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Abstract To investigate that a 6-month treatment with
avocado soybean unsaponifiable (Piascledine® 300 mg)
once daily is as effective as with chondroitin sulfate 400 mg
three times daily in femorotibial gonarthrosis, and also the
carry-over effect for two more months is comparable.
Patients were randomized (1:1) to the treatment groups.
They received for 6 months 3 capsules chondroitin sulfate
per day or one capsule of avocado soybean unsaponifiable
(ASU) in a double-dummy technique. A 2-month post-
treatment period followed to determine the carry-over
effect. Primary efficacy criterion was the change of the
WOMAC-index from study begin to end of treatment. Sec-
ondary criteria were the changes in Lequesne-index, pain
on active movement and at rest, global assessment of effi-
cacy. Three hundred sixty-four patients have been taken up
into the trial. Three hundred sixty one patients were eligible

for evaluation. One hundred eighty three received ASU
300 mg once daily, one hundred seventy eight chondroitin
sulfate three times daily. The WOMAC-index decreased in
both groups for approx. 50% to the end of therapy. During
the post-treatment observation there was a further slight
improvement. There was no statistical significant difference
between the treatment groups during the entire observation.
All other observed parameters showed the same pattern.
The daily intake of rescue medication was reduced contin-
uously. Overall efficacy has been rated excellent and good
in more than 80% of the patients in both groups. Both drugs
were safe and well tolerated. The first direct comparison
between avocado soybean unsaponifiable 300 mg once
daily and chondroitin sulfate three times daily reveiled no
difference in efficacy or safety aspects between 1 capsule
ASU 300 mg per day and 3 capsules chondroitin sulfate per
day. It can be assumed that the once daily intake of ASU
will lead to a better compliance in routine therapy.
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Introduction

Osteoarthritis (OA) is a degenerative joint disease. It can
result from the effects of cumulative wear at the joint
surfaces, trauma, or from genetic factors [1].

Osteoarthritis causes cartilage degeneration, characterized
by damage of the cartilage collagen network and the loss of
proteoglycans [2]. Twenty-five percent of women and 15%
of men over the age of 60 years show some signs of this
degenerative disease [3].

The current classification of the medication for osteoar-
thritis recognizes three types of drugs [4–9]: fast-acting
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drugs inducing symptomatic relief (acetaminophen, non-
steroidal anti-inflammatory drugs); the symptomatics slow-
acting drugs for OA (SYSADOA), which later have a
carry-over effect [10, 11], the two tested product in this
trial, Piascledine® and Chondroïtin® sulfate, belong to this
category and lastly, the structure-modifying drugs, which
are expected to have a beneficial effect on the progression
of the structural changes in osteoarthritis. This group is
currently under investigation; some of these substances
have shown promising results, but there is no evidence that
they can stop or minimize the structural changes due to OA.

Piascledine® 300 consists of avocado soybean unsaponi-
fiable (ASU) in proportions of 1=3 and 2=3, respectively. It has
shown interesting properties in in vitro and in vivo animal
models of experimental arthrosis. These results provided
evidence on the pharmacological properties for a basic
treatment of arthrosis [11–18].

The non-saponifiable residues inhibit interleukin-1 (IL-1)
and stimulate the synthesis of collagen in joint chrondrocyte
cultures [11].

The anti-collagenolytic activity of non-saponifiable sub-
stances and their capacity of partially inhibiting the
deleterious effects of IL-1 have been demonstrated in two
studies: using bovine joint chrondrocyte cultures [14] and
human joint chrondrocyte cultures [15], respectively.

Chondroitin sulfate consists of repeating chains of
glycosaminoglycans. It is a major component of carti-
lage, providing structure, holding water and nutrients and
allowing other molecules to move through the cartilage
providing resistance and elasticity of the cartilage. It
has been shown, in numerous double-blind clinical trials
[19–21], to relieve pain and increase joint function and,
possibly, be able to slow down progression of the disease.
There is no evidence that chondroitin sulfate will cure
osteoarthritis.

The objective of the present study was to compare the
efficacy of ASU 300 mg once daily as a symptomatic therapy
to chondroitin sulfate three times daily during a 6-month
treatment (plus 2 months post-treatment observation) in
patients with osteoarthritis of the knee.

Patients and methods

Patients Patients eligible to the study had to be aged
45 years or above and had femoro-tibial osteoarthritis of the
knees longer than 6 months with pain and functional
discomfort over 1 month during the last 3 months, were
complying with the clinical and radiological criteria of the
American College of Rheumatology [22] of knee osteoarthri-
tis, had a Lequesne index between 5 and 13 and a radiologic
score of stage I, II or III of the modified Kellgren/Lawrence
scale [23] on a frontal image of extended knee, on both

knees, the image being not older than 6 months, had pain on
movement and/or pain at rest in the last 48 h at least 40 mm
evaluated on a VAS, and/or at least 40 mm evaluated on at
least two items among the five items in the A-section of the
WOMAC index, with no intake of analgesics for 48 h and
NSAID for 5 days.

