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Simple Summary: Terpenes are emerging as a new complementary therapy for several chronic
diseases, but their effects on inflammatory cytokines are not fully clear. The aim of this study was to
deepen the understanding of how a hemp seed oil and terpene-based dietary supplement modifies
blood cytokine levels in a population of patients suffering from knee osteoarthritis, in comparison
with a similar one containing hemp seed oil only. A total of 38 patients were selected using specific
criteria and subsequently divided into two subgroups of 19 patients each that underwent a 45-day
treatment with these two different dietary supplements. Blood samples were taken immediately
before and after this therapy. The group which received hemp seed oil and terpenes had a significant
rise in their IL-6 levels and a significant decrease in their IL-1β levels. These blood changes could be
the biochemical basis on which to build an anti-inflammatory action at the joint level, consequently
opening up new scenarios to follow in the integrative therapies of osteoarthritis.

Abstract: Background: Hemp seed oil and terpenes are emerging as a dietary supplement and com-
plementary therapy for patients suffering from knee osteoarthritis (KOA). However, the mechanisms
and effects induced by these molecules on inflammatory cytokines are not yet fully understood. The
aim of this study was to evaluate the changes in the cytokine IL-1β, IL-1α, IL-2, IL-6, and TNF-α levels
from two oral hemp seed oil-based dietary supplements, of which only one included the addition of
terpenes, in a population of KOA patients. Methods: Sera from venous blood samples were collected
from thirty-eight patients who were divided into two subgroups. The control group underwent a
45-day treatment with a dietary supplement containing only hemp seed oil, while the treatment
group assumed a hemp seed oil and terpene-based dietary supplement for the same number of days.
A Bio-Plex Human Cytokine assay was performed by a customized human cytokine five-plex panel
for IL-1β, IL-1α, IL-2, IL-6, and TNF-α. Patients were evaluated before the beginning of the treatment
(T0) and soon after it (T1). Results: No measurable levels of IL-2 and TNF-α were found in any of
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the subjects. Low levels of IL-1β were found, which were significantly decreased in the treatment
group. No change in IL-1α levels was observed, while treated patients had a significant increase in
IL-6 levels. Conclusions: Hemp seed oil and terpene treatment modified the IL-1β and IL-6 levels,
counteracting KOA inflammation in this way. In this study, IL-6 revealed its new and alternative
action, since it is traditionally known as a pro-inflammatory factor, but it recently has been found to
have anti-inflammatory activity in the muscle-derived form, which is the one it assumes as a myokine
when activated by terpenes.

Keywords: IL-6; myokines; osteoarthritis of the knee; dietary supplement; nutraceuticals; hemp seed oil;
terpenes

1. Introduction

Knee osteoarthritis (KOA) is one of the most common degenerative diseases causing
disability in elderly patients [1] and, in recent years, this condition has been increasing in
younger subjects aged 45 to 70 years [2]. It is a chronic joint disease [3] caused by the slow
degradation of articular cartilage that, over time, leads to severe forms of joint deformity
and pain, with consequent functional impairment [4]. KOA remains, nowadays, the greatest
challenge in the field of osteoarthritis, with a high morbidity load and unavailable definitive
solutions in terms of treatments [5], heavily affecting health care costs all around the world,
especially in the most industrialized countries’ populations [6]. Early symptomatic cases
should be promptly diagnosed in order to intervene with proper management, including
structured education, therapeutic exercise, weight management, and dealing with lifestyle-
related risk factors to slow the progression of the disease [7]. Many factors have been
involved in the development of KOA, including cytokines and soluble mediators, and it
is feasible that therapies able to modulate these factors could be effective in the treatment
of KOA [8,9]. This is the reason why it is necessary to focus on certain molecules that
can appropriately manage and modify inflammatory cytokine levels in the blood of some
affected patients.

Recently, the use of nutraceuticals has been gaining popularity in health condition
improvement, preventing chronic diseases, delaying aging, and supporting many body
functions [10]. Several studies have already shown the potential role of nutraceuticals
in the treatment of pathological conditions in bone and soft tissues, such as articular
cartilage. These studies have now proven that polyunsaturated fatty acids (n-3 PUFAs)
are able to counteract the onset and the progression of osteoarthritis (OA) by reducing
bone and cartilage destruction, inhibiting proinflammatory cytokines release, reactive
oxygen species (ROS) generation, and the nuclear factor kappa-light-chain-enhancing
of the activated B cells (NF-kB) pathway’s activation by reducing bone and cartilage
destruction, inhibiting proinflammatory cytokines release, reactive oxygen species (ROS)
generation, and the nuclear factor kappa-light-chain-enhancer of the activated B cells
(NF-kB) pathway’s activation [11].

Since the Cannabis Sativa plant has been used for a long time for medical and recre-
ational purposes and has been shown to be effective in several diseases such as pain,
epilepsy, sickness, and vomiting and psychiatric conditions such as anxiety disorders
and post-traumatic stress [12–14], scientists decided to learn more about its individual
components. Among the 550 chemical compounds already found in cannabis, more than
100 phytocannabinoids were identified, including D9-tetrahydrocannabinol (D9-THC) and
cannabidiol (CBD) [15] which have recently shown interesting pain-relieving properties
in preclinical and clinical studies, both in animals and in humans [16,17]. Cannabis also
contains aromatic terpenes, which are natural molecules of great interest for their ther-
apeutic benefits in the management of chronic diseases. Terpenes are cyclic or alicyclic
hydrocarbons whose structure consists of an even number of isoprene units bound together
in a characteristic manner [18]; terpenes are widely found in essential oils and natural
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resins and are broadly used in the pharmaceutical and chemical industries [19]. In recent
years, the international scientific community has been devoted to the in-depth research of
each individual terpene in order to find their respective possible therapeutic applications
and, to date, many of these substances already have countless uses in the management of
several conditions. Among the most studied terpenes are α- and β-pinene, mainly used
as antibiotic resistance modulators, anticoagulants, and antitumoral and antimicrobial
agents [20]; limonene, which is known for its neuroprotective potential even in severe
and widespread diseases such as multiple sclerosis, Alzheimer’s disease, and stroke [21];
α-terpinene, with its anti-parasitic effect against major pathogens, such as Plasmodium
falciparum, Leishmania spp., Trypanosoma spp., and Trichomonas vaginalis, due to its
anti-histamine and anti-acetylcholinesterase activity [22]; and sesquiterpene valencene [23]
and particularly, β-caryophyllene (BCP) and β-Myrcene, for their in vivo and in silico
anti-inflammatory properties [24]. BCP is a bicyclic sesquiterpene widely distributed in
the plant kingdom [25] that demonstrated selective action on the CB2 endocannabinoid
receptor (CB2 receptor) and attracted considerable attention because of its several pharma-
cological activities, low toxicity, and safety profile [26]. On the other hand, β-Myrcene is a
natural phytochemical monoterpene that possesses potent anti-inflammatory activity; it
is already widely used in the treatment of inflammatory bowel diseases (IBDs) [27] and
for protecting the liver against acetaminophen-induced injury by reducing oxidative stress
and the inflammatory response [28].

