatory 
effects. These qualities can potentially lessen the need for non-steroidal anti-
inflammatory medicines (NSAIDs) and their secondary effects. This review aims to 
examine the current literature on ASU, focusing on their efficacy, mechanism of 
action, and potential utility in treating OA for managing chronic pain associated 
with this condition. The literature review was conducted manually through Pubmed, 
Scopus and Web of Science (WOS) databases, covering studies from 2000 to 2022 
with terms like “osteoarthritis,” “OA,” “animal models,” “ASU,” and “soy/avocado.” 
Two reviewers independently screened each article using inclusion and exclusion 
criteria and categorized the studies into in vitro, preclinical, and clinical groups. 
According to in vitro research, ASU affect the regulation of molecules related to 
OA, increasing structural elements like collagen and aggrecan and decreasing 
pro-inflammatory mediators. Although results vary, pre-clinical research in 
different animal models has demonstrated positive effects, such as ameliorating 
histopathological changes and reduced inflammation. Despite some discrepancies 
regarding structural changes in the joints, clinical trials typically demonstrate 
symptom relief and slow down the disease progression. While ASU demonstrates 
significant promise in alleviating OA symptoms and reducing reliance on NSAIDs, 
further research is essential to fully understand its mechanisms of action. More 
studies are needed to determine the precise pathways through which ASU exerts 
its effects and to establish the most effective dosages for its administration, either 
alone or in combination with other treatments.

KEYWORDS

osteoarthritis, OA, cartilage, soybean, unsaponifiables, ASU

1 Introduction

Osteoarthritis (OA) is an inflammatory disorder characterized by chronic progression. In 
humans, it has been reported that approximately 15% of the total population and more than 
50% of the population over 60 years of age may suffer from OA at some point in their lives. In 
companion animals, it is one of the most common diseases, however, prevalence data are 
unclear, and the results of some authors contradict each other (1), estimating annual period 
prevalence of appendicular osteoarthritis in 2.5% (2). It is usually found in weight-bearing 
joints such as the hips and knees, adding to the belief that mechanical stress plays a major role 
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in OA (3). It can be  caused by trauma, metabolic, infectious or 
nutritional disorders, or congenital diseases affecting young 
individuals. Joint dysplasia, osteochondrosis dissecans, ununited ankle 
process, and patellar dislocation are examples of disorders that can 
lead to secondary OA (1).

The Osteo Arthritis Research Society International (OARSI) 
defines it as a disorder affecting mobile joints, characterized by cellular 
stress and extracellular matrix (ECM) degradation. This disorder 
involves different mechanisms such as articular cartilage damage, 
bone remodeling, new bone formation, synovial inflammation, and 
fibrosis of ligaments, tendons, menisci, and capsules (4); following an 
order which molecular level mechanisms are affected first, followed 
by anatomical and physiological disorders. These micro- and macro-
injuries will result in maladaptive repair responses, causing the body’s 
attempts to compensate for the damage to result in a worsening of 
the process.

These maladaptive responses can be described as three bubbles or 
vicious circles involved in the pathophysiology of OA (5) and in the 
evolution of the process (Figure 1). Each of these three loops affects a 
specific structure of the joint architecture: cartilage, subchondral 
bone, and synovial membrane, respectively.

The first step is the presence of abnormal mechanical joint stress 
which will cause cartilage lesions and in turn, the activation of 
chondrocytes. Consequently, levels of proinflammatory cytokines 
such as interleukins (IL-1, IL-6, IL-8) and tumor necrosis factor (TNF-
α) increase, releasing catabolic factors such as nitric oxide (NO), 
matrix metalloproteinases (MMPs), collagenases, aggrecanases, 
prostaglandin E2 (PGE2) and cyclooxygenase 2 (COX-2). In addition, 
IL-1 will play a major role in stimulating chondrocytes to produce 
more MMPs, promoting the continuation of matrix degradation. This 

corresponds to the first loop: cartilage-cartilage. At the same time, the 
mechanical stress will stimulate the osteoblasts present in the 
subchondral bone, which will release IL-6, also helping to stimulate 
the chondrocytes to produce more MMPs. This constitutes the second 
loop: cartilage-subchondral bone, leading to the appearance of 
fibrillation and erosion of the articular surface. Finally, as a product of 
matrix degradation, pro-inflammatory mediators (PGE-2, NO, or 
cytokines) also appear, which promote inflammation of the synovial 
membrane, stimulating the activation of chondrocytes and forming 
the third loop: cartilage-synovial membrane.