Exclusion criteria were osteoarthritis of the hip located at
the side of the evaluated knee, osteoarthritis of the knee that
may require surgical intervention during the planned
duration of the study, septic arthritis, inflammatory joint
disease, known chondrocalcinosis of the joints, articular
fracture of the knee, ochronosis or haemochromatosis, M
Paget, chondromatosis, villo-nodular synovitis, haemophilia,
gout and pseudo-gout, acromegalia, Wilson's disease, collagen
gene mutations, a body mass index of >35, treatments with
NSAID within 5 days or an analgesic within 48 h before
inclusion, with corticoids within 1 month prior to inclusion,
with SYSADOA, intra-articular injection of corticoids,
hyaluronic acid into the knee, pulsed electromagnetic field,
and synoviorthesis within 3 months prior to inclusion,
operations (osteotomy, meniscectomy) on the evaluated knee,
diseases requiring the intermittent taking of corticoids (e.g.
asthma), serious evolutive heart condition, pulmonary, renal,
hepatic, haematological, neoplastic or infectious diseases,
allergy to one of the components of the used drugs,
leucopenia from a serious hereditary disease, pregnancy or
no efficient contraception at the time of inclusion, intricacy
following an accident or net psychalgic component and lipid
metabolism disorders.

Study design This was a prospective, controlled, random-
ized, multinational, multicentre (Table 1), double-blind,
double-dummy parallel-group study carried out at five
centres in Czech Republic, three in Slovak Republic, five in
Hungary, seven in Poland, and six in Romania.

The ethical standards adopted by the XVIII World
Medical Assembly (Helsinki, 1964) and subsequent revi-
sions have been strictly observed, as well as the European
Union Good Clinical Practice standards for clinical trials.
Prior to the study initiation the documentation has been
submitted to the local ethics committees and the respective
national authorities for review and approval. The study was
monitored in regular intervals by a Contract Research
Organisation to ensure compliance with the protocol and
Good Clinical Practice.

Patients were treated for 180 days followed by a post-
treatment observation phase of 60 days. Six visits have
been performed during this time (Table 2).

The patients were instructed to keep a diary during the
duration of the study, into which the intake of rescue
medication had to be recorded.

The dosage of ASU was one capsule per day, the dosage
of chondroitin sulfate was three capsules per day. As ASU

660 Clin Rheumatol (2010) 29:659–670



Table 1 Distribution of patients according to centres

Investigator Centre No. of patients Percent ASU Chondroitin

Karel Pavelka Institute of Rheumatology, Praha, CZ 12 3.30 6 6

Hana Brabcová Rheumatol. Dept. FH Plzen, CZ 18 4.95 9 9

Eva Dokoupilová Rheumatological Hospital, Uherske Hradiste, CZ 18 4.95 9 9

Pavel Horák 3rd. Dept.Int.Med. FH Olomouc, CZ 15 4.12 8 7

Sevda Augustinová Medipont s.r.o., Česke Budejovice, CZ 12 3.30 6 6

Pál Géher Hospital St. John’s the God, Budapest, HU 3 0.82 2 1

György Genti Hospital Flor Ferenc, Kistarcsa HU 7 1.92 3 4

Filoména Nagy Szent Rókus Hospital, Budapest, HU 15 4.12 8 7

Magdolna Nagy I. Outpatient Rheumatology Department, Budapest, HU 18 4.95 9 9

László Szekeres Szent-András Hospital, Hévíz, HU 9 2.47 5 4

István Szombati Hospital St. John’s the God, Budapest, HU 11 3.02 5 6

Piotr Głuszko Department of Rheumatology, Malopolskie Centrum
Medyczne, Kraków, PL

18 4.95 9 9

Wieslaw Łach Szpital Prywatny “Ars Medica”, Szczecin, PL 12 3.30 6 6

Jacek Pazdur Rheumatology Institute, Warszawa, PL 18 4.95 9 9

Artur Racewicz Prywatny Gabinet, Białystok, PL 18 4.95 9 9

StanisławSierakowski Centrum Medyczne, Białystok, PL 6 1.65 3 3

Jacek Szechinski Kolejowy Hospital, Wrocław, PL 10 2.75 5 5

Andrzey Wałł Ortopaedic Clinic, Wrocław, PL 18 4.95 9 9

Ioan Brandeu Spitalul Judetean, Satu Mare, RO 12 3.30 6 6

Catalin Codreanu Spitalul Clinic “Sf. Maria”, Bucureşti, RO 12 3.30 6 6

Liviu Ionescu Centrul Metodologic de Reumatologie `Dr. Ion Stoia`,
Bucureşti, RO

12 3.30 6 6

Victor Stoica Spitalul Clinic `Dr.I. Cantacuzino`, Bucureşti, RO 12 3.30 6 6

Maria Sutu Spitalul Municipal, Constanţa, RO 12 3.30 6 6

Florea Voinea Spitalul Judetean, Satu Mare, RO 12 3.30 6 6

Peter Belica Municipal Hospital, Nove Zamki, SK 24 6.59 12 12

Bohuslav Dobrovodsky Poliklinika Druzba, Trnava, SK 18 4.95 9 9

Josef Rovensky NURCH, Pieśtany, SK 12 3.30 6 6

Table 2 Flowchart

Treatment period

Visit number 1 2 3 4 5* 6

Study day 1 30±3 60±5 90±5 180±7 240±14

Patient information/informed consent, assessment of demography, medical history
(general and of osteoarthritia), inclusion and exclusion criteria, randomisation