Both BCP and β-Myrcene represent a new therapeutic opportunity for pain treat-
ment [19] and have been shown to be promising in improving knee joint function in
patients affected by local osteoarthritis [29]. While their clinical beneficial effects have
previously been shown, the mechanisms and specifically the biochemical actions of BCP
and β-Myrcene oral administration still remain unclear. Therefore, the aim of this study
is to analyze how inflammatory cytokine {interleukin-1α (IL-1α), interleukin-1β (IL-1β),
interleukin-2 (IL-2), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α)} serum levels
change when two regimens of oral hemp seed oil-based dietary supplements, of which
only one includes the addition of terpenes (BCP and β-Myrcene), are administered in a
population of KOA patients.

2. Materials and Methods

Our study is a double-blind prospective cohort study, and it was conducted between
March and August 2022.

Thirty-eight patients with monolateral KOA and who fulfilled specific enrollment
criteria were enrolled. The patients were then divided into two groups, the control group
and the treatment group, consisting of nineteen subjects each.

The inclusion criteria were: patients had to be aged between 45 and 70 years; they had
to be affected by KOA according to the American College of Rheumatology criteria; only
patients with a Numeric Rating Scale (NRS) ≥ 4 at the enrollment time and in the previous
15 days were included; they had to have a well-documented KOA grade II-III according
to the Kellgren–Lawrence scale; only patients who were able to understand the aim of the
study, the possible side effects, and were able to provide informed consent were enrolled.
The exclusion criteria were the following: patients presenting any local complications at
knee level (e.g., hematoma or swollen joint and knee deformation); knee pain due to trauma
(on the examination day or during the previous three months); patients affected by any
other medical pathology that could potentially interfere with the outcome of the study
(e.g., rheumatological diseases such as rheumatoid arthritis, systemic lupus erythematosus,
ankylosing spondylitis, and metabolic inflammatory arthropathy); patients who under-
went local drug infiltration (including corticosteroids, prolotherapy, viscosupplementation,
platelet-rich plasma, polynucleotides, and/or stem cells) or physiotherapy within the pre-
vious 45 days (including both therapeutic exercises and any physical therapy); patients
who assumed any other treatment in the previous 15 days before the enrollment such
as non-steroidal anti-inflammatory drugs (FANS), analgesics, or steroids were excluded



Biology 2023, 12, 1061 4 of 12

from the study due to the risk of interfering with the outcome; patients who assumed any
type of slow-acting drugs or dietary supplements in the previous three months before
the enrollment were excluded; patients with contraindications to acetaminophen were
not allowed in the study; systemic medical conditions which contraindicate nutraceuti-
cal assumption (e.g., kidney or liver failure, cardiovascular disease not well controlled,
and/or inflammatory bowel diseases such as Crohn’s disease, ulcerative rectocolitis, and
irritable bowel syndrome); moreover, pregnant or breastfeeding women were excluded;
pre-menopausal women without contraception; and patients who participated in any other
clinical trials within the previous three months before the enrollment.

At the time of enrollment (T0), the medical history and informed consent were col-
lected. All patients were subjected to a standardized physical examination and knee X-ray
evaluation. Then, their Body Mass Index (BMI) was calculated according to the formula:
weight (Kg)/height (m2) after the detection of their weight and height. On the same day,
all patients were subjected to a blood draw to dose the following serum inflammatory
cytokines: IL-1α, IL-1β, IL-2, IL-6, and TNF-α. The serum sample cytokine assay was
measured by using a customized Bio-Plex Pro Human Cytokine 5-plex assay (IL-1β, IL-1α,
IL-2, IL-6, and TNF-α) (CAT#12015899, Biorad Laboratories, Hercules, CA, USA). The assay
was carried out according to the manufacturer’s instructions and analyzed by the Bio-Plex
200 system and Bio-Plex Manager software v. 6.1.1 (Biorad Laboratories, USA).

All thirty-eight patients underwent 45 days of treatment.
Specifically, patients belonging to the control group underwent a 45-day treatment with

a hemp seed oil-based dietary supplement (without cannabinoids), in a soft gel format. They
took one capsule at lunch and one capsule at dinner (main meals) for a total of two soft gel
capsules per day. On the other hand, patients belonging to the treatment group underwent
a 45-day treatment with a hemp seed oil-based dietary supplement also containing terpenes,
β-caryophyllene and β-myrcene specifically (still without cannabinoids). They also took
one capsule at lunch and one capsule at dinner (main meals) for a total of two soft gel
capsules per day. The hemp seed oil contained in both dietary supplements was composed
mainly of linoleic (55.90%), gamma Linolenic (19.10%), and oleic (9.30%) acids.

The design of the study can be considered a double-blind study because both the
patients and the investigators who evaluated them did not know which of the two dietary
supplements had been administrated; this was made possible by the fact that both supple-
ments had the same confection and were, therefore, not recognizable. For this reason, the
distribution of the dietary supplements was handled by a third investigator.

Each patient was provided with a dedicated diary to record the intake of any other
medical drugs during the 45-day treatment period. For pain management, paracetamol (up
to a maximum of 3000 mg/day) was allowed. All the diaries were collected at the end of
the treatment (T1).

At T1, 45 days after T0, all patients underwent a new blood draw in order to compare
the blood chemistry profiles between the two groups.

No patients reported any side effects of the therapy.
All the necessary information was given to the patients during the first medical

examination. On the same occasion, the written informed consents were collected. All the
performed procedures were carried out in accordance with the Helsinki Declaration (2016)
of the World Medical Association; the study was approved by the Ethics Committee of
Albania University, Tiran, Albania (Nr. 587 Prot.—Date: 13 December 2021).

Statistical Analysis

The absolute values of the serum cytokines were expressed as nanograms/dL, unless
not available (n.a.). For each group, the mean values and standard mean errors were
calculated. Finally, the percentage (%) variation of cytokine levels between the values
collected at T1 and T0 (expressed as 100%) was calculated. The Student’s t-test was used to
report the significance of variation (p) between the T0 and T1 groups, which were indicated
as not significant (NS), p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***).
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3. Results

The study sample was made up of a total of 38 subjects, of which 19 patients (50.0%) be-
longed to the control group and 19 patients (50.0%) to the treatment one; the characteristics
of the sample, by group, are shown in Table 1.

Table 1. Characteristics of the sample, by group.

