Efficacy of a new oral therapy compared with intraarticular treatments for the
diminish of knee osteoarthritis symptomatology, mid-term results
Abstract
Introduction: Osteoarthritis is a chronic and progressive disease. Affects more than 30%
of people over the age of 60. Osteoarthritis is currently recognized as a multifactorial
disease. Various conservative treatments are used of knee osteoarthritis (NSAIDs,
analgesics and intra-articular therapy). Material and methods: We conducted a
randomized clinical trial to determine ACTEN® therapy is more effective than intraarticular therapies. We divided the patients into 3 groups. The first group received 23 g of
ACTEN®, daily, for three months. The other groups received a single intra-articular
injection of hyaluronic acid (5 ml) or platelet-rich plasma (3 ml). We used the WOMAC
scale, SF-12 scale and VAS for pain on the baseline, 4, 12 and 24 weeks. Results: We
enrolled 108 patients with grade II – III osteoarthritis of the knee, who underwent a 24week follow-up study. The mean age was 57 (53 – 65) years. The three groups had a
diminish of the scores in the WOMAC group (p<0.001). The ACTEN® group had minor
WOMAC and VAS scores compared with the hyaluronic acid and platelet-rich plasma
groups at the 24-week (p<0.001). Discussion: ACTEN® taken orally, daily, for 12 weeks
have better results in the WOMAC and VAS scales compared with intra-articular therapies
such as hyaluronic acid or platelet-rich plasma. Combined oral and intra-articular therapies
should be tried to determine the efficacy.
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Osteoarthritis (OA) is a chronic and progressive disease, which affects weightbearing joints, and affects more than 30% of people over the age of 60 [1][2]. The
prevalence of clinical hip and knee osteoarthrosis in the United States increased from
21 million adults, aged 25 and older, in 1995 to 27 million in just one decade [2]. This
incidence of an age-related inflammatory disease, characterized by pain and loss of
synovial structure and function, associated with pain and functional disability [2] is
increasing, particularly in developed nations, which is mainly due to population ageing,
overweight and obesity. In general, OA is classified as primary or idiopathic, when there is
no apparent discernible cause, and secondary, when a trigger is present.
OA is currently recognized as a multifactorial disease in which various factors can
generate and perpetuate damage to articular cartilage, with the subsequent response of the
synovial membrane and subchondral bone. Knee OA has been considered a purely
mechanical condition, with the emphasis on joint overloads associated with axis changes
(valgus or varus knees), traumatic injuries and multi-ligament instabilities. When the
chondral extracellular matrix (ECM) is compromised, a decrease in water retention capacity
is generated and the tissue loses resistance, resilience and elasticity to compression,
increasing the damage to the surrounding tissue. Due to the low rate of cell turnover and
poor reparative capacity, the cartilage fails to compensate for the damage suffered [3][4].
Regardless of the original cause of the damage, synovial membrane fibroblasts respond by
secreting various cytokines and inflammatory factors (IL-1, TNF-α, TGF-β, IL-8, among
others) [5][6]. These inflammatory factors remain present in the joint, independently of the
corrective treatment of the original cause of the chondral damage (ligament stabilization,
fracture reduction, correction of axes, etc.), being able to maintain the progression of the
damage [3][4][7]. Insufficient response of the subchondral bone replaces the hyaline
cartilage with fibrocartilage constituted mainly by type I collagen, which results in a lower
mechanical capacity while there is a process of hypertrophy of the subchondral bone. This
process is characterized by the penetration of neovascularization in the deep layer of the
articular cartilage and chondral apoptosis, and it is followed by mineralization of the ECM,
which is clinically visible with the formation of osteophytes, geodes and reduction of the
joint space [6][8].
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Currently, various conservative treatments are used for knee osteoarthrosis, including
drug therapy with non-steroidal anti-inflammatory drugs (NSAIDs) and analgesics (AAS,
paracetamol). Also, natural products, like glycosaminoglycans, chondroitin-sulfate or
collagen are recommended. The intra-articular therapy that involves the restoration of the
usual biological properties, viscosity and elasticity, of the synovial fluid using hyaluronic
acid, which regulates various cellular activities and restores the properties of the synovial
fluid. On the other hand, the Platelet-Rich Plasma (PRP), which uses a high concentration
of platelets (2-4 times) release growth factors with chondrogenic properties and antiinflammatory cytokines.
The objective of this study is to determine if 10 g of hydrolyzed collagen (ACTEN®) with
100 mg fucoidan, which is a sulfated polysaccharide that comes from some types of brown
algae and has proven to help reduce inflammatory factors, oral therapy is effective in
reducing symptoms of gonarthrosis grade II - III on the Kellgren and Lawrence scale than
intra-articular hyaluronic acid or intra-articular platelet-rich plasma.
Materials and methods