Specifically, PGE2 stimulates the production of degradative 
enzymes and inhibits the synthesis of cartilage components, 
particularly proteoglycans, and perpetuates the inflammatory 
response and cartilage damage by inducing the production of other 
pro-inflammatory mediators.

As the process evolves and in the later stages of OA, macroscopic 
lesions will become increasingly evident: erosions will occur 
throughout the cartilage reaching the subchondral bone, chondrocyte 
hypertrophy and clustering will lead to calcium deposition and 
osteophyte formation, catabolic factors will eventually lead to 
chondrocyte apoptosis, and all of this will eventually lead to sclerosis 
of the subchondral bone (6). In either case, it is a cause of reduced 
quality of life and its management can be complicated (7). It is known 
that in humans’ osteoarthritis can be extremely painful and in animals, 
it is no different. Several studies have shown that the positive response 
to analgesic therapy (versus other factors) may indicate that, for 
example, dogs experience a similar level of pain as humans (2).

Current strategies to combat OA are aimed at relieving pain, 
improving function and quality of life, and slowing down the process 
(8). Unfortunately, currently available medications cause numerous 

FIGURE 1

The maladaptive responses of the pathophysiology of OA. In blue the cartilage-cartilage loop. In orange the cartilage-subchondral bone loop. In green 
the cartilage-synovial membrane loop.
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side effects and, in addition, a high number of patients do not achieve 
sufficient pain relief even with the combination of several 
analgesics (9).

The American College of Rheumatology (ACR) Arthritis 
Foundation and the Osteoarthritis Society International (OARSI) in 
their guidelines both agree in strongly recommending exercise, weight 
loss and, cognitive behavioral therapy from a physical approach. On 
the other hand, topical and oral NSAIDs are also strongly 
recommended in patients with knee OA (10).

However, for the use of oral NSAIDs, they are recommended but 
only in the absence of comorbid conditions and, if possible, with the 
addition of a proton pump inhibitor or selective COX-2 inhibitors 
(11). Therefore, research into new formulations is needed to clarify the 
mechanisms of pain and open new opportunities for targeted and 
more effective treatments.

Herbal medicines have a longstanding tradition in treating 
osteoarthritis, and recent research highlights their potential to 
alleviate pain and inflammation, through the interaction with 
inflammatory mediators and cartilage destruction, however, the 
mechanism of action of these is not yet fully understood (12). 
Despite this, evidence of their effectiveness in several studies 
provides a strong rationale for using them to treat OA symptoms 
(13). Related to this, it is important to note how other natural 
products, such as cannabidiol (CBD), are gaining popularity (14). 
The therapeutic use of CBD as an anti-inflammatory and 
immunomodulatory agent to treat chronic pain in both horses (15), 
and dogs is showing promising results, and there are already several 
studies describing pain relief related to OA (16). Therefore, herbal 
anti-inflammatory drugs provide a broad-spectrum mechanism of 
action. They interact to varying degrees in the inflammatory cascade, 
but experimental data also indicate interaction with the production 
of mediators of cartilage destruction. Other mechanisms of action 
include inhibition of elastase or hyaluronidase or antioxidant 
efficacy (17).

More specifically, avocado-soybean unsaponifiables (ASU) are 
made from avocado and soybean oil extracts in a 1:2 ratio and are 
among the slow-acting anti-inflammatory drugs (18). Its main 
components are the phytosterols beta-sitosterol, campesterol, and 
stigmasterol (19).

Many studies agree that ASU has an important role in inhibiting 
MMP activity and release (20), in its function as a chondroprotector 
by stimulating the synthesis of matrix components and promoting 
cartilage repair (1), decreasing the production of inflammatory 
cytokines (21) and increasing the production of collagen and 
aggrecan. Other authors suggest that ASU may act on osteoblasts 
present in the subchondral bone favoring the cartilage repair (22). 
However, most studies focus on various nutraceuticals and dietary 
supplements including ASU. They describe symptom improvement, 
but none focus on investigating structural changes in OA following 
treatment (23–26). Others, however, while agreeing that ASU 
treatment has a positive impact on symptomatology, do not observe 
significant changes in cartilage architecture (27).