●

Physical examination, vital signs, safety laboratory ● ●
Efficacy assessment (pain on active movement, pain at rest, WOMAC index
and Lequesne index, assessment of osteoarthritis); concomitant diseases and medication

● ● ● ● ● ●

Dispensing of drugs and patient diary ● ● ● ●
Tolerability assessment; rescue medication ● ● ● ● ●
Retrieval of drugs and patient diary, compliance check ● ● ● ●
Overall assessment of efficacy and tolerability ●

*Premature study completion
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capsules and chondroitin capsules have a different aspect, a
double-dummy technique has been used to blind the medica-
tion. Thus, ASU verum and placebo were identical, and
chondroitin sulfate verum and placebo were identical. The
placebos contained all ingredients of the verum except the
active substances. The test medication was packed into
blisters according to the following scheme: Blister A
contained: one capsule ASU 300 mg and three capsules
chondroitin sulfate placebo. Blister B contained: one capsule
ASU placebo and three capsules chondroitin sulfate 400 mg.
All blisters had an identical batch number and expiry date.
Each patient took four capsules per day, two in the morning,
one at noon, one in the evening.

Evaluation of efficacy The main criterion was the WOMAC
index [24]. The Western Ontario and Mac Master Universities
Osteoartritis Index is an arthrosis-specific self-questionnaire.
It evaluates the symptoms related to pain, stiffness and
functional discomfort of the last 48 hours. The questionnaire
contains 24 questions (five on pain, two on stiffness and 17
on the physical function). Answers to the questions are given
on visual analogue scales from 0–100 mm. The total count
may vary between 0 and 2,400.

Secondary criteria were Lequesne index [25], pain on
active movement and at rest [26], overall evaluation of
osteoarthritis, overall assessment of efficacy and consumption
of analgesics.

The algo-functional Lequesne index is used in studies
evaluating treatment efficacy in arthrosis. The score of the
Lequesne index may vary between 0 (indolence and
handicap absent) to 24 (pain and maximal handicap). The
index reflects the effect felt during the last 48 h.

Changes of pain on active movement and pain at rest
assessed on a 100 mm Visual Analogue Scale (VAS) [26].
The VAS consists of a 100-mm long, horizontal line which
has short vertical lines (boundaries) at both ends. The left
boundary is designated as “no pain”, and the right boundary
as “unbearable pain” or “extreme pain”.

The overall evaluation of osteoarthritis of the knee by
investigator allows the evaluation of the state of the patient
while taking into account all aspects of the patient's life
influenced by osteoarthritis of the knee. It was also
evaluated by a non-graduated 100 mm VAS. The left
boundary was designated as “excellent health status”, and
the right boundary as “very bad health status”.

Overall assessment of efficacy was assessed by both
investigator and patient on a 4-point rating scale using the
descriptors excellent, good, moderate, poor.

Consumption of paracetamol was evaluated during each
visit by the investigator by counting the number of tablets
left as compared to the number handed over during days
1 to 180 and using the self-evaluation diary from days 1
to 240.

Compliance The patients were instructed to return the
empty or partially empty blisters to the study centre at visit
2, 3, 4 and 5. The investigators counted the returned
capsules. After collection of the retrieved study medication
there was an additional count of the returned capsules and
the appropriate/inappropriate consumption was documented.
The patient was regarded as non-compliant, if he/she took less
than 80% of the stipulated trial medication and/or if he/she did
not take the trial products for 14 consecutive days.

Evaluation of safety Laboratory parameters were determined
haematology (WBC incl diff. blood counts, RBC incl. MCV,
MCH, MCHC, thrombocytes, haematocrit, haemoglobin,
ESR), electrolytes (sodium, potassium and calcium), enzymes
(GOT, GPT, γ-GT and AP), serum albumin and substrates
(cholesterol, glucose, creatinine, bilirubine, and total protein).

A general physical examination (skin, eyes/ears/nose/throat,
head/neck, thorax, lungs, heart, abdomen, liver, spleen, pelvis,
extremities/joints, neurological and other findings) has been
done before therapy begin and after therapy end.

Vital signs (blood pressure, heart rate and breath rate)
were determined before therapy begin and at therapy end.

Adverse events including relevant changes of the laboratory
parameters were recorded and fully documented concerning
onset, duration, intensity, severity, frequency, causal relation-
ship to the study medication, treatment required, outcome and
action taken with the investigation drug to all adverse events.

Overall assessment of tolerability was done by both
investigator and patient on a 4-point rating scale using the
descriptors excellent, good, moderate, poor.