Study design and ethical aspects
This was a prospective, longitudinal, analytic, randomized and simple blinded study
designed to evaluate the efficacy of a new oral therapy (ACTEN®) compared with
intraarticular treatments (hyaluronic acid and platelet-rich plasma) for the treatment of knee
osteoarthritis. A digital app for randomization (https://www.randomizer.com) was used to
assign patients in the three different groups. Following institutional review board approval
(OR17-00016) patients were actively recruited in the Department of Orthopedics and
Traumatology. All patients provided their written informed consent for participation in the
study. This study was conducted in accordance with the World Medical Association
Declaration of Helsinki. The resources and funding for the realization of this study were
provided by the Department of Orthopedics and Traumatology of the Hospital Universitario
“Dr. José Eleuterio González”.
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Participants and study subjects
From October 2017 to November 2019, we invited to the enrollment of this study to
all patients aged between 40 and 90 years, with diagnosed knee osteoarthritis (based on the
American College of Rheumatology criteria), with symptomatology for 12 months or more,
with grade II or III osteoarthritis in the Kellgren – Lawrence classification. Exclusion
criteria was: pregnant or breastfeeding woman, rheumatoid arthritis, knee surgery or
arthroscopy, intraarticular steroid, hyaluronic acid or platelet-rich plasma treatment in the
previous 9 months, cancer in the past 5 years, glucosamine and chondroitin treatment in the
previous 6 months, smokers (20 package/year or more), alcohol consumers (50 grams/week
or more), comorbidities such as gout (uric acid of 6.8 mg/dl or more), chronic renal disease
(GFR < 60 ml/min/1.73m2), non-controlled diabetes mellitus (Hb1Ac > 7%), noncontrolled hypertension (>120/>80 or more) or patients who were participating in other
study. Elimination criteria was missing a follow-up or missing a dose of the oral treatment.
Randomization
This study proposed a 1:1:1: randomization into the three groups. A correlative
identification number were given after the informed consent was signed. The enrolled
patients were assigned to one of the three groups (group 1: ACTEN®, group 2: hyaluronic
acid, and group 3: platelet-rich plasma). Patients were randomized by a digital app
(https://www.randomizer.com) and it was made by a medicine student of the Faculty of
Medicine of the Universidad Autónoma de Nuevo León, who wasn’t engaged to this study.
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Variables of the study
We designate three groups: ACTEN®, hyaluronic acid and platelet-rich plasma. The
group 1 (ACTEN®) received a single dose of saline solution (5 ml) as a placebo, and a 23 g
dose of ACTEN® orally, daily, for a 24-week period. The group 2 (hyaluronic acid)
received a single dose of hyaluronic acid (5 ml) and a 23 g dose of chlorophyll as a
placebo. The group 3 (platelet-rich plasma) received a single dose of platelet-rich plasma (3
ml) and a 23 g dose of chlorophyll as a placebo. The ACTEN® and chlorophyll were
changed to a metallic-like plastic bag and the syringes of saline solution and hyaluronic
acid or platelet-rich plasma were delivered personally to the doctor working in the
infiltrations of the knee.
Infiltration technique
All the infiltrations were made by the same 4th year resident of Orthopedics and
Traumatology. Patients were laid down in prone positions, asepsis and antisepsis were
made with iodopovidone 8% and alcohol 95% in the area of work for 5 minutes each one,
then a sterile field was used to delimitate the working area. Patients were infiltrated with 3
ml of lidocaine (20 mg/ml) for anesthesia. The external suprapatellar technique was used in
102 (96.2%) patients and the external subrotulian technique was used in 4 (3.7%), chosen
by convenience of the 4th year resident. After finishing the infiltration, the area was covered
with a band-aid and a flexion of the knee was made. Prophylactic antibiotics were not
administered.
Outcome measurements
Demographic characteristics (age, biological sex, wight, height and BMI), Kellgren
– Lawrence classification, affected knee and comorbidities were addressed and collected.
We used the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC),
SF-12 and VAS scale in the baseline, in the 4, 12 and 24 weeks.
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The primary objective was the WOMAC scale in the 24 weeks follow up compared to the
baseline. The secondary objectives were the VAS and the SF-12 scale in the 24 weeks
follow up compared to the baseline. WOMAC scale was the 3.1 version (0-96). SF-12 scale
was the 2 version (physical and mental). The VAS scale was the lineal one (0-10).
Statistical analysis
The sample size of the study was calculated using an adjusted mean estimation
formula in two populations, with an expected decrease of 60 ± 15 points for WOMAC in
group 1 (ACTEN®) against 50 ± 10 points in the rest. of the treatments, with a power of
80% and a two-tailed significance level of 5%, at least 29 patients were required per
treatment group.
Statistical analysis was performed on the IBM SPSS version 25 package (Armonk,
NY; IBM Corp.). The main characteristics of the population were described. Categorical