Variable Ctrl (n = 19) Treat (n = 19) Total (n = 38) p-Value

Females; n (%) 10 (52.6) 10 (52.6) 20 (52.6) 1.000
Age (years); mean ± SD (range) 59.7 ± 6.6 (47–69) 54.5 ± 4.6 (48–65) 57.1 ± 6.2 (47–69) 0.008

BMI; mean ± SD (range) 27.9 ± 3.8 (20.4–33.4) 29.6 ± 6.3 (20.0–49.3) 28.7 ± 5.2 (20.0–49.3) 0.376

Ctrl = control group; treat = treatment group; BMI = body mass index; SD = standard deviation; and n = number.

In all subjects, the Bio-Plex Pro Human Cytokine 5-plex assay (IL-1β, IL-1α, IL-2, IL-6,
and TNF-α) did not find measurable levels of IL-2 and TNF-α. Only IL-1β, IL-1α, and IL-6
were detected by the Bio-Plex Pro Human Cytokine 5-plex assay. The IL-1β levels were low
in all subjects and treated patients, a significant decrease was observed. IL-1α did not show
relevant modifications. The levels of IL-6 in the control group were not modified, whilst
the treatment group showed a significant increase in IL-6. All the above-mentioned results
are described in Table 2 and Figure 1.

Table 2. The absolute values of serum inflammatory cytokines per group at the detection times.

ng/dL IL-1β IL-1α IL-6 IL-2 TNF-α

Ctrl T0 0.0074 ± 0.0016 0.0711 ± 0.001 0.1417 ± 0.0044 n.a. n.a.

Ctrl T1 0.0050 ± 0.0014 NS 0.0640 ± 0.001 NS 0.1300 ± 0.0038 NS n.a. n.a.

Treat T0 0.0650 ± 0.0026 0.0350 ± 0.001 0.0270 ± 0.0060 n.a. n.a.

Treat T1 0.0159 ± 0.0020 * 0.0541 ± 0.001 NS 0.0742 ± 0.0070 ** n.a. n.a.

IL-1β = interleukin-1β; IL-1α = interleukin-1α; IL-6 = interleukin-6; IL-2 = interleukin-2; TNF-α = tumor necrosis
factor-α; ng/dL = nanograms/deciliters; T0 = time of recruitment; T1 = at the end of the treatment; ctrl = control
group, treat = treatment group; NS = not significant; * = p < 0.05; ** = p < 0.01.
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Only a random analgesic intake emerged from the analysis of the analgesic intake
diaries, which settled on an average of 1.0 g/week per group, with a sporadic and not
significant distribution among the participants. There was a complete absence of side
effects reported.

4. Discussion

These findings show that patients belonging to the treatment group had a significant
change and a global reduction in the expression of pro-inflammatory cytokines compared
to the control group (Table 2, Figure 1).

It is traditionally known that OA pathophysiology is complex and influenced by many
factors that converge in a single disease model of a purely inflammatory nature. The patho-
genesis of OA is therefore based on the action of secreted inflammatory molecules, such as
proinflammatory cytokines, which are the most important mediators of all the processes
implicated in this chronic degenerative disease. In fact, pro-inflammatory cytokines, to-
gether with nitric oxide, prostaglandin E2, and neuropeptides, are responsible for articular
cartilage matrix degeneration. They are produced by the inflamed synovial tissue and upset
the physiological balance between repair and degradation, ensuring catabolic processes
prevail thanks to the action of lytic enzymes which are able to destroy the cartilage [30].
Although, from a clinical point of view, OA presents phases of quiescence and phases of
reactivation, the biochemical mechanisms that underlie it do nothing but smolder, giving
this pathology a chronic degenerative evolution due to the ineluctable inflammation that
modifies the physiological functioning of joint cells, favoring chondrocyte apoptosis and
the activation of macrophages.

This inflammatory process then inevitably extends to the entire joint microenvironment,
leading to the formation of geodes and osteophytes and a reduction in the joint space; swelling,
deformity, and joint pain thus cause a functional limitation that can determine severe forms of
motor disability and can negatively impact the physical and mental wellbeing of the patients,
especially in its advanced stages, which are typically related to old age.

The above description can be valid for all joints, starting with the arthritic knee.
The knee joint, indeed, is certainly the most affected by OA, followed by the hip, hands,
and spine. For this reason, it is also traditionally the most investigated, given that it
may represent the first site of the manifestation of OA itself, even in isolated forms [31].
Although the knee is a joint subjected to a continuous and intense load, and, consequently,
it is more exposed to the risk of joint degeneration in the presence of predisposing factors
such as obesity and reduced muscle tone and strength, it is now also well known that the
OA-related biomechanical factors in this case go strictly hand-in-hand with the biochemical
ones. In a recent review by P. Dainese et al., the association between inflammation (as
measured by effusion, synovitis, baker’s cysts, cytokines, and the C-reactive protein) and
pain in patients with radiographic KOA was investigated [32]. Despite varying results in
terms of the strength of evidence, what emerges is that both imaging tests and blood tests
confirmed the inflammatory nature of KOA, which therefore results in joint pain.

As a result, the modulation of the proinflammatory cytokine profile represents a
possible new target for new OA treatments [33]. The real challenge is to find increasingly
selective and innovative solutions which allow for personalized therapies, amplifying the
benefits and reducing the side effects of the drugs currently used to fight inflammation. In
fact, non-steroidal anti-inflammatory drugs are effective but burdened by side effects such
as an increase in blood pressure, variations in blood sugar, irritation to the gastric mucosa,
and negative changes in the coagulation profile. This imposes severe limitations on their
use and calls for the scientific community to make an effort in the search for effective but
well-tolerable molecules, both topically and systemically. As far as joint injections are
concerned, hyaluronic acid remains a reliable solution with long-lasting effects over time;
nevertheless, regenerative medicine is opening up to new solutions such as platelet-rich
plasma and stem cells, with very encouraging clinical results, and even nanomedicine, an
interdisciplinary discipline which aims to manipulate particles the size of 1–100 nanometers,



Biology 2023, 12, 1061 7 of 12

is studying the possibility of using new bioparticles such as exosomes, dendrimers, micelles,
and lipid vesicles as transports for drug release control [34]. In the near future, this could
avoid excessive infiltration practices, which are minimally invasive procedures that are
poorly tolerated by some patients, especially in the presence of coagulopathies and systemic
diseases that expose them to the risk of infections due to a low white blood cell count. In
this sense, experimenting with natural molecules that can be taken orally and that can
develop an anti-inflammatory power without significant side effects is still an open game
that researchers and clinical physicians are necessarily called upon to play.

This is the reason why this research aimed to deepen the understanding of the effects
of dietary supplements containing hemp seed oil and terpenes in the inflammatory cytokine
expression in a population of KOA patients.