Statistics The sample size evaluation was based on the
assumption based on results from a previous, double-blind,
placebo-controlled, 6 months study with ASU versus
placebo. A non-inferiority design has been chosen as an
approach to investigate efficacy of the treatments. The
power was set to 80%, the “true” population means for the
two treatments were supposed to be equal, and group sizes
should be equal. Under these conditions the number of
patients/group was calculated with 157, thus an overall
number of 314 evaluable patients was to be taken up into
the trial. Expecting a drop-out rate of 10%, the patient
number to be included was set to 360.

The randomisation to the two treatment groups was
performed using the computer program Rancode 1.0 (idv
München, Gauting).

Statistical analyses have been performed according to the
ICH E9 guidelines “Statistical Principles for Clinical Trials.”

There were three populations evaluated. The safety
analysis population was defined as all patients having had at
least one administration of the allocated product. The intention
to treat (ITT) population was defined as all randomised
patients having the baseline efficacy measurement and at least
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one more measurement of the WOMAC index. The TPP
(treated per protocol) population consists of all patients having
completed the study without major protocol violations.

Descriptive statistics have been done for demographic
data (n, mean, standard deviation, median, minimum and
maximum values for continuous data, counts and frequencies
for categorical and ordinal values). Homogeneity across
treatment groups was assessed descriptively.

The primary efficacy parameter has been assessed for
both the ITT- and the TPP- population. The decision on
efficacy was done from the results of the ITT-group.

For the primary efficacy variable, the mean decrease of
the WOMAC index from baseline to the end of the therapy,
the parametric one-sided 95% confidence interval of the
difference between the treatment group means were
computed. This confidence interval had to be included in
the range [−30%, ∝) of the reference mean.

For the changes from baseline of the WOMAC index at
each visit, for pain on active movement assessed on the VAS
scale, for pain at rest assessed on the VAS scale and the for the
Lequesne index a repeated measures analysis of variance
(ANOVA) was to be performed, accounting for the fixed
effects of treatment, centre and treatment-centre interaction. If
the treatment–centre interaction is significant then the
treatment effect were to be assessed for each centre separately.

The centre effect has been determined according to the
WOMAC index (as patient-related variable) and the Lequesne
index (as investigator-related variable) at visit 1. For the
overall evaluation of the treatment made by the patient and by
the investigator and for the overall evaluation of treatment
tolerability, the one-sided nonparametric 95% confidence
interval of the difference between the treatment group means
was to be computed.

The number of paracetamol tablets used at each visit was
to be compared by the Mann–Whitney U test.

Safety analysis was to be done on the safety population, for
all patients included in the study. The number of adverse
events and the number of clinically significant abnormalities
were compared by Fisher's exact test. The mean percent
changes from baseline and their 95% confidence intervals
were to be computed for each laboratory parameter.

For all efficacy and acceptability data, descriptive statistics
(n, mean, standard deviation, median, upper and lower
quartile and extreme values for continuous data, counts and
frequencies for categorical and ordinal values) were given per
visit and per treatment group (test, comparator). The descrip-
tive statistics is based on the TPP and the ITT population.

Results

Demography and baseline characteristics A total of 364
patients has been taken up into the trial. Each centre treated

in median 12 patients (minimum three, maximum 24
patients). The disposition of patients is presented in Fig. 1.

The majority of the patients (299) were females (82.8%);
62 were males (17.2%). Relevant previous diseases and/or
operations have been registered in 311 patients. Two
hundred sixty-three patients had concomitant diseases and/or
medications.

The vital signs did not show any abnormalities. The safety
laboratory parameters were within the normal range except the
following observations: Pathologic elevated values of clinical
relevance are found in two patients (SGOT and SGPT in one
patient), SGOT, SGPT and γ-GT in one patient—both in the
group to get ASU), glucose (four patients, two each in both
groups) and cholesterol (six patients, three each in both
groups). These elevated values have been assessed to be
neglectable for the aim of this study. There were also 5
patients with elevated ESR.

In 260 cases, both knees have been X-rayed, in 103 cases
only one knee. In 339 cases, the X-ray has been performed in
extension, in 13 cases in flexion and in 11 cases in both
positions.

TheX-ray has been performed on the day of the
examination or the next day in 97 cases. In 15 patients,
the X-ray was performed before 1 week maximum, in 60
cases before 1 month maximum. In 56 cases, the X-ray was
older than 1 month.

The osteoarthritis has been classified according to a
modified Kellgren-scale [23]. Sixty-five patients (17.9%)
belonged to stage I, 194 patients (53.4%) to stage II, and
104 patients (28.7%) to stage III.

Other known and radiologically confirmed arthrotic local-
isations (spine, hip, extremities) have been diagnosed in 121
patients. Demographic and other baseline characteristics are
presented in Table 3.

Efficacy The presented results are based on the ITT-population
(see also Table 4). The mean decrease of the WOMAC index
from baseline (visit 1) to visit 5 or to the end of the therapy
was 546.0±440.45 for ASU, and 587.3±428.43 for chon-
droitin sulfate (Fig. 2). There is no difference between the two
treatment groups (ANOVA p=0.369).