variables were reported in frequencies and percentages. Continuous variables were
described as means ± standard deviation (SD) or median (interquartile range), after
assessing the normality of the distribution of the data with the Kolmogórov-Smirnov test.
Intra-group comparisons of the change in the scores of the scales evaluated through the
different evaluations were performed with the Wilcoxon test. For intergroup comparisons,
the deltas (Δ) of the differences of each measurement with respect to the baseline scores
were calculated and compared with the Kruskal-Wallis test. Post hoc analysis with
Bonferroni correction was performed to identify significant differences between
measurements over time or between groups. A value of p <0.05 was considered as
statistically significant.
Results
During the recruitment period from October 2017 to November 2019, a total of 301
patients were scheduled to evaluate the clinical and radiographic criteria. However, 190
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patients were ineligible (78 patients: Hb1Ac > 7, 34 patients: BP >120/>80, 32 patients:
Kellgren – Lawrence grade I or IV, 31 patients: received steroid therapy in the 9 months
prior, 10 patients: received glucosamine or chondroitin therapy in the past 6 months and 5
patients had cancer in the past 5 years) and 3 patients declined to participate in the study. A
total of 108 patients were scheduled to undergo the study into the three groups: Group 1:
n=36, group 2: n=36, and group 3: n=36. No patients were lost or excluded during the
follow up. FIGURE 1.
Patients demographics
No differences were observed for any demographic or clinical outcome variable.
The baseline characteristics included age, biological sex, height, weight, BMI, Kellgren –
Lawrence grade and knee. The baseline score of the three groups had no statistically
significant difference.
The mean age was 57 (53 – 65) years. Twenty-six patients (24.1%) were men and
eighty-two (75.9%) women. The mean body mass index was 30.9 ± 5.4 kg/m2, classifying
the majority of the patients as grade I obesity. Forty-six (42.6%) patients were grade II
according to the Kellgren – Lawrence scale and sixty-two (57.4%) grade III. Forty-five
(41.7%) had more pain in the right knee and sixty-three (58.3%) in the left knee. TABLE 1.
Primary and secondary outcomes
A comparation of the score of the WOMAC scale (baseline, 4, 12 and 24 weeks)
was made. In the three groups (ACTEN®, HA and PRP) a diminish of the score was found
during the 24-week follow-up, reporting a median diminish of 84 to 15 points in the group
1 (ACTEN®) (p < 0.001), from 86 to 41 points in the group 2 (HA) (p < 0.001), and from
84.5 to 38.5 in the group 3 (PRP) (p < 0.001). TABLE 2. After a post-hoc analysis, we
found differences between the scores on the 4, 12 and 24 weeks compared with the baseline
evaluation in the three lines (p<0.001).
When compared the pain level reported by the visual analogue scale, we found a
significant diminish in the three groups, with a median of 8 to 1 points in the group 1
(ACTEN®) (p<0.001), 8 to 2 in the group 2 (HA) (p<0.001) and 8 to 1.5 in the third group
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(PRP) (p<0.001) TABLE 3. After the post-hoc analysis, the diminish of the pain was
significantly less in each of the evaluations (4, 12 and 24 weeks) compared with the
baseline score (p<0.05).
After calculation the Δ of change in the WOMAC scale on the scores of the 4, 12 and 24
weeks compared with the baseline, we found a diminish of 23.5, 15.5 and 15 points in the
4th week; 50, 32.5 and 31 at the 12th week; and 68, 46 and 46.5 at the 24th week follow-up
in the groups (ACTEN®, HA and PRP, respectively) (p<0.001). Furthermore, the
ACTEN® group had minor WOMAC scores compared with the patients treated with
hyaluronic acid and platelet-rich plasma (p<0.001) TABLE 4. FIGURE 2.
The diminish of the pain reported with the VAS scale at the follow-up was
significantly different between the groups, finding lower scores in the patients treated with
ACTEN® compared with those treated with HA at the 4, 12 and 24 weeks (p=0.016,
p<0.002 and p<0.001, respectively) and those treated with PRP at the 12 weeks (p=0.0031).
Also, we found a lower score in the PRP group compared with HA group in the 12
week follow-up (p=0.031).
Complications and adverse events related to the technique or use of drugs
No adverse event occurred during the follow-up period related to the use of drugs.
Three (2.7%) cases of pain in the infiltration site for 3 days or more occurred. The three
cases were: two in the hyaluronic acid group and one in the ACTEN® group.
Discussion
The use of viscosupplementation in knee OA is extensive and fraught with
heterogeneous trials with conflicting conclusions. Closer examination reveals that the
evidence around viscosupplementation favors clinically important reductions in pain among
higher-molecular-weight and cross-linked formulations and is a safe option in patients with
knee osteoarthritis [12]. There are two types of viscosupplementation hyaluronates and
hylan. Hyaluronates are sodium hyaluronate and can be considered a drug as its mechanism
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of action is described mainly through a pharmacological mechanism stimulating the
endogenous synthesis of HA, which explains the prolonged duration of action. Sodium