With regard to the IL-2 and TNF-α levels, these were not measurable. This can be
explained by the exclusion criteria which required the absence of systemic chronic inflam-
matory diseases. In fact, many cytokines of the IL-2 family as well as TNF-α have been
reported to be a driving force in immune cell activation and systemic inflammation [35–37].
The enrollment criteria predicted that patients were suffering from monolateral KOA,
which can be considered a district pathology, and that they were not affected by rheuma-
toid arthritis (RA), metabolic inflammatory arthropathy, or any other chronic inflammatory
systemic diseases. In fact, these conditions are associated with a general activation of
several pro-inflammatory cytokines. In a study conducted by Kondo N et al. in 2021,
the role of TNF-α in the pathogenesis of RA was demonstrated and an increased expres-
sion of TNF-α was documented in affected patients, inducing autoimmune arthritis in
transgenic animals [38]. Moreover, the increased serum level of these cytokines in chronic
systemic inflammatory diseases such as vasculitis [39], psoriasis [40], and long COVID-19
syndrome [41] is now clear. This explains why, in our subjects, the Bio-Plex Pro Human
Cytokine 5-plex assay (IL-1β, IL-1α, IL-2, IL-6, and TNF-α) did not find measurable levels
of the pro-inflammatory cytokines IL-2 and TNF-α and low levels of IL-1β.

IL-1β levels decreased between T0 and T1 in both groups, but significantly more in
the treatment group. IL-1 family members are the most highly profiled in OA and have all
been shown to be present in the synovial fluid and subchondral bone of OA patients [42].
IL-1β is also actively involved in the pathogenesis of cartilage loss related to OA [43]. The
low levels of IL-1β induced by the local inflammatory process in KOA [44] were further
reduced by hemp seed oil and terpenes, which therefore demonstrated their synergic
anti-inflammatory action. Terpenes’ healing potential for OA is rapidly being documented.
In a 2021 study, the therapeutic effect of limonin on OA was assessed in chondrocytes
in vitro in IL-1β-induced OA and in the destabilization of the medial meniscus (DMM) mice
in vivo [45]. Similarly, aucubin, a natural compound isolated from Eucommia ulmoides,
inhibits IL-1β-induced chondrocyte apoptosis [46] and morusin ameliorates IL-1β-induced
chondrocyte inflammation and OA via the NF-κB signal pathway [47].

Although further studies are needed to confirm the clinical effectiveness of different
terpenes, there is no doubt that these molecules can now be considered as a complementary
therapy to OA by interfering with IL-1β.

Although a minor increase in its levels could be glimpsed in the treatment group
between T0 and T1, the IL-1α levels did not have any statistically significant modifications
between the two groups at the detection times. Also, these data are in line with the available
literature, since the most recent evidence suggests that the role of IL-1α in OA pathogenesis
is still controversial [48]. However, it seems that an IL-1α increase could have a protective
action for OA patients, though at the moment it is not possible to unequivocally establish
the role of this cytokine in joint inflammatory processes [49].

The particular case of IL-6 caught our attention. Indeed, this interleukin decreased
slightly between T0 and T1 in the control group, while it significantly increased in patients
in the treatment group after 45 days of treatment.

This suggests an unexpected action of the IL-6 cytokine, generally known as a pro-
inflammatory factor, which was recently found to have anti-inflammatory activity in its
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muscle-derived form, which could be induced by hemp seed oil and in particular by
terpenes (Figure 1).

Interestingly, hemp seed oil and terpene treatment increased the levels of IL-6, which
is a cytokine with established pro- and anti-inflammatory action [50]. In classic signaling,
IL-6 induces intracellular signaling pathways after binding to its membrane-bound receptor
(IL-6R) expressed on hepatocytes and certain subpopulations of leukocytes mediated by the
membrane-bound b-receptor glycoprotein 130 (gp130) [51]. In a second pathway, which is called
trans-signaling, IL-6 binds to soluble forms of the IL-6R (sIL-6R), and this agonistic IL-6/sIL-6R
complex can, in principle, activate all cells due to the uniform expression of gp130 [52]. Most
pro-inflammatory roles of IL-6 have been attributed to the trans-signaling pathway, whereas
anti-inflammatory and regenerative signaling is mediated by IL-6 classic signaling.

This double face characteristic of IL-6 can explain its anti/pro-inflammatory activity
in different conditions.

Systemic chronic inflammation involves progressive changes in inflammatory cells and
the coexistence of tissue destruction and repair; it can become pathological because of the
loss of tolerance or because of regulatory processes. Obesity and metabolic syndrome lead to
an inflammatory state that differs from the classical response, with the inflammatory process
being systemic and characterized by a chronic low-intensity reaction [53,54]. Chronic
systemic inflammatory diseases like obesity, non-alcoholic fatty liver disease/nonalcoholic
steatohepatitis (NAFLD/NASH) liver diseases, diabetes, cardiovascular diseases, pain, and
other nervous system disorders are related to a mild chronic inflammation, which appears
to start from an alteration in the metabolism of these patients and, for this reason, it is
also named metaflammation, that occurs in several tissues, including adipose, pancreas,
liver, muscle, brain, and heart tissues [55]. In these chronic inflammatory diseases, the
use of bioactive compounds acting on CB2 cannabinoid receptors has shown therapeutic
effects through the reduction in pro-inflammatory mediators such as TNF-α, IL-1β, and
IL-6 [56,57] (Figure 2).
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the role of muscle-derived IL-6 is unlike what was assumed in the past. Interestingly, it
has been indicated that IL-6 plays opposing roles as an anti-inflammatory myokine and
as a pro-inflammatory cytokine [25,62]. Skeletal muscles can release several bioactive
substances, collectively named myokines, among which IL-6 is the most abundant. The
endocannabinoid system (ECS) is involved in various processes, including brain plastic-
ity, learning and memory, neuronal development, nociception, inflammation, appetite
regulation, digestion, metabolism, energy balance, motility, and the regulation of stress
and emotions [63]. The activation of CB2 cannabinoid receptors appears to induce the
release of several mediators from muscle tissue which have been defined as exerkines,
including IL-6 [64], that have anti-inflammatory activity. As a consequence, this change in
IL-6 serum levels enforces the hypothesis that hemp seed oil and terpenes could represent
a valid option in the complementary therapy of KOA. This could, therefore, become a new
opportunity to personalize therapies, making the individual rehabilitation project more
effective and multidimensional [64].