The total WOMAC index as well as its subcategories
decreases in both groups for approx. 50% from visit 1 to the
end of therapy at visit 5. Also during the post-treatment
observation there is a further slight improvement. There is
no statistical significant difference between the treatment
groups during the entire observation.

The Lequesne index decreases in both groups with a
mean of 3.5 points from visit 1 to the end of therapy at visit
5. During the post-treatment observation there is a further
slight improvement.

Pain on active movement, pain at rest and global
assessment of knee osteoarthritis decreased in both groups
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to approx 50% of the initial value at the end of therapy, and
remained unchanged until the end of the post-treatment
period. There is no statistical significant difference between
the treatment groups during the entire observation (Table 4).

Overall efficacy has been rated excellent and good in 80.8%
of the ASU-treated patients by the investigator, and 80.2% by
the patient. In the chondroitin group, the investigators rated
better than the patients (85.3% versus 80.6%).

The daily intake of rescue medication has been reduced
continuously during the treatment period, for 24% in the

ASU group, for 22% in the chondroitin-group. A further
reduction (18% in the ASU group, 17% in the chondroitin
group) could be achieved in the post-treatment period
(Fig. 3). There was no significant difference between the
groups.

All efficacy parameter have been evaluated for both ITTand
TPP groups. The results did not differ between the two groups.

The compliance was high in both treatment groups. The
mean intake of medication was 101.5%±6.14 in the ASU
group, and 102%±4.54 in the chondroitin-group.

364 patients screened

183 patients avocado soybean 178 patients chondroitin361 patients eligible 
for safety 

9 patients early termination 
1 patients early termination 
and other reason1 

11 patient forbidden 
analgesics 

5 patients violation of 
radiologic criteria 
23 patients violation of time 
frame 
1 patients violation of time 
frame and other reason2 

21 patient pain < 1 month 

2 patients excluded for ITT 
(WOMAC-index only 
baseline, Baseline WOMAC 
-index incomplete 

357 patients ITT

263 patients PP

3 patients screening failure:
( no Lequesne-index, inclu-
sion criteria not fulfilled,, 
Informed consent withdrawn 

181 patients avocado soybean 176 patients chondroitin

7 patients early termination
2 patients early termination 
and other reason1,2 
3 patients forbidden 
analgesics 
10 patients violation of 
radiologic criteria 
30 patients violation of time 
frame 
1 patients violation of time 
frame and other reason3 

11 patients out of age 
range 
21 patient Lequesne-index 
initially > 13 
3 1 patient pain < 1 month 

2 patients less than 30 days 
pain in 3 months 

121 patients chondroitin142 patients avocado soybean 

2 patients excluded for ITT 
(WOMAC-index only 
baseline, Lequesne index  
20 at Visit 1) 

Fig. 1 Disposition of patients

ASU Chondroitin

Age, years 62.3±9.46 62.2±9.02

Height, cm 163.8±8.32 164.4±6.93

Weight 76.3±12.74 77.4±10.70

Body mass index 28.4±3.62 28.7±3.46

Total WOMAC index 1,174.5±371.46 1,176.7±336.49

WOMAC index A (pain) 241.0±72.37 245.5±70.02

WOMAC index B (stiffness) 97.4±40.09 97.0±38.37

WOMAC index C (difficulties) 836.2±283.84 834.3±256.88

Lequesne index 10.1±1.94 10.2±1.67

Global assessment of osteoarthritis (100 mm VAS) 55.3±14.21 56.3±13.65

Table 3 Demographic (safety
population) and other baseline
characteristics (ITT-population,
mean±standard deviation)
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Table 4 Statistical characteristics (ITT population, mean±standard deviation) of the efficacy parameters

Absolute Values±standard deviation* Mean % reduction from baseline*

ASU Chondroitin ASU Chondroitin

Total WOMAC index

Baseline 1,174.5±371.48 1,176.7±336.49

Month 1 1,005.6±450.89 965.7±442.38 14.4 17.9

Month 2 882.2±494.34 838.9±469.48 24.9 28.7

Month 3 797.3±495.55 753.8±489.58 32.1 35.9

Month 6 628.5±468.14 589.4±476.73 46.5 49.9

Month 8 586.4±489.42 549.9±464.78 50.1 53.3

WOMAC index A (pain)

Baseline 241.0±72.37 245.5±70.02

Month 1 203.8±90.96 194.8±93.93 15.4 20.7

Month 2 175.9±101.92 166.0±98.23 27.0 32.4

Month 3 155.7±101.21 149.9±100.64 35.4 39.0

Month 6 124.6±97.29 114.4±99.82 48.3 53.4

Month 8 116.7±100.19 108.3±98.73 51.6 55.9

WOMAC index B (stiffness)

Baseline 97.4±40.09 97.0±38.37

Month 1 81.4±43.14 80.0±42.69 16.4 17.5

Month 2 69.4±47.63 66.5±44.50 28.7 31.5

Month 3 62.5±45.80 60.6±46.25 35.9 37.5

Month 6 48.8±44.77 47.6±44.78 49.9 50.9

Month 8 46.5±46.78 41.1±42.02 52.2 57.6

WOMAC index C (difficulties)