In in vitro studies the model generally used to test ASU is based 
on reducing and controlling the activity of agents involved in the 
pathophysiology of OA by degrading cartilage and promoting tissue 
inflammation (28–32). In these studies, targeted IL-1 and IL-6 (21) 
inducing MMP activity, TNF-α, and the increased secretion of 
TGF-β1 and TGF-β2 (29, 30). Au et al. (33) found that ASU blocks the 

activation of COX-2 transcripts and lowers PGE2 secretion to 
basal levels.

Therefore, ASU has demonstrated chondroprotective, anabolic, 
and anticatabolic effects. It can promote the synthesis of extracellular 
matrix components (including collagen and aggrecan) in chondrocytes 
while suppressing the production of pro-inflammatory cytokines 
(IL-1β, IL-6, IL-8), PGE2, NO, and matrix metalloproteinases like 
MMP-13 (24, 33). These promote tissue maintenance and regeneration 
while reducing cartilage degeneration. Additionally, by blocking nitric 
oxide synthase (iNOS) and MMP-13 activity, ASU protects 
subchondral bone, halting bone resorption, and preserving bone 
density (18).

On a clinical level, oral administration of ASU has been shown to 
alleviate OA symptoms by preventing cartilage destruction and 
reducing pain and stiffness by improving the function of the affected 
joint (34). Therefore, it makes it possible to reduce the dependence 
and use of common analgesics (35).

Ultimately, although both anti-inflammatory and 
chondroprotective properties are described in a wide variety of 
studies, further studies are needed to support the efficacy of 
ASU. Furthermore, data on the concentrations of ASU components 
achieved in the blood (36) and on the most effective and efficient 
doses of ASU are unfortunately lacking.

The aim of this article is therefore to review the literature 
published so far on ASUs, their efficacy, their routes of action, and 
their potential effect in treating OA.

2 Materials and methods

The literature included in this review was conducted manually 
between September and December 2022.

2.1 Search strategy

The search for this review was performed through the 
following online scientific databases: Pubmed, Scopus and Web of 
Science (WOS). This search included studies published from 2000 
to 2022.

The different publications were searched and identified, based on 
different search strategies, by permutations of the following terms: 
“osteoarthritis,” “OA,” “animal models,” “ASU” and/or “soy/avocado” 
as keywords.

We also included all articles found in the cross-references and 
bibliographies seen to be helpful or relevant.

2.2 Inclusion and exclusion criteria

2.2.1 Inclusion criteria

 • Articles in English.
 • The presence of OA or simulation of its conditions*.
 • Use of ASU as a substance to test its effect alone or in combination 

with other substances.
 • In vitro studies.
 • Preclinical studies in different animal species.
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 • Clinical studies in human and veterinary medicine.
 • Chemical or surgical OA induction**.

*The study developed by de Paula et al. (37), which deals with 
Rheumatoid Arthritis (RA) rather than OA, was also included. The 
reasons for this are based on the common objective in both pathologies 
to investigate whether the effects of ASU include pain relief and 
slowing the progression of the pathology.

**As an exception, the article by Goudarzi et al. (30), in which a 
chemical induction of oedema was performed instead of OA, was also 
included. However, the study is directed toward OA and related to the 
presence of oedema in this pathology.

2.2.2 Exclusion criteria

 • Reviews.
 • Abstracts and book chapters.
 • Articles in a language other than English.
 • Studies using substances other than ASU.
 • Studies where the dose used of ASU is not specified.

2.3 Screening method and data extraction

The screening was carried out manually in two stages. First the 
titles and abstracts of each article were selected from the search results 
of the different databases. Then, duplicates were removed and two 
reviewers (A.S. and F.M.) independently screened them using the 
inclusion and exclusion criteria.

The same two reviewers (A.S. and F.M.) reviewed the full text of 
the articles for eligibility. For each study, relevant data were examined 
and extracted by dividing them into three distinct groups: in vitro 
studies, preclinical studies and clinical studies. Within the latter, they 
were subdivided into clinical studies conducted in humans 
and animals.

The materials and methods were later analyzed in depth, focusing 
on the species used, the type of induction, treatment used, and the 
results obtained for each article (Figure 2).

To conclude, the final selection of the studies included in this 
review was based on the inclusion and exclusion criteria 
explained above.

3 Results

The initial search yielded 126 articles from the different databases. 
Once the duplicates were removed, the remaining 65 were screened. 
The title and abstract were reviewed, and the exclusion/inclusion 
criteria mentioned above were applied. A total of 22 articles were 
excluded at this stage. Finally, the full-text analysis of 39 studies was 
carried out of which, 22 articles were selected for this review 
(Figure 3).