hyaluronate is also degraded by free radical enzymes and mechanical wear.
Hydrolysis products are eliminated through the lymphatic vessels and metabolized by the
liver, behaving as a drug at a pharmacokinetic and pharmacodynamic level. Hylan is
considered an intra-articular implant since its mechanism of action is mainly through a
physical mechanism. However, the mechanism of action of these products is not completely
clear, having three main origins: the first is obtained through tissue engineering from
bacterial origin extracted from the streptococcus membrane, treated and purified for human
use [13]. The molecular weight of this compound varies between 1-2 million Da (daltons).
The second is of avian origin. Hyaluronate is extracted from rooster combs, it is processed,
and purified, and then molecular weight is increased to 4-6 million Da through molecular
crosslinking. Finally, there are hyaluronates of synthetic origin. HA has a mechanical effect
by blocking afferent nerve endings of the synovial membrane which are influenced by the
viscoelasticity of the hyaluronic matrix, which reduces pain. By means of
viscosupplementation, the production of IL-1 and other mediators of inflammation
decreased. Likewise, the production of metalloproteases that degrade the articular cartilage
decreased. There are diverse commercial presentations to apply a weekly 2-3 ml dose
during 3, 4 and 5 weeks according to the molecular weight, and there are presentations of
6 ml for a single application. As for adverse effects, although they have a good safety and
tolerance profile, pain, swelling and effusion may occur in the infiltration area, known as
temporary arthralgia, although some cases of pseudogout arthritis due to deposition of
calcium pyrophosphate crystals have also been reported [13][14].
PRP arises, a preparation that concentrates a higher number of platelets than normal
blood values. Platelets are enucleated cells traditionally characterized as main actors of the
process of hemostasis, which is mediated by the release of proteins during its activation.
These cells contain different intracellular structures such as glycogen, lysosomes, and
granules (dense and alpha), to name a few. PRP can be obtained and prepared from an
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individual's peripheral venous blood, through one or two subsequent centrifugation steps
and with the use of basic laboratory materials or equipment. It was first applied in dentistry,