However, this study cannot be considered free of limitations. The main limitation is the
short duration of the follow-up and the small patient sample. Therefore, additional studies
are needed to monitor how serum cytokine levels change over time and how this finding
affects pain and joint function. In addition, it should be considered that inflammatory
cytokine serum levels depend on several factors such as smoking, diet, sedentary lifestyle,
or frequent sport activity. However, it should be pointed out that in this study we were
certain that these parameters remained constant in the sample analyzed between T0 and
T1. In addition, we did not investigate the correlation between the blood chemistry data
and the clinical data of these patients, but we believed it was essential in the first instance
to verify the blood variations induced by terpenes; however, we intend to follow up on
this research with further studies that also will include appropriate clinical evaluations.
Finally, there was no placebo group, but this choice was due to the necessity of guaranteeing
treatment for all patients since all of them suffered from significant knee pain. Nevertheless,
future studies will overcome this limitation, in compliance with the necessary ethical rules.

On the contrary, we consider an important strength of this study is the fact that it
highlighted the new and probably unexpected anti-inflammatory effects of terpenes, with
particular reference to IL-6, thus opening further research scenarios on the therapeutic
potential of these molecules.

5. Conclusions

In conclusion, terpenes (β-caryophyllene and myrcene) and hemp seed oil (without
cannabinoids) could counteract KOA inflammation by reason of a synergic action of IL-6
induction and IL-1α reduction. Further studies are needed to understand the duration of
these effects over time and to translate them into significant changes in the clinical picture
of the patients, but these interesting findings could represent the starting point for new
studies about the in vivo anti-inflammatory action of these promising dietary supplements.

Author Contributions: Conceptualization, G.F. and M.V.R.; methodology, M.M., R.A. and M.R.;
software, E.Q., E.C.N., A.D.I., A.S. (Antonio Scacco), A.S. (Antonio Scarano), F.P.B., D.C., M.V.R.
and D.M.; validation, S.S. and B.R.; formal analysis, all authors; investigation, G.F., M.V.R. and
E.C.N.; resources, S.S.; data curation, G.F., M.V.R. and E.C.N.; writing—original draft preparation, all
authors; writing—review and editing, A.G., M.M., R.A. and M.R.; visualization, R.A.; supervision,
M.R. and M.M.; project administration, S.S., R.A., G.F. and B.R. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Albania University, Tiran, Albania (Nr. 587
Prot.—Date: 13 December 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Biology 2023, 12, 1061 10 of 12

Data Availability Statement: The datasets used and analyzed during the current study will be made
available upon reasonable request to the corresponding author, G.F.

Acknowledgments: We would like to thank Simona Panico, Eleonora Di Campi, and Venera Scacco
for their technical assistance.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kan, H.S.; Chan, P.K.; Chiu, K.Y.; Yan, C.H.; Yeung, S.S.; Ng, Y.L.; Shiu, K.W.; Ho, T. Non-surgical treatment of knee osteoarthritis.

Hong Kong Med. J. 2019, 25, 127–133. [CrossRef] [PubMed]
2. Farì, G.; Pignatelli, G.; Macchiarola, D.; Bernetti, A.; Agostini, F.; Fornaro, M.; Mariconda, C.; Megna, M.; Ranieri, M. Cartilage

damage: Clinical approach. Minerva Orthop. 2022, 73, 20–27. [CrossRef]
3. Zeller, L.; Sukenik, S. The association between sports activity and knee osteoarthritis. Harefuah 2008, 147, 315–319, 374.
4. Della Tommasa, S.; Winter, K.; Seeger, J.; Spitzbarth, I.; Brehm, W.; Troillet, A. Evaluation of Villus Synovium from Unaffected

Metacarpophalangeal Joints of Adult and Juvenile Horses. J. Equine Vet. Sci. 2021, 102, 103637. [CrossRef] [PubMed]
5. Mahmoudian, A.; Lohmander, L.S.; Mobasheri, A.; Englund, M.; Luyten, F.P. Early-stage symptomatic osteoarthritis of the

knee-time for action. Nat. Rev. Rheumatol. 2021, 17, 621–632. [CrossRef] [PubMed]
6. Bedenbaugh, A.V.; Bonafede, M.; Marchlewicz, E.H.; Lee, V.; Tambiah, J. Real-World Health Care Resource Utilization and

Costs Among US Patients with Knee Osteoarthritis Compared with Controls. Clin. Outcomes Res. 2021, 13, 421–435. [CrossRef]
[PubMed]

7. Whittaker, J.L.; Losciale, J.M.; Juhl, C.B.; Thorlund, J.B.; Lundberg, M.; Truong, L.K.; Miciak, M.; van Meer, B.L.; Culvenor, A.G.;
Crossley, K.M.; et al. Risk factors for knee osteoarthritis after traumatic knee injury: A systematic review and meta-analysis of
randomised controlled trials and cohort studies for the OPTIKNEE Consensus. Br. J. Sports Med. 2022, 56, 1406–1421. [CrossRef]

8. Rutgers, M.; Saris, D.B.; Yang, K.G.; Dhert, W.J.; Creemers, L.B. Joint injury and osteoarthritis: Soluble mediators in the course
and treatment of cartilage pathology. Immunotherapy 2009, 1, 435–445. [CrossRef]

9. Runhaar, J.; Beavers, D.P.; Miller, G.D.; Nicklas, B.J.; Loeser, R.F.; Bierma-Zeinstra, S.; Messier, S.P. Inflammatory cytokines
mediate the effects of diet and exercise on pain and function in knee osteoarthritis independent of BMI. Osteoarthr. Cartil. 2019,
27, 1118–1123. [CrossRef]

10. Sachdeva, V.; Roy, A.; Bharadvaja, N. Current Prospects of Nutraceuticals: A Review. Curr. Pharm. Biotechnol. 2020, 21, 884–896.
[CrossRef]

11. Papa, S.; Scacco, S.; Sardanelli, A.M.; Petruzzella, V.; Vergari, R.; Signorile, A.; Technikova-Dobrova, Z. Complex I and the cAMP
cascade in human physiopathology. Biosci. Rep. 2002, 22, 3–16. [CrossRef] [PubMed]

12. Farì, G.; Santagati, D.; Pignatelli, G.; Scacco, V.; Renna, D.; Cascarano, G.; Vendola, F.; Bianchi, F.P.; Fiore, P.; Ranieri, M.; et al.
Collagen Peptides, in Association with Vitamin C, Sodium Hyaluronate, Manganese and Copper, as Part of the Rehabilitation
Project in the Treatment of Chronic Low Back Pain. Endocr. Metab. Immune Disord. Drug Targets 2022, 22, 108–115. [CrossRef]
[PubMed]

13. De Rasmo, D.; Palmisano, G.; Scacco, S.; Technikova-Dobrova, Z.; Panelli, D.; Cocco, T.; Sardanelli, A.M.; Gnoni, A.; Micelli, L.;
Trani, A.; et al. Phosphorylation pattern of the NDUFS4 subunit of complex I of the mammalian respiratory chain. Mitochondrion
2010, 10, 464–471. [CrossRef]