3.1 In vitro studies

A summary of the tests included in this section can be found in 
Table 1. They are explained in more detail below.

Of the nine articles included in this section, Henrotin et al. (32), 
Au et al. (33), and Gabay et al. (28) share very similar lines of research. 
These three studies use human chondrocytes stimulated or not with 
IL-1β. In the case of Au et al. (33) they also tested multiple cell types 
involved in joint inflammation, i.e., monocytes/macrophages and 
fibroblasts. As biomarkers, they used a wide range, of IL-1β, TNF-α, 
COX-2, and iNOS, PGE2, and NO. Henrotin et al. (32) and Gabay 
et al. (28) tested the efficacy of ASU on MMP-3 and -13 and PGE2 
expressions. As for the results, they showed that ASU suppresses gene 
expression of potent proinflammatory cytokines, including TNF-a, 
IL-1b, COX-2, and iNOS, as well as MMP-3 and -13 and PGE2 release. 
Notably, Au et  al. (33) showed for the first time that the anti-
inflammatory effects of ASU are not limited to chondrocytes and 
fibroblasts but extend to surrogate cells, and monocytes/macrophages.

A similar study to the previous ones was designed by Lippiello 
et al. (19), to clarify whether the sterol content in ASU could play a 
role in the biological activity of articular chondrocytes. Different 
analytical tools were used, for samples with ASU and before culture 

FIGURE 2

Classification of the studies included in this review into their three corresponding.
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with bovine chondrocytes, to observe the variation in sterol content. 
Anabolic and anti-inflammatory activity was then analyzed, 
suggesting a dose- and time-dependent relationship between ASU 
content and chondrocyte biological activity.

On the other hand, the articles by Grzanna et al. (38), Ownby et al. 
(39), Frondoza et al. (40), Grzanna et al. (41), and Teimourinejad et al. 
(42) use different supplements in combination with ASUs to test 
whether their effect is greater together or alone. These supplements 
include chondroitin sulfate (CS) (38), epigallocatechin gallate (EGCG) 
(26), α-lipoic acid (LA) (40), or pomegranate extract (PFE) (42). In 
addition, the article by Grzanna et al. (41) used a combination of ASU, 
glucosamine (GLU), and chondroitin sulfate (CS) with Carprofen. 
These studies showed that ASU decreases various types of cytokines 
expression, and PGE2 synthesis in chondrocytes, and inhibits H2O2.

To sum up, all articles reported that the combination of ASU with 
other supplements has more effect than alone. Therefore, the main 
objective should be to reduce or inhibit the expression of all these 
molecules without blocking the expression of cytokines, enhancing 
the potential to attenuate inflammation without reducing cytokines 
below the levels necessary for normal physiological function. In other 
words, these combinations could be  used as an alternative or 
complement to conventional pharmacological treatments for the 
treatment of OA and could reduce the dose of NSAIDs and their 
side effects.

3.2 Preclinical studies

A summary of the studies included in this section can be found in 
Table 2. However, they are explained in more detail below.

To investigate the effect of oral ASU, Cake et al. (43) and Kawcak 
et al. (44) conducted their studies in sheep and horses respectively, 
inducing OA chirurgically. Both studies divided the animals into two 
groups: one treated with placebo and the other with ASU. In the case 
of Cake et al. (43) they used a dose of 900 mg/day of ASU significantly 
higher than that used in the study by Kawcak et al. (44) 300 mg/day 
of ASU. In terms of clinical signs, Kawcak et al. (44) observed that 
these did not disappear with ASU treatment, but by macroscopic 
examination, they were able to conclude that it did reduce the severity 
of articular cartilage erosion and synovial hemorrhage. Cake et al. (43) 
performed histomorphometry tests on histological sections measuring 
the areas of total cartilage, non-calcified cartilage, and subchondral 
bone thickness, as well as the intensity of toluidine blue. However, they 
failed to demonstrate any significant effect of ASU treatment. 
However, imaging analysis demonstrated that cartilage integrity was 
partially preserved in ASU-treated individuals (although other causes 
could not be excluded).