in maxillofacial surgery and dental implants [15]. PRP is an effective intervention in
treating knee OA without increased risk of adverse events [16]. A single administration of
high volume pure PRP provided significant clinical benefit for 84.2% of the responders,
three months after the procedure. The KOOS total score significantly increased from 43.5 ±
14.3 to 66.4 ± 21.7 six months after the procedure (p < 0.001). Pain also significantly
decreased from 37.5 ± 25.1 to 12.9 ± 20.9 (p < 0.001) and no difference was observed on
MRI parameters [17]. There are so many and such varied uses that detractors attribute this
great variety of clinical applications and therapeutic benefits more to a commercial benefit
than to the true effect on their "regenerative" capacity. The fact that platelets secrete growth
factors and active metabolites leads us to believe that their use can have a positive influence
in clinical cases that require rapid healing and tissue regeneration.
Advocates of this technique maintain that growth factors stimulate the synthesis of
proteoglycans, aggrecans and type II collagen by chondrocytes; induce synoviocyte
proliferation; reduce catabolic effects of cytokines, such as interleukin-1 (IL-1) and
extracellular matrix metalloproteases (MMP); and the fact that it is an autologous
preparation exempts it from harmful effects on joint tissues of patients [13][14]. Among
controversial issues regarding PRP, the lack of consensus on the exact composition stands
out. Another frequent inconsistency is the composition of PRP and the heterogeneity of
available techniques for its preparation. Several commercial presentations can vary
significantly in the number of platelets, leukocytes and erythrocytes. Despite the various
techniques available, patients’ blood is collected in tubes with anticoagulant and is
immediately centrifuged. This initial centrifugation separates red blood cells from plasma.
Separated plasma may contain various concentrations of platelets with or without white
blood cells. The platelets contained in this plasma can be further activated using thrombin,
calcium chloride, calcium gluconate, freezing, and thawing, and this is subsequently
applied to the area of injury as an infiltration while still liquid [18]. This type of treatment
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can be carried out as a minimally invasive, outpatient treatment, providing a preparation
directly to the area of injury with an immediate release of growth factors. In addition, PRP
is reported to stimulate the migration and differentiation of human subchondral progenitor
cells, as well as their ability to induce the production of proteoglycans and type II collagen
in the formed extracellular matrix.
The collagen as nutritional supplement has been investigated for the treatment of
patients with OA and other types of joint pain. Experimental studies with bovine cartilage
and cell cultures have shown that the administration of hydrolyzed collagen peptides
increases type II collagen synthesis by chondrocytes [19]. Moskowitz et al., [18] treated
52 patients with four treatments: 24 women and 28 men, with a mean age of 56 years old.
During the study, patients were allowed to continue to use the analgesics or antiinflammatory agents that they used to treat their symptoms before the study, but
maintaining a stable dose throughout their participation. All three collagen preparations
were significantly superior to egg albumin in reducing pain from the baseline. No
statistically significant differences were observed among the other three treatment regimes.
Side effects included mainly "an uncomfortable heaviness in the stomach." At the end of
the test cycle with any of the collagen-containing preparations, analgesic consumption was
significantly reduced compared to consumption before treatment, in contrast to the group in
which egg albumin was used. No radiological changes were observed during the study
period. Laboratory tests indicated no changes in erythrocyte sedimentation rate, liver
function studies, or antibody titers to the three types of collagen [3] and the authors
suggested that collagen has a direct analgesic effect or that collagen administration provides
a source of amino acids that act to improve matrix structure. Although this study describes
an effect of collagen in OA pain, factors such as variation in the degree of disease
progression at the time of inclusion in the study, the inclusion of hips and knees as joints to
be analyzed, the use of a not widely used outcome measurement scale, and a significant
dropout rate represent caveats in the interpretation of research results [20].
In another study [21], 10 g of Gelita Sol D was administered daily to more than
100 patients for periods from 1 to 6 months. Subjects receiving the hydrolyzed collagen had
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significantly higher plasma levels of hydroxyproline and major component of collagen than
those in the placebo group. Although these studies were open-label trials, and this means