Baseline 836.1±283.84 834.3±256.88

Month 1 720.4±333.28 691.0±321.41 13.8 17.2

Month 2 636.8±360.60 606.4±341.66 23.8 27.3

Month 3 579.2±359.01 543.3±351.42 30.7 34.9

Month 6 455.2±336.74 427.5±341.42 45.6 48.8

Month 8 423.1±350.88 400.5±332.65 49.4 52.0

Lequesne index

Baseline 10.1±1.94 10.2±1.67

Month 1 9.2±2.66 9.0±2.32 9.5 12.0

Month 2 8.2±2.87 8.1±2.56 18.8 20.7

Month 3 7.6±2.98 7.6±2.83 24.7 26.2

Month 6 6.6±3.14 6.5±3.15 35.3 36.6

Month 8 6.3±3.38 6.3±3.30 37.4 38.6

Pain on active movement

Baseline 61.3±13.67 60.5±12.66

Month 1 49.4±20.28 45.9±20.61 19.3 24.1

Month 2 42.1±23.08 40.1±22.53 31.3 33.7

Month 3 38.2±23.35 35.6±23.04 37.6 41.2

Month 6 30.0±23.54 27.6±22.31 51.0 54.4

Month 8 29.3±23.46 28.8±23.35 52.3 52.4

Pain at rest

Baseline 45.8±21.99 46.1±21.04

Month 1 35.4±22.08 33.2±21.70 22.7 27.9

Month 2 30.9±23.01 28.1±21.43 32.5 39.1

Month 3 29.6±23.83 25.8±22.25 35.4 44.0
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Only two patients were not compliant according to the
definition taking 58% and 63% of the required dosage,
respectively. Both patients took the medication also less
than 15 consecutive days between visits 4 and 5.

There was no centre-effect detectable when comparing
both WOMAC index and Lequesne index. The results
obtained in the centres were homogenous.

Safety There were four serious adverse events reported. One
patient (ASU group) died during the study (was found dead by
her relatives at home), three patients (two ASU, one
chondroitine) were hospitalized during the observation time.
There was no connection with the treatments given.

Altogether 123 not serious adverse events in 81 patients
have been reported (Table 5). There is no statistical significant
difference between the two groups (p=0.62; Fisher's exact
test).

Neither laboratory analysis nor vital signs showed any
clinically relevant treatment-related changes. In patients
with initially elevated ESR, no relevant changes have been
observed.

Overall tolerability was assessed by investigator and
patient in 173 cases for ASU, and in 172 for chondroitin.
The tolerability of the ASU treatment is assessed as
excellent and good by the investigators in 96.0%, by the
patients in 94.2%, of chondroitin in 98.8% and 96%,
respectively. Moderate and poor tolerability for ASU is
assessed in 4.1% by investigators, and 5.8% by patients, for
chondroitin in 1.2% by investigators, and in 4.1% by patients.

Discussion

This prospective, controlled, randomized, multinational,
multicentre, double-blind, double-dummy parallel-group
clinical study in 364 patients over 6 months confirms
previous data suggesting persistent and 2 months carry-over
efficacy of ASU in patients with knee osteoarthritis.

ASU produced varying degree of symptomatic efficacy
in several clinical studies in patients with osteoarthritis of
the knee and hip [27–30].

In the study conducted by Blotman et al. 163 patients
with osteoarthritis of the knee or hip received compulsory

Table 4 (continued)

Absolute Values±standard deviation* Mean % reduction from baseline*

ASU Chondroitin ASU Chondroitin

Month 6 19.8±20.07 19.1±19.93 56.7 58.5

Month 8 19.8±20.84 19.6±20.39 56.7 57.6

Global assessment of knee osteoarthritis

Baseline 55.3±14.21 56.3±13.65

Month 1 46.5±17.16 45.7±17.44 15.9 18.8

Month 2 39.9±18.24 38.1±18.03 28.0 32.3

Month 3 34.3±18.90 34.8±18.32 38.0 38.2

Month 6 29.1±19.88 27.7±19.05 47.4 50.8

Month 8 29.2±21.77 27.6±20.45 47.3 51.0

Rescue medication: average number of tablets/day

Month 1 1.24±1.101 1.21±1.030

Month 2 1.16±1.098 1.13±1.031 6.5 6.6

Month 3 1.09±1.083 1.07±0.954 12.1 11.6

Month 6 0.94±0.956 0.94±0.943 24.2 22.3

Month 8 0.77±0.911 0.78±0.925 37.9 35.5

*No statistical significant differences between the groups have been observed in any of the observations
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Fig. 2 WOMAC index (total, mean±standard deviation)
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oral doses of NSAID for 3 months (one of the seven
predefined NSAID) and 300 mg/daily ASU or placebo. The
main evaluation criterion was the ratio of patients who
returned to NSAID and the time elapsed between day 45
and the resumption. The difference for the whole set of
patients was statistically significant between the two
treatment groups (p<0.001). Other assessment criteria
(patient and physician global assessment, Lequesne func-
tional index and severity of pain) showed the same trend
with the exception of pain measured by a VAS scale [27].