14. Farinon, B.; Molinari, R.; Costantini, L.; Merendino, N. The seed of industrial hemp (Cannabis sativa L.): Nutritional Quality and
Potential Functionality for Human Health and Nutrition. Nutrients 2020, 12, 1935. [CrossRef]

15. Romero-Sandoval, E.A.; Fincham, J.E.; Kolano, A.L.; Sharpe, B.N.; Alvarado-Vazquez, P.A. Cannabis for chronic pain: Challenges
and considerations. Pharmacotherapy 2018, 38, 651–662. [CrossRef]

16. Hill, K.P. Medical marijuana for treatment of chronic pain and other medical and psychiatric problems: A clinical review. JAMA
2015, 313, 2474–2483. [CrossRef]

17. Tholl, D. Biosynthesis and biological functions of terpenoids in plants. Adv. Biochem. Eng. Biotechnol. 2015, 148, 63–106. [PubMed]
18. Sommano, S.R.; Chittasupho, C.; Ruksiriwanich, W.; Jantrawut, P. The Cannabis Terpenes. Molecules 2020, 25, 5792. [CrossRef]
19. Salehi, B.; Upadhyay, S.; Erdogan Orhan, I.; Kumar Jugran, A.L.D.; Jayaweera, S.A.; Dias, D.; Sharopov, F.; Taheri, Y.; Martins, N.;

Baghalpour, N.; et al. Therapeutic Potential of α- and β-Pinene: A Miracle Gift of Nature. Biomolecules 2019, 9, 738. [CrossRef]
20. Eddin, L.B.; Jha, N.K.; Meeran, M.F.N.; Kesari, K.K.; Beiram, R.; Ojha, S. Neuroprotective Potential of Limonene and Limonene

Containing Natural Products. Molecules 2021, 26, 4535. [CrossRef]
21. Lam, N.S.; Long, X.; Su, X.Z.; Lu, F. Melaleuca alternifolia (tea tree) oil and its monoterpene constituents in treating protozoan

and helminthic infections. Biomed. Pharmacother. 2020, 130, 110624. [CrossRef] [PubMed]
22. Dantas, L.B.R.; Alcântara, I.S.; Júnior, C.P.S.; de Oliveira, M.R.C.; Martins, A.O.B.P.B.; Dantas, T.M.; Ribeiro-Filho, J.; Coutinho,

H.D.M.; Passos, F.R.S.; Quintans-Júnior, L.J.; et al. In vivo and in silico anti-inflammatory properties of the sesquiterpene
valencene. Biomed. Pharmacother. 2022, 153, 113478. [CrossRef] [PubMed]

23. Liktor-Busa, E.; Keresztes, A.; LaVigne, J.; Streicher, J.M.; Largent-Milnes, T.M. Analgesic Potential of Terpenes Derived from
Cannabis sativa. Pharmacol. Rev. 2021, 73, 98–126. [CrossRef] [PubMed]

https://doi.org/10.12809/hkmj187600
https://www.ncbi.nlm.nih.gov/pubmed/30919810
https://doi.org/10.23736/S2784-8469.21.04174-2
https://doi.org/10.1016/j.jevs.2021.103637
https://www.ncbi.nlm.nih.gov/pubmed/34119205
https://doi.org/10.1038/s41584-021-00673-4
https://www.ncbi.nlm.nih.gov/pubmed/34465902
https://doi.org/10.2147/CEOR.S302289
https://www.ncbi.nlm.nih.gov/pubmed/34054301
https://doi.org/10.1136/bjsports-2022-105496
https://doi.org/10.2217/imt.09.14
https://doi.org/10.1016/j.joca.2019.04.009
https://doi.org/10.2174/1389201021666200130113441
https://doi.org/10.1023/A:1016004921277
https://www.ncbi.nlm.nih.gov/pubmed/12418547
https://doi.org/10.2174/1871530321666210210153619
https://www.ncbi.nlm.nih.gov/pubmed/33568038
https://doi.org/10.1016/j.mito.2010.04.005
https://doi.org/10.3390/nu12071935
https://doi.org/10.1002/phar.2115
https://doi.org/10.1001/jama.2015.6199
https://www.ncbi.nlm.nih.gov/pubmed/25583224
https://doi.org/10.3390/molecules25245792
https://doi.org/10.3390/biom9110738
https://doi.org/10.3390/molecules26154535
https://doi.org/10.1016/j.biopha.2020.110624
https://www.ncbi.nlm.nih.gov/pubmed/33503761
https://doi.org/10.1016/j.biopha.2022.113478
https://www.ncbi.nlm.nih.gov/pubmed/36076580
https://doi.org/10.1124/pharmrev.120.000046
https://www.ncbi.nlm.nih.gov/pubmed/34663685


Biology 2023, 12, 1061 11 of 12

24. Scandiffio, R.; Geddo, F.; Cottone, E.; Querio, G.; Antoniotti, S.; Gallo, M.P.; Maffei, M.E.; Bovolin, P. Protective Effects of
(E)-β-Caryophyllene (BCP) in Chronic Inflammation. Nutrients 2020, 12, 3273. [CrossRef] [PubMed]

25. Santos, P.S.; Oliveira, T.C.R.; Júnior, L.M.; Figueiras, A.; Nunes, L.C.C. β-caryophyllene Delivery Systems: Enhancing the Oral
Pharmacokinetic and Stability. Curr. Pharm. Des. 2018, 24, 3440–3453. [CrossRef]

26. Almarzooqi, S.; Venkataraman, B.; Raj, V.; Alkuwaiti, S.A.A.; Das, K.M.; Collin, P.D.; Adrian, T.E.; Subramanya, S.B. β-Myrcene
Mitigates Colon Inflammation by Inhibiting MAP Kinase and NF-κB Signaling Pathways. Molecules 2022, 27, 8744. [CrossRef]

27. Cardia, G.F.E.; Silva-Comar, F.M.S.; Bonetti, C.I.; da Rocha, E.M.T.; Zagoto, M.; do Amaral, V.; Bracht, L.; Silva-Filho, S.E.;
Bersani-Amado, C.A.; Cuman, R.K.N. Hepatoprotective effect of β-myrcene pretreatment against acetaminophen-induced liver
injury. Avicenna J. Phytomed. 2022, 12, 388–400.