there is a limited level of scientific evidence, we can observe the high degree of safety of
use with a dose of 10 g per day of pharmaceutical grade hydrolyzed collagen. In summary,
evidence suggests that the daily intake of 10 g of pharmaceutical grade hydrolyzed collagen
reduces pain in patients with hip and knee OA. This beneficial effect is achieved by
increasing collagen synthesis in joints and cartilage. Similarly, the daily intake of 10 g of
pharmaceutical grade hydrolyzed collagen has increased the concentration of
hydroxyproline in blood. No significant adverse effects were observed with long-term use
of pharmaceutical grade hydrolyzed collagen. Consequently, if pharmaceutical grade
hydrolyzed collagen could show to be highly effective in OA pain, this together with its
safety profile would make it a feasible therapeutic option in the treatment of OA.
The intake of hydrolyzed collagen has been associated with pain relief and increased
function in patients with OA, it has been suggested to use pharmaceutical grade hydrolyzed
collagen as a modifying agent in the treatment of OA, based on the mechanisms of action
of collagen as a tissue stimulant. A recent study was designed to assess whether the
metabolism of proline as a component of pharmaceutical grade hydrolyzed collagen
differed from metabolism of free proline with respect to cartilage location, which provides
additional information supporting a favorable action of collagen in the cartilage matrix
[3][18].
Luo et al., [22] performed a meta-analysis to determine whether PRP was better than
HA for the treatment of knee OA in overweight or obese patients. Ten randomized
controlled trials (RCTs) including 1,096 patients. During the first two months of follow-up,
there was no significant difference between the two groups but at the 3rd, 6th, and 12th
months of follow-up, PRP was better than HA. For short-term follow-up (≤1 year), intraarticular PRP injection is more effective in terms of pain relief and function improvement
in the treatment of KOA patients than HA and placebo, and there is no difference in the risk
of an adverse event between PRP and HA or placebo [23]. For Campbell et al., [24] intraarticular PRP is a viable treatment for knee OA and has the potential to lead to symptomatic
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relief for up to 12 months. There appears to be an increased risk of local adverse reactions
after multiple PRP injections. Intra-articular PRP offers better symptomatic relief to
patients with early knee degenerative changes.
Di Martino et al., [25] enrolled 167 patients with chronic symptomatic knee
degenerative changes and osteoarthritis (Kellgren-Lawrence grade 0-3) and randomized to
undergo 3 blinded weekly intra-articular injections of either PRP or HA. Patients were
prospectively evaluated before the injection and then at 2, 6, 12, and 24 months and a mean
of 64 months of follow-up. Both treatments were effective in improving knee functional
status and symptoms over time. IKDC subjective score improved significantly for both PRP
and HA groups (p<0.0005) and remained stable over time up to 24 months. PRP group still
presenting significantly higher values compared with baseline and HA not significant vs
baseline. A comparative analysis showed no significant intergroup difference in any of the
clinical scores at any follow-up point. The median duration of patient subjective perception
of symptomatic relief was 9 months for HA and 12 months for PRP. PRP did not provide
an overall superior clinical improvement compared with HA in terms of either
symptomatic-functional improvement at different follow-up points or effect duration.
Filardo et al, [26] included 192 patients with unilateral symptomatic knee with
chronic pain (at least 4 months) or swelling and imaging findings of degenerative changes
(Kellgren-Lawrence score of 0-3 at radiographs or MRI evidence of degenerative
chondropathy). Patients underwent 3 weekly intra-articular injections of either PRP or HA.
Patients were prospectively evaluated at baseline and then at 2, 6, and 12 months of followup using the IKDC subjective score), KOOS, EuroQol visual analog scale and Tegner
score. Range of motion, transpatellar circumference, patient satisfaction, and adverse events
were also recorded. Two patients reported severe pain and swelling after HA injections,
while no major adverse events were noted in the PRP group. However, PRP presented
overall significantly more postinjection swelling and pain. Both treatments proved to be
effective in improving knee functional status and reducing symptoms with the IKDC score
in the PRP group (p<0.0005) and in the HA group (p<0.0005). The comparative analysis of
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the 2 treatments showed no significant intergroup difference at any follow-up evaluation in
any of the clinical scores adopted.
Fucoidan is a generic term for a class of molecules, which are a class of
polysaccharides composed of a main chain of fucose, specifically fucopyranose and natural