On the other hand, Boileau et al. (45) and Al-Afify et al. (18), used 
immunohistochemical techniques to evaluate the expression of 
MMP-13 and iNOS (nitric oxide synthase). Both articles revealed a 

FIGURE 3

Flow chart of the final selected studies.
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significant reduction in the level of iNOS and MMP-13  in the 
ASU-treated groups. This finding is consistent with other studies 
describing NO as one of the important mediators of articular cartilage 
and subchondral bone damage. It was also found to modulate the 
activity of MMP-13. MMPs and other catabolic enzymes, particularly 
MMP-1 and 13, mediate cartilage collagen degradation during OA. In 
terms of histological evaluation, both studies showed a reduction in 
lesion severity and a decrease in subchondral bone volume loss (45), 
and articular cartilage showed increased cellularity and a higher 
degree of matrix staining (18).

It is important to highlight that Altinel et al. (46) conducted a 
different study by dividing the 24 dogs in the study into three groups: 
a control group (with a normal diet), a group treated with high doses 
of ASU (300 mg/day) and another group treated with low doses 
(300 mg/3 days). They analyzed TGF-β levels in joint fluid samples. 
They concluded that ASU treatment does, indeed, increase TGF-β1 
and TGF-β2 levels in joint fluid for 3 months, but further studies are 
needed to define the mechanism of the symptomatic effects of ASU 
treatment on osteoarthritic joints.

In 2018, the study by de Paula et al. (37) evaluated osseointegration 
in vivo (120 rats) in an experimental model of rheumatoid arthritis. 
Previous studies have shown that the usefulness of ASU in pathologies 
in which the formation of new bone tissue is beneficial is subtle. 
However, this study proposes that their use could have a greater 

impact on individuals with altered bone tissue metabolism. The results 
showed a higher osseointegration potential in the ASU-treated groups 
(180–198 mg/day ASU for 15, 30 or 60 days). The study comments 
that this finding may be because, with the anti-inflammatory potential 
of ASU, bone resorption around the implant is reduced by stimulating 
connective tissue proliferation. Increased expression of TGF-β1 was 
also observed, indicating increased connective tissue proliferation and 
coinciding with the findings of Goudarzi et al. (30) and Głuszko and 
Stasiek (29). It can be concluded from this study that treatment with 
the ASU improved osseointegration, particularly in animals with 
induced arthritis.

Finally, Goudarzi et al. (30) carried out a topical study conducted 
in mice to formulate nanoliposomes that facilitate the cutaneous 
administration (NANOCEN) of ASU (0.4 mg/day for 30 days) and 
then evaluate its anti-inflammatory and analgesic effects in 
comparison with 5% ibuprofen gel. The results revealed effective 
inhibition of inflammation and even better pain relief than 
ibuprofen 5%.

3.3 Clinical studies

The summary of the tests included in this section can be found in 
Table 3.

TABLE 1 Summary of the characteristics of the in vitro studies included.

In vitro studies

References Material and methods Treatment 
(concentrations + time 
of incubation)

Results

Henrotin et al. (32) Model of isolated OA chondrocytes + IL-1β 10 μg/mL ASU

+ 15 days

ASU promoted the recovery of aggrecan synthesis 

after 3 days of IL-1β treatment. It inhibited the basal 

production of MMP-3, IL-6, IL-8, NO and PGE2.

Au et al. (33) Monocyte/macrophage-like cell model

Biomarkers: IL-1β, TNF-α, COX-2 and iNOS

25 μg/mL ASU

+ 3 days

ASU suppresses gene expression of potent pro-

inflammatory cytokines

Gabay et al. (28) Mouse/human chondrocytes + IL-

1β + mechanical stress with/without ASU

10 μg/mL ASU

+ 2 days

ASU decreases MMP-3 and MMP-13 expression 

and PGE2 release

Lippiello et al. (19) Model of cow metacarpal joint chondrocytes 30 μg/mL ASU + 1 day

75 μg/mL ASU + 3 days

The results suggest a relationship between ASU 

content and biological activity

Grzanna et al. (38) Monocyte/macrophage-like cell model

Combination of ASU + CS

8,3 μg/mL ASU

+ 1 day

ASU and CS reduces TNF-α expression but does 

not block cytokine expression

Ownby et al. (39) Model of equine chondrocytes pre-incubated with 

ASU + EGCG

+ IL-1β and TNF-α

8,3 μg/mL ASU

0,04 μg/mL EGCG

+ 1 day

ASU + EGCG activity affects a wide range of 

inflammatory molecules in addition to decreasing 

PGE2 synthesis in activated chondrocytes

Frondoza et al. (40) Model of equine chondrocytes

Combination of ASU + LA

8,3 μg/mL ASU

2,5 μg/mL LA

+ 1 day

LA: inhibits IL-1β and H2O2

ASU: inhibits IL-1β activity, but not H2O2

ASU + LA: inhibits PGE2 production

Grzanna et al. (41) Model of chondrocyte microcarriers + IL-1β

Biomarkers: PGE2, IL-6, IL-8 and MCP-1

Combination of carprofen (ASU + GLU + CS)