28. Farì, G.; Megna, M.; Scacco, S.; Ranieri, M.; Raele, M.V.; Chiaia Noya, E.; Macchiarola, D.; Bianchi, F.P.; Carati, D.; Panico, S.;
et al. Hemp Seed Oil in Association with β-Caryophyllene, Myrcene and Ginger Extract as a Nutraceutical Integration in Knee
Osteoarthritis: A Double-Blind Prospective Case-Control Study. Medicina 2023, 59, 191. [CrossRef]

29. Sellam, J.; Berenbaum, F. The role of synovitis in pathophysiology and clinical symptoms of osteoarthritis. Nat. Rev. Rheumatol.
2010, 6, 625–635. [CrossRef]

30. Dainese, P.; Wyngaert, K.V.; De Mits, S.; Wittoek, R.; Van Ginckel, A.; Calders, P. Association between knee inflammation and
knee pain in patients with knee osteoarthritis: A systematic review. Osteoarthr. Cartil. 2022, 30, 516–534. [CrossRef]

31. Dainese, P.; Mahieu, H.; De Mits, S.; Wittoek, R.; Stautemas, J.; Calders, P. Associations between markers of inflammation
and altered pain perception mechanisms in people with knee osteoarthritis: A systematic review. RMD Open 2023, 9, e002945.
[CrossRef]

32. Kapoor, M.; Martel-Pelletier, J.; Lajeunesse, D.; Pelletier, J.P.; Fahmi, H. Role of proinflammatory cytokines in the pathophysiology
of osteoarthritis. Nat. Rev. Rheumatol. 2011, 7, 33–42. [CrossRef] [PubMed]

33. Goudarzi, R.; Dehpour, A.R.; Partoazar, A. Nanomedicine and regenerative medicine approaches in osteoarthritis therapy. Aging
Clin. Exp. Res. 2022, 34, 2305–2315. [CrossRef] [PubMed]

34. Charitos, I.A.; Borsani, E.; Nocini, R.; Bottalico, L. Stem Cells: A Historical Review about Biological, Religious, and Ethical Issues.
Stem Cells Int. 2021, 2021, 9978837. [CrossRef]

35. Locksley, R.M.; Killeen, N.; Lenardo, M.J. The TNF and TNF receptor superfamilies: Integrating mammalian biology. Cell 2001,
104, 487–501. [CrossRef] [PubMed]

36. Pocsfalvi, G.; Cuccurullo, M.; Schlosser, G.; Scacco, S.; Papa, S.; Malorni, A. Phosphorylation of B14.5a subunit from bovine heart
complex I identified by titanium dioxide selective enrichment and shotgun proteomics. Mol. Cell. Proteom. MCP 2007, 6, 231–237.
[CrossRef] [PubMed]

37. Kondo, N.; Kuroda, T.; Kobayashi, D. Cytokine Networks in the Pathogenesis of Rheumatoid Arthritis. Int. J. Mol. Sci. 2021, 22, 10922.
[CrossRef]

38. Tong, B.; Liu, X.; Xiao, J.; Su, G. Immunopathogenesis of Behcet’s Disease. Front. Immunol. 2019, 10, 665. [CrossRef]
39. Singh, R.; Koppu, S.; Perche, P.O.; Feldman, S.R. The Cytokine Mediated Molecular Pathophysiology of Psoriasis and Its Clinical

Implications. Int. J. Mol. Sci. 2021, 22, 12793. [CrossRef]
40. Queiroz, M.A.F.; Neves, P.F.M.D.; Lima, S.S.; Lopes, J.D.C.; Torres, M.K.D.S.; Vallinoto, I.M.V.C.; Bichara, C.D.A.; Dos Santos, E.F.;

de Brito, M.T.F.M.; da Silva, A.L.S.; et al. Cytokine Profiles Associated with Acute COVID-19 and Long COVID-19 Syndrome.
Front. Cell Infect. Microbiol. 2022, 12, 922422. [CrossRef]

41. Boraschi, D.; Italiani, P.; Weil, S.; Martin, M.U. The family of the interleukin-1 receptors. Immunol. Rev. 2018, 281, 197–232.
[CrossRef] [PubMed]

42. Massicotte, F.; Lajeunesse, D.; Benderdour, M.; Pelletier, J.P.; Hilal, G.; Duval, N.; Martel-Pelletier, J. Can altered production
of interleukin-1beta, interleukin-6, transforming growth factor-beta and prostaglandin E(2) by isolated human subchondral
osteoblasts identify two subgroups of osteoarthritic patients. Osteoarthr. Cartil. 2002, 10, 491–500. [CrossRef] [PubMed]

43. Yu, L.; Luo, R.; Qin, G.; Zhang, Q.; Liang, W. Efficacy and safety of anti-interleukin-1 therapeutics in the treatment of knee
osteoarthritis: A systematic review and meta-analysis of randomized controlled trials. J. Orthop. Surg. Res. 2023, 18, 100.
[CrossRef] [PubMed]

44. Jin, J.; Lv, X.; Wang, B.; Ren, C.; Jiang, J.; Chen, H.; Chen, X.; Gu, M.; Pan, Z.; Tian, N.; et al. Limonin Inhibits IL-1β-Induced
Inflammation and Catabolism in Chondrocytes and Ameliorates Osteoarthritis by Activating Nrf2. Oxid. Med. Cell. Longev. 2021,
2021, 7292512. [CrossRef]

45. Wang, B.W.; Jiang, Y.; Yao, Z.L.; Chen, P.S.; Yu, B.; Wang, S.N. Aucubin Protects Chondrocytes Against IL-1β-Induced Apoptosis
In Vitro And Inhibits Osteoarthritis in Mice Model. Drug Des. Devel. Ther. 2019, 13, 3529–3538. [CrossRef]

46. Jia, Y.; He, W.; Zhang, H.; He, L.; Wang, Y.; Zhang, T.; Peng, J.; Sun, P.; Qian, Y. Morusin Ameliorates IL-1β-Induced Chondrocyte
Inflammation and Osteoarthritis via NF-κB Signal Pathway. Drug Des. Devel. Ther. 2020, 14, 1227–1240. [CrossRef]

47. Vincent, T.L. IL-1 in osteoarthritis: Time for a critical review of the literature. F1000Research 2019, 8, F1000 Faculty Rev-934.
[CrossRef]

48. Vincent, T.; Malfait, A.M. Time to be positive about negative data? Osteoarthr. Cartil. 2017, 25, 351–353. [CrossRef]
49. Wolf, J.; Rose-John, S.; Garbers, C. Interleukin-6 and its receptors: A highly regulated and dynamic system. Cytokine 2014, 70,