sulfate, which are found only in brown algae (echinoderms) and account for more than 40%
of the dry weight of cell walls of algae. They have a wide spectrum of activity in biological
systems. Its main function is to form a gel network to protect the floating structures of algae
from drying out as they are exposed to the air while their root and much of the stem are
submerged in seawater [27]. Fucoidan can be used in cosmetics, functional foods, dietary
supplements, and in pet, livestock and aquaculture food supplements. To date, fucoidan has
not been developed as a regulated therapeutic product yet. To become a regulated product,
the source of fucoidan must be defined and its extraction technique and process must be
single and reproducible. It also requires that the harvest and cultivation be of a single type
of algae and that this process be sustainable, clean and regulated. Another limitation is
costs, since costs generated by obtaining and processing the raw material from which
fucoidan is extracted are high, while yield is low. However, research on the use of
fucoidan, specifically the one extracted from Fucus vesiculosus, has recently gained interest
due to its biological activities and potential medical applications [28] from the coasts of
North America and North Atlantic countries in the North Atlantic Ocean.
Animal models of collagen-induced arthritis showed that orally administered
fucoidan successfully inhibited pain [29]. One of the physio-pathological components of
great importance in the etiology of pain and inflammation in osteoarthrosis is the one
associated with selective blocking of the migration and accumulation of neutrophils to the
joint and the release of inflammatory mediators. This is related to its action on adhesion
molecules found in platelets (P-selectins), and leukocytes (L-selectins), which theoretically
prevents the passage of inflammatory cells into tissue spaces, attenuating inflammation.
Carvalho et al., [27] demonstrated the effect of fucoidan to inhibit neutrophil infiltration
and reduce levels of pro-inflammatory cytokines and the symptoms of OA were inhibited
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by 52% during 12 weeks of oral administration. There was no reduction of TNF-alpha as a
marker of inflammation, but an accompanying study in healthy volunteers showed a
reduction of Interleukin-6, a marker of chronic inflammation. In an injection-induced
arthritis model of zymosanÒ, a carbohydrate used to induce sterile inflammation
experimentally, in knees of rats, administration of a fucoidan (F. vesiculosus) preparation
administered at intraperitoneal doses of 15, 30, 50 mg/kg, 1 hour after the induction of joint
inflammation significantly reduced cell migration. The dose of 30 mg/kg also improved the
loss of glycosaminoglycans caused by zymosanÒ.
A small clinical study [28] explored the use of a preparation of fucoidan, from F.
vesiculosus (85% w/w), Macrocystis pyrifera (10% w/w) and Laminaria japonica (5%
w/w), in 12 subjects with OA were randomly allocated to take either 100 mg or 1,000 mg
capsules (75 mg or 750 mg fucoidan) orally for 12 weeks. There was a dose-response
improvement in the subjects, the lower dose reduced the average score by 18%, while the
higher dose improved the score by 52%. They found also a reduction of leukotriene B4 and
prostaglandin E2. The reduction of mediators of inflammation was associated with a
reduction of joint pain. Predominant cells related to the inflammatory process induced in
the ankle were granulocytes, not lymphocytes. The injection of fucoidan (10 mg/kg)
reduced interactions between leukocytes and endothelial cells, and the number of cells
decreased by approximately 60% [30].
Intra-articular collagen injection with CHondroGrid (CG) a hydrolyzed (<3 kDa)
bovine collagen injectable formulation was injected in 70 patients affected by Kellgren
Lawrence grade 1 to 4 knee OA and BMI<30 were treated by administering three CG
injections and were followed up for six months after the last administration. At the last
follow-up, showed a 50% reduction in their median Lequesne score, a 50% reduction in
their VAS score at rest and moving, and a ≥50% reduction for all other scores under
consideration [31]. De Luca et al., [32] records of 20 patients affected by Kellgren
Lawrence grade 1 to 4 knee osteoarthritis who received three 4mg/2mL ChondroGrid
injections (bovine hydrolyzed <3 kDa type I collagen) 2 weeks apart were then
retrospectively assessed to compare VAS, Lequesne, and WOMAC scores collected before
and 15, 45, and 225 days after the first injection. ChondroGrid had no effects on the
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markers under consideration, but induced type-II and inhibited type-I collagen deposition;
the Bern score was higher when cells were cultured with ChondroGrid. Patients
experienced a 44% Lequesne score and a 55% VAS at moving score reduction. All other
scores decreased >70%. ChondroGrid may prompt chondrocytes to produce hyaline
cartilage, prevent fibrous tissue formation, and be a safe and effective adjuvant to treat
symptomatic knee osteoarthritis.
Comblain et al., [33] demonstrated that a mixture of curcuminoids extract,
hydrolyzed collagen and green tea extract (COT) inhibited inflammatory and catabolic
mediator's synthesis by osteoarthritic human chondrocytes. The combination of the three
compounds was significantly more efficient to inhibit interleukin-1β stimulated matrix
metalloproteinase-3 expression than curcuminoids extract alone. In interleukin-1βstimulated human chondrocytes, nitric oxide, interleukin-6 and matrix MMP-3 productions
were significantly reduced by curcuminoids extract alone or in combination with
hydrolyzed collagen and green tea extract [19]. The COT mixture has beneficial effect on
OA physiopathology by regulating the synthesis of key catabolic, inflammatory and
angiogenesis factors. These findings give a scientific rationale for the use of these natural
ingredients in the management of osteoarthritis.
Limitations of our study: the groups cannot be completely blind since in one of them
blood is drawn and in two others it is not. It would be necessary to continue the study for a
longer time to know if there are changes in the image; ultrasonography or MRI could be
useful for the evaluation, but it complicates the control of these patients. On the other hand,
they are not exclusive treatments, so the combination of intra-articular injection of HA or
PRP with oral treatment of hydrolyzed collagen should be tried.
Conclusion
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Assesed for elegibility
(n=301)