Maheu et al. treated 164 patients with osteoarthritis of
the knee (114) and hip (50) for 6 months and followed-up
for an additional 2 months either ASU 300 or 600 mg
(85 patients) or placebo (79 patients). The primary end-
points were the Lequesne index, pain, overall disability
(rated on the visual analogue scale) and intake of NSAIDs.
In this study, all parameters ameliorated significantly better

in the ASU-treated group than in the placebo group, except
NSAIDs intake reduction. The Lequesne score decreased
from 9.7±0.3 to 6.8±0.4 in the avocado–soybean and from
9.4±0.3 to 8.9±0.4 in the placebo group. Less patient
required NSAID treatment in the ASU (48%) than in the
placebo group (63%). The subgroup analysis showed a
more marked improvement in patients with hip osteoarthri-
tis [28].

Appelbooom et al. treated 260 patients with knee
osteoarthritis 300 or 600 mg daily ASU for 3 months.
The primary endpoint (NSAIDs and analgesics intake)
between days 30 and 90 decreased by more than 50% in
71% of the patients compared with 36% of the patients
receiving placebo. Among the secondary endpoints the
Lequesne functional index decreased from 9.6±2.5 to 5.5±
3.6 and 9.8±2.7 to 6.5±3.5 points in ASU 300 and 600 mg
groups, respectively, against 9.8±2.4 to 7.8+−3.4 in those
receiving placebo [29].

Lequesne et al. in a placebo-controlled trial treated 163
patients with hip osteoarthritis with ASU for 2 years to
evaluate the structure-modifying effect. One hundred and
eight patients were radiologically evaluable at the end of the
study but there was no difference in the joint space loss
between the two groups. In a post-hoc analysis, they were able
to demonstrate that avocado–soybean significantly reduced
the joint space loss compared to placebo in the patient with
advanced joint space narrowing [30].

Several systematic reviews on SYSADOA and a meta-
analysis of ASU analyzed the results of previous studies
[31–33].

Moe et al. performed an umbrella review of the previous
meta-analysis. They found a low-quality evidence that ASU
reduce pain in hip OA, and they concluded that further
primary studies are needed [31].

Bruyere et al. found that ASU and other drugs of
SYSADOA group have demonstrated pain reduction and
physical function improvement. They highlighted the low
toxicity rate of these drugs. This analysis was based on a
critical review of three studies [27–29]. Contrary to the

Table 5 Adverse events

ASU Chondroitin Total

Number of patients 38 (20.8%) 43 (24.2%) 81 (22.4%)

Number of AE 50 73 123

Relation to the treatment

Unlikely, conditional or not related 41 (82.0%) 59 (80.8% 100 (81.3%)

Certainly related 0 0 0

Probably related 3 (3 allergic reactions) 2 (1 allergic, 1 gastrointestinal reaction) 5

Possibly related 6 (6 gastrointestinal reactions) 12 (8 gastrointestinal reactions, 2 swellings,
1 lumbalgia, 1 alopecia)

18

Terminated due to AE 5 patients 4 patients 9 patients

Treatment periods: 1, 2, 3: one month each 
4: 3 months 
5: post-treatment period (2 months) 

Average number of tablets/day
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previous meta-analysis [31], they considered the quality of
evidence with moderate to high [33].

Christensen et al. in their meta-analysis concentrated
only to the efficacy of ASU in osteoarthritis. The study
result was based on four manufacturer-supported trials
[27–30]. In these trials, 664 patients with either hip (275) or
knee (389) osteoarthritis were treated with 300 mg ASU
(336) or placebo (328) with a mean treatment duration of
6 months (3–12 months). The pain reduction favoured ASU
with an effect size of 0.39 (0.01–0.76) and the amelioration
of Lequesne index also was better in the ASU treated group
with an effect size of 0.45 (0.21–0.70). This is a modest,
but clinically significant clinical effect. They calculated that
one patient out of six [2, 4–7, 10–15, 19, 22–26, 28] was
needed to be treated with ASU compared with placebo to
have a benefit from the ASU treatment [32].

Chondroitin sulfate has been shown in numerous double-
blind clinical trials to relieve pain and increase joint
function and, possibly, be able to slow down progression
of the disease.

In a study of Mazieres et al. 1 g/day of chondroitin
sulfate was compared with placebo in the treatment of
osteoarthritis of the knee in 130 patients. The treatment
duration was 3 months. There was a significant improvement
with respect to the Lequesne index. All variables tended
towards a greater improvement in the chondroitin sulfate than
in the placebo group and efficacy persisted one month after
stopping medication [20].

Morreale et al. compared the efficacy of chondroitin
sulfate and diclofenac in a randomized, multicenter, double-
blind clinical study in 146 patients with osteoarthritis of the
knee. Patients in the diclofenac group showed a prompt
improvement of clinical symptoms, which, however,
reappeared after the end of treatment. In the chondroitin
sulfate group the therapeutic response appeared later in time
but lasted for up to 3 months after the treatment [21].