8,3 μg/mL ASU

11 μg/mL GLU

20 μg/mL CS

+ 1 day

Carprofen + (ASU + GLU + CS): inhibits PGE2 

production more than the agents alone

Teimourinejad et al. (42) hADSC model in fibrin

Combination of PFE + ASU

10 μg/mL ASU

10 μg/mL PFE

5 μg/mL ASU + 5 μg/mL PFE

+ 14 days

PFE + ASU produced a smaller effect than PFE 

alone, but larger than ASU
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3.3.1 Human clinical trials
The seven articles included in this section evaluated the function 

of ASUs in the knee or hip but in different ways.
Appelboom and Schuerman (47), Pavelka et al. (48), and Głuszko 

and Stasiek (29) evaluated symptomatic effects in different groups of 
patients. In the case of Appelboom and Schuerman (47), they 
separated patients into three groups: a control group, one treated with 
300 mg/day ASU, and another with 600 mg/day ASU for 3 months. 
Pavelka et al. (48), on the other hand, compared the effects of ASU 
(300 mg/day) with those of CS (400 mg/day). Despite their differences, 
the results of these three articles are similar: they proved the efficacy 
of ASU in relieving symptoms. However, Appelboom and Schuerman 
(47) and Pavelka et al. (48) find no differences between the different 
doses of ASU used or between ASU and CS, respectively. Of note, 
Appelboom and Schuerman (47) also found that 71% of patients had 
reduced their NSAIDs intake by more than 50%, proving that ASU 
can help to reduce the side effects of painkillers by reducing 
their consumption.

Structural joint effects were analyzed by Lequesne et al. (49) and 
Maheu et al. (25) in the hip joint in both cases. The dose used in these 

studies is 300 mg/day for 2 years or 6 months. Lequesne et al. (49) 
used the joint space width as the main criteria, and could not 
demonstrate any structural effect, however, the results suggested that 
ASU breaks joint space loss. Maheu et al. (25) also used radiographs 
and clinical observations, they also showed that ASU reduced the 
progression of joint space loss and concluded that ASU may have a 
role as a modifier of joint structure in OA.

Unlike the other studies, Jangravi et  al. (34) evaluated the 
effects of ASU on oxidative stress and serum antioxidant levels in 
two groups of patients, those who were treated with placebo and 
then with ASU and those who were treated first with ASU and then 
with placebo. Both groups were given 300 mg/day of ASU for 
3 months. The results showed a decrease in the serum level of a 
marker of oxidative stress, significantly reduced levels of 
antioxidants after 3 months of treatment and demonstrated the 
independence of the order of treatment administration concerning 
the effect of the ASU.

3.3.2 Veterinary clinical trials
In 2016, Kwananocha et al. (50) conducted a study on 40 dogs 

with a history of lameness that aimed to evaluate and compare the 

TABLE 2 Summary of the characteristics of the preclinical studies included.

Preclinical studies

References Study groups Study size 
(adults)

Diagnosis/
induction

Treatment (orally 
administrated)

Results

Cake et al. (43) MenX+ASU: 8

MenX+Placebo:8

NOC:8

48 sheeps Surgical induction: 

bilateral lateral 

meniscectomy

900 mg/working day ASU

For 3 or 6 months

Partial preservation of cartilage 

integrity in ASU-treated individuals 

versus the placebo and NOC groups

Altinel et al. (46) Control:8

ASU high dose: 8

ASU low dose: 8

24 dogs Knee joint fluid sampling 

post-treatment

300 mg/day ASU or 300 mg/3 

times a day ASU

For 3 months

ASU-treated groups show increases 

levels of TGF-β1 and TGF-β2 in joint 

fluid. However, TGF levels were not 

significantly altered by the different 

dosages

Kawcak et al. (44) Placebo group: 8

ASU group:8

16 horses Surgical induction: 

osteochondral 

fragmentation

300 mg/day ASU or placebo

For 70 days

ASU group did not show a reduction 

in clinical signs compared with the 

placebo group

Boileau et al. (45) Placebo group: 8

ASU group:8

16 dogs Surgical induction: 

anterior cruciate 

ligament section

200–250 mg/day ASU* or 

placebo

For 8 weeks

The severity of the lesions was 

significantly decreased in the ASU-

treated group compared with the 

placebo group

Al-Alfify et al. (18) Control: 10

MIA:10

MIA + ASU:10

30 rats Chemical induction of 

OA: intraarticular 

injection of MIA

5,5–6,9 mg/day ASU*

For 3 weeks

ASU maintained matrix staining, 

decreased cellular abnormalities, and 

stopped cartilage structural 

degradation induced by MIA

de Paula et al. (37) Control: 30

ASU:30

Arthritis: 30

Arthritis+ASU: 30

120 rats Surgical induction: 