Excluded (n=190)
-78: Hb1Ac >7
-34: BP >120/80
-32: KL I or IV
-31: steroid use
-10: glucosamine / chondroitine
-5: cancer

Randomized
(n=108)

Group 1 (ACTEN)
(n=36)

Group 2 hyaluronic acid
(n=36)

Group 3 platelet-rich
plasma
(n=36)

FIGURE 1: Flow diagram of the inclusion and exclusion of the patients’ involved in the
study.
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Demographics
Sex n (%)
Male

26 (24.1%)

Female

82 (75.9%)

Age

57 (53-65)

BMI n (SD)

30.9 ± 5.4

Kellgren-Lawrance scale n (%)
II

46 (42.6%)

III

62 (57.4%)

Knee affected n (%)
Right

45 (41.7%)

Left

63 (58.3%)

TABLE 1: Demographic aspects of the patients.
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WOMAC scale
Group

Baseline

4 weeks

12 weeks

24 weeks

p

ACTEN®

84 (82-88)

59.5 (57.2-64.7)

37 (33-39)

15 (12-18)

<0.001

HA

86 (82.2-89)

68.5 (64-72)

53 (50-57)

41 (39-43)

<0.001

PRP

84.5 (82-89)

70 (67.2-73)

54 (51.2-57.7)

38.5 (34-42)

<0.001

TABLE 2: WOMAC scores of the three groups in the different weeks of the follow-up.

VAS scale

Group

Baseline

4 weeks

12 weeks

24 weeks

p

ACTEN®

8 (7.2-9)

6 (5-6)

3 (2-4)

1 (0-2)

<0.001

HA

8 (7-9)

6 (5-7)

5 (4-5)

2 (2-3)

<0.001

PRP

8 (7-9)

6 (5-7)

3 (3-5)

1.5 (1-2)

<0.001

TABLE 3: VAS scores of the three groups in the different weeks of the follow-up.

Efficacy of a new oral therapy compared with intraarticular treatments for
the diminish of knee osteoarthritis symptomatology, mid-term results.

22

24-week follow-up compared to baseline of the WOMAC and VAS scales

ACTEN

HA

PRP

p

WOMAC

68 (65 - 72.7)

46 (41 - 47.7)

46.5 (43 - 52.5)

<0.001

VAS

7 (6 - 8)

6 (4.2 - 7)

6 (5 - 8)

<0.001

TABLE 4: WOMAC and VAS scores of the three groups in the 24-week follow-up
compared with baseline.
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GROUP

weeks

weeks

weeks

Follow -up
FIGURE 2: WOMAC scores of the three groups during the complete follow-up compared
with baseline scores.
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