Kahan et al. concluded from a placebo-controlled multi-
centre study in 622 patients over 2 years that chondroitin
sulfate reduces significantly the progression of the joint
space associated with a significant difference in the clinical
findings in comparison to placebo [34].

Several meta-analysis on the effectiveness of chondroitin
sulfate resulted in conflicting evidence. Leeb et al. found
that the Lequesne index and the VAS for pain had improved
by a mean of 50% in treated patients, but only by 20% in
the controls [19]. In a more recent meta-analysis, however,
Reichenbach et al. concluded after analysing 20 trials of
varying duration (6–103 weeks) with altogether 3,846
patients with osteoarthritis of the hip or knee that
chondroitin sulfate has minimal effect in joint pain, while
the effects on joint space were inconclusive. In two thirds
of the studies, 800–1,000 mg daily chondroitin sulfate was
applied, less than in our study [35].

Pavelka et al. demonstrated that long-term (3 years)
treatment with glucosamin sulfate retarded the progression
of osteoarthritis of the knee, according to the radiographic
minimum joint space measurements [36].

Meta-analysis of 19 studies over 1,328 diacerein—
another member of the SYSADOA group—treated and
1,309 patients treated with a comparator showed that
diacerein was significantly superior to placebo and equal
efficacious to NSAIDs with a 3 months carry-over effects
with excellent tolerability [37].

Although osteoarthritis is a localized disorder of the
diarthrodal joints and lacks any signs of general inflammation,
but some degree of local inflammatory activity can be shown
by different methods during the course of the disease. In a
histological study ninety percent of the cartilage specimens of
knee and hip joints of patients with osteoarthritis contained
pannus like tissue on the articular surface [38]. Furthermore,
these pannus-like lesions showed similar qualitative meta-
bolic characteristics and pro-inflammatory cytokine response
like the pannus in rheumatoid arthritis [39]. During the course
of osteoarthritis joint effusion, as sign of local inflammation
often can be detected clinically, but also by ultrasonography
and magnetic resonance imaging [40]. Further on, subchon-
dral bone marrow lesions can be detected by MRI which is
also suggestive of a local inflammation [41].

These findings point out the importance to inhibit the
inflammatory cascade also in osteoarthritis. NSAIDs exert
beside their analgesic properties a well known anti-
inflammatory effect upon the inhibition of the prostaglandin
production. Although the exact biochemical pathway
responsible for the efficacy of ASU is not fully clarified,
ASU in vitro demonstrated anti inflammatory properties in
different test systems [11–18]. It inhibits the production of
IL-1, prostaglandin E2, nitric oxide synthase and matrix
metalloproteinase-13, and enhances the production of trans-
forming growth factor and aggrecan [14, 15, 17, 42].

Osteoarthritis is a major public health problem in the
world due to its prevalence, its impact of quality of life and
its huge direct cost. Therefore the diagnosis and treatment
of OA should be based on solid scientific evidences and
cost-effective practice. Several international and national
treatment recommendations have been developed to influence
medical practice. In this respect it is important to clarify the
position of ASU in the recommended treatment of OA.

In 2000 the EULAR recommendation for the management
of knee osteoarthritis the authors stated that “SYSADOAmay
possess structure-modifying properties, but more studies
using standardised methods are required.” In this recommen-
dation, ASUwas not mentioned among the drugs belonging to
the SYSADOA group [43].

Three years later in a new recommendation, the authors go
further by stating that the drugs belonging to SYSADOA—in
this case including ASU too—have symptomatic effects and
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may modify structure. For ASU they calculated an effect size
of 0.32–1.72 which is comparable to the traditional NSAIDs
(0.47–0.96) and this recommendation based on 1B level of
evidence [8].

Patient preference also in favour of effective but less toxic
drugs in the treatment of chronic painful condition like OA. It
was shown in a survey of primary care physicians prescribed
traditional NSAIDs for the management of knee osteoarthritis,
although the 54.3% of the patients used complementary
medicines including drugs like the SYSADOA, especially
glucosamine sulfate and chondroitin sulfate [44].

This is the first study that compares ASU 300 mg once
daily and chondroitin sulfate 400 mg three times daily
directly for efficacy, safety and carry-over effect. The results
of this trial demonstrate that there is no difference in efficacy
or in safety aspects between ASU and chondroitin sulfate.
Also, the compliance was identical under these test con-
ditions, in which all patients had to take four capsules daily
over 6 months.

Pain and the parameters of the WOMAC index have
been reduced in intensity for approximately 50% in both
groups. Taking into consideration the results of Tubach et
al. [45] that a relevant reduction in pain is achieved with
approx. 40%, in WOMAC index in 26%, and in global
assessment of the patient in 39%, a relevant improvement
of the symptoms has been achieved in this trial after 3 months
of treatment.

The results of this trial can add a further evidence on
the effectiveness of ASU 300 mg in the treatment of
osteoarthritis.

Disclosures None
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