Systemic immunization 

+ implant placement

180–198 mg/day ASU*

For 15, 30 or 60 days

The ASU-treated group showed an 

improvement in osseointegration 

compared with the arthritic group

Goudarzi et al. (30) Control:6

ASU:6

Nanopliposome:6

NANOCEN:6

Ibuprofen: 6

30 mice Paw inflammation Topical administration**

0,4 mg/day ASU

For 30 days

NANOCEN showed robust anti-

inflammatory and analgesic effect 

superior to ibuprofen

*These dosages vary according to the weight of each animal.
**All the studies administrated ASU orally except for Goudarzi et al. (30).
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effectiveness of disease-modifying osteoarthritis agents (DMOAAs). 
For this purpose, 40 dogs were included in the study and assigned into 
4 treatment groups (n = 10). In one of the groups, a combination of 
glucosamine-chondroitin sulfate (GC) and avocado/soybean 
unsaponifiables (ASU) were used. The combination GC-ASU 
contained glucosamine 900 mg, chondroitin sulfate 350 mg and ASU 
90 mg. Finally, after 4 weeks of treatment, the results of the study were 
inconclusive. However, based on the literature and the results of other 
preclinical studies in which the efficacy of ASU was proven, they 
justify this result by a possible insufficient dose of the 
combination of GC.

4 Discussion

4.1 In vitro studies

All included articles used isolated chondrocytes or similar cells 
such as monocytes or macrophages, but not all enriched the culture 
medium with IL-1β. Three of them do not use IL-1β as activation in 

contrast to the rest of the literature. Henrotin et al. (32), however, 
unites the two approaches and tests in the same study, the culture 
using IL-1β on the one hand and without using it on the other.

Another difference observed is the combination or not of ASU 
with other substances. Some supplemented ASU with LA others with 
PFE and, finally, one study tried combining them with CS.

Most of the studies agree in selecting common biomarkers: 
MMP-13, PGE2, and different ILs with some exceptions. Three articles 
also measure TNF-α, others also measure NO and three more deviate 
and measure ECGC and H2O2, respectively. In addition, Au et al. (33) 
also add the measurement of COX-2 and iNOS.

On the other hand, they all use different methods to get the 
results, ranging from immunoassays, electrophoresis, immunotransfer 
or immunohistochemistry; to spectrometry and chromatography, 
rPCR, and Western blotting. However, the results are similar in all 
articles. In one way or another, they all agree on either a decrease in 
proinflammatory molecules or an increase in structural molecules, 
such as aggrecan or collagen, and reach the same conclusion by 
different routes and methods. The 7 in vitro studies included in this 
review claim that there is clear evidence that ASU affects the regulation 

TABLE 3 Summary of the characteristics of the clinical studies included.

Clinical studies

References Study 
groups

Study size Diagnosis Treatment (Orally 
administrated)

Results

Human clinical trials

Appelboom and 

Schuerman (47)

ASU300: 86

ASU600: 86

Placebo: 86

260 patients 

(45–80 years)

Femoro-tibial OA 300 mg/day ASU

600 mg/day ASU

Or placebo

For 3 months

Significant differences between the ASU 

300 and 600 groups versus the placebo 

group.

No significant differences between the 

300 and 600 ASU groups

Lequesne et al. (49) ASU: 54

Placebo: 54

108 patients Hip OA 300 mg/day ASU

Or placebo

For 2 years

No structural effect

Pavelka et al. (48) ASU 300:142

CS 400: 121

263 patients (45 

or > 45 years)

Femoro-tibial OA 300 mg/day ASU

400 mg 3 times/day CS

For 6 months

No difference between CS and ASU

Maheu et al. (25) Placebo: 179

ASU:166

345 patients Hip OA 300 mg/day ASU

Or placebo

For 3 years

No significant differences between the 

two groups. But slower progression in 

the ASU group.