11–20. [CrossRef]

https://doi.org/10.3390/nu12113273
https://www.ncbi.nlm.nih.gov/pubmed/33114564
https://doi.org/10.2174/1381612824666180912151412
https://doi.org/10.3390/molecules27248744
https://doi.org/10.3390/medicina59020191
https://doi.org/10.1038/nrrheum.2010.159
https://doi.org/10.1016/j.joca.2021.12.003
https://doi.org/10.1136/rmdopen-2022-002945
https://doi.org/10.1038/nrrheum.2010.196
https://www.ncbi.nlm.nih.gov/pubmed/21119608
https://doi.org/10.1007/s40520-022-02199-5
https://www.ncbi.nlm.nih.gov/pubmed/35867240
https://doi.org/10.1155/2021/9978837
https://doi.org/10.1016/S0092-8674(01)00237-9
https://www.ncbi.nlm.nih.gov/pubmed/11239407
https://doi.org/10.1074/mcp.M600268-MCP200
https://www.ncbi.nlm.nih.gov/pubmed/17114648
https://doi.org/10.3390/ijms222010922
https://doi.org/10.3389/fimmu.2019.00665
https://doi.org/10.3390/ijms222312793
https://doi.org/10.3389/fcimb.2022.922422
https://doi.org/10.1111/imr.12606
https://www.ncbi.nlm.nih.gov/pubmed/29248002
https://doi.org/10.1053/joca.2002.0528
https://www.ncbi.nlm.nih.gov/pubmed/12056853
https://doi.org/10.1186/s13018-023-03590-2
https://www.ncbi.nlm.nih.gov/pubmed/36782214
https://doi.org/10.1155/2021/7292512
https://doi.org/10.2147/DDDT.S210220
https://doi.org/10.2147/DDDT.S244462
https://doi.org/10.12688/f1000research.18831.1
https://doi.org/10.1016/j.joca.2017.01.016
https://doi.org/10.1016/j.cyto.2014.05.024


Biology 2023, 12, 1061 12 of 12

50. Kang, S.; Tanaka, T.; Narazaki, M.; Kishimoto, T. Targeting Interleukin-6 Signaling in Clinic. Immunity 2019, 50, 1007–1023.
[CrossRef]

51. Uciechowski, P.; Dempke, W.C.M. Interleukin-6: A Masterplayer in the Cytokine Network. Oncology 2020, 98, 131–137. [CrossRef]
[PubMed]

52. Rogero, M.M.; Calder, P.C. Obesity, Inflammation, Toll-Like Receptor 4 and Fatty Acids. Nutrients 2018, 10, 432. [CrossRef]
[PubMed]

53. Feghali, C.A.; Wright, T.M. Cytokines in acute and chronic inflammation. Front. Biosci. 1997, 2, d12–d26. [PubMed]
54. Hotamisligil, G.S. Inflammation, metaflammation and immunometabolic disorders. Nature 2017, 542, 177–185. [CrossRef]
55. Baradaran-Rahimi, V.; Askari, V.R. A mechanistic review on immunomodulatory effects of selective type two cannabinoid

receptor β-caryophyllene. Biofactors 2022, 48, 857–882. [CrossRef]
56. Tenti, S.; Mondanelli, N.; Bernetti, A.; Mangone, M.; Agostini, F.; Capassoni, M.; Cheleschi, S.; De Chiara, R.; Farì, G.; Frizziero, A.;

et al. Impact of COVID-19 pandemic on injection-based practice: Report from an Italian multicenter and multidisciplinary survey.
Ann. Ig. 2022, 34, 501–514.

57. Zhao, J.; Huang, H.; Liang, G.; Zeng, L.F.; Yang, W.; Liu, J. Effects and safety of the combination of platelet-rich plasma (PRP) and
hyaluronic acid (HA) in the treatment of knee osteoarthritis: A systematic review and meta-analysis. BMC Musculoskelet. Disord.
2020, 21, 224. [CrossRef]

58. Bernetti, A.; Farì, G.; Mangone, M.; Fiore, P.; Santilli, V.; Paoloni, M.; Agostini, F. Medical management of osteoarthritis during the
COVID-19 pandemic: A challenge for the present and the future. Ann. Ig. 2022, 34, 184–189.

59. Sconza, C.; Respizzi, S.; Virelli, L.; Vandenbulcke, F.; Iacono, F.; Kon, E.; Di Matteo, B. Oxygen-Ozone Therapy for the Treatment
of Knee Osteoarthritis: A Systematic Review of Randomized Controlled Trials. Arthroscopy 2020, 36, 277–286. [CrossRef]

60. Nara, H.; Watanabe, R. Anti-Inflammatory Effect of Muscle-Derived Interleukin-6 and Its Involvement in Lipid Metabolism. Int.
J. Mol. Sci. 2021, 22, 9889. [CrossRef]

61. Baran, P.; Hansen, S.; Waetzig, G.H.; Akbarzadeh, M.; Lamertz, L.; Huber, H.J.; Ahmadian, M.R.; Moll, J.M.; Scheller, J. The
balance of interleukin (IL)-6, IL-6·soluble IL-6 receptor (sIL-6R), and IL-6·sIL-6R·sgp130 complexes allows simultaneous classic
and trans-signaling. J. Biol. Chem. 2018, 293, 6762–6775. [CrossRef] [PubMed]

62. Matei, D.; Trofin, D.; Iordan, D.A.; Onu, I.; Condurache, I.; Ionite, C.; Buculei, I. The Endocannabinoid System and Physical
Exercise. Int. J. Mol. Sci. 2023, 24, 1989. [CrossRef] [PubMed]

63. García-Hermoso, A.; Ramírez-Vélez, R.; Díez, J.; González, A.; Izquierdo, M. Exercise training-induced changes in exerkine
concentrations may be relevant to the metabolic control of type 2 diabetes mellitus patients: A systematic review and meta-analysis
of randomized controlled trials. J. Sport Health Sci. 2023, 12, 147–157. [CrossRef] [PubMed]

64. Mariconda, C.; Megna, M.; Farì, G.; Bianchi, F.P.; Puntillo, F.; Correggia, C.; Fiore, P. Therapeutic exercise and radiofrequency in
the rehabilitation project for hip osteoarthritis pain. Eur. J. Phys. Rehabil. Med. 2020, 56, 451–458. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.immuni.2019.03.026
https://doi.org/10.1159/000505099
https://www.ncbi.nlm.nih.gov/pubmed/31958792
https://doi.org/10.3390/nu10040432
https://www.ncbi.nlm.nih.gov/pubmed/29601492
https://www.ncbi.nlm.nih.gov/pubmed/9159205
https://doi.org/10.1038/nature21363
https://doi.org/10.1002/biof.1869
https://doi.org/10.1186/s12891-020-03262-w
https://doi.org/10.1016/j.arthro.2019.05.043
https://doi.org/10.3390/ijms22189889
https://doi.org/10.1074/jbc.RA117.001163
https://www.ncbi.nlm.nih.gov/pubmed/29559558
https://doi.org/10.3390/ijms24031989
https://www.ncbi.nlm.nih.gov/pubmed/36768332
https://doi.org/10.1016/j.jshs.2022.11.003
https://www.ncbi.nlm.nih.gov/pubmed/36351545
https://doi.org/10.23736/S1973-9087.20.06152-3

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