Głuszko and Stasiek (29) Single group 4,186 patients 

(average age 

60 years)

Knee OA 300 mg/day ASU

For 6 months

ASU achieves significant clinical 

improvement

Jangravi et al. (34) PD: 20

DP: 20

40 patients 

(<60 years)

Bilateral knee OA 300 mg/day ASU

PD: placebo 3 months + ASU 

3 months

DP: ASU 3 months + placebo 

3 months

ASU is effective as an antioxidant

Veterinary clinical trials

Kwananocha et al. (50) Single group 10 dogs (adults) Hip OA 900 mg/day GLU

350 mg/day CS

900 mg/day ASU

For 4 weeks

Inconclusive. Possible insufficient dose.
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of these molecules and, therefore, sufficient reasons to test its efficacy 
in preclinical studies.

4.2 Preclinical studies

The first difference observed in the preclinical studies is the 
variety of species used. A total of 7 studies including in this review 2 
used dogs, two rats, one horses, one sheep and, finally one conducted 
their study in mice.

It should be noted that most authors used surgical induction as a 
method to induce OA. However, they used different vias. For example, 
Cake et al. (43) performed a bilateral lateral meniscectomy, Kawcak 
et al. (44) osteochondral fragmentation at the carpal joint and Boileau 
et  al. (45) sectioned the anterior cruciate ligament of the knee. 
Contrary to the rest of the literature, two studies did not use surgical 
but chemical induction. The first one used an intraarticular injection 
of MIA to induce OA and the other one injected carrageenan into the 
subplantar tissue of the right paw to induce edema.

On the other hand, we found no similarities between the different 
studies in the duration of the treatment, or the doses used. In this last 
case, they vary from 900 mg per day to 10 mg per kg and day, and if 
we look at the duration of treatment, from 70 days to 6 months, there 
is also a significant difference.

In terms of outcomes, there is also controversy. While some 
articles did not observe a decrease or disappearance of clinical signs, 
the rest of the authors describe the results as positive. Goudarzi et al. 
(30) revealed a decrease in inflammation and pain relief and Boileau 
et  al. (45) an improvement of the histopathology of the lesion. 
Furthermore, and as an example of contradiction within the same 
study, although Cake et al. (43) found no significant differences in the 
macroscopic study and histology, once the statistics were performed, 
they did find significant differences.

To conclude, some of the authors point out the variation in 
biomarkers. Three of them agree on the increased expression of 
TGF-1β and two describe the decreased expression of both iNOS and 
MMP-13. However, all the publications agree on the beneficial effects 
of ASU on the OA.

4.3 Clinical studies

In contrast to the pre-clinical studies where there was a great deal 
of variety in the species included in the investigations, almost all the 
articles included in this review are studies conducted in human 
medicine. The exception is Kwananocha et al. (50), which is the only 
case of a clinical trial conducted on dogs and focused on 
veterinary medicine.

The same is true for the doses used. All the articles are unanimous 
in the use of 300 mg per day except Kwananocha et al. (50) who used 
90 mg. In addition, Appelboom and Schuerman (47) formed two 
groups and administered 600 mg per day to the second group, 
although, in the end, the results found no difference between the two.

In terms of the joint affected, there are differences. Two of the 
studies focused on the femorotibial joint, two on the hip and the other 
two on the knee.

Finally, the results all agree that they indicate a slowing of the 
progression of the pathology and alleviation of symptoms. Although, 

it is true that both Lequesne et al. (49) and Maheu et al. (25), who 
studied structural effects, failed to prove any positive change after 
treatment. Importantly, Kwananocha et al. (50) cannot be compared 
on this point as their results were inconclusive due to a possibly 
insufficient dose.

5 Conclusion

Based on the literature found and consulted, we can affirm that 
most of the studies reach a common answer: ASU alone or in 
combination with other substances helps to a great extent to reduce 
the symptoms of OA, but without locating all the ways of action in 
which it participates. In other words, it produces an analgesic and 
anti-inflammatory effect capable of reducing the doses of NSAIDs and 
therefore their side effects, which are necessary to control the chronic 
pain caused by this pathology. However, as it acts on multiple types of 
cells involved in inflammation and other mechanisms not yet fully 
understood, further studies are needed to find out how it produces 
these beneficial effects and by which pathways, as well as to establish 
effective doses for the administration of ASU, alone or in combination 
with other drugs or supplements.
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