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Abstract

Introduction Osteoarthritis (OA) has long been considered from the mechanical point of view of etiology and pathogenesis, as a
"wear and tear" disease. However, advances in fundamental medicine have changed the way we look at this disease. The role of
systemic inflammation was determined in OA progression and risk factor related clinical phenotypes were differentiated as post-
traumatic OA, age associated OA, genetic OA and metabolic syndrome associated OA. The development and progression of OA
in metabolic disorders envision a concept of systemic regulation of osteocartilaginous and synovial tissues, and several studies
showed that dysregulation of circadian rhythms may be involved in the development of dyslipidemia and systemic inflammation
associated with obesity. The objective was to explore the effect of melatonin on the dynamics of lipid metabolism and the severity of
clinical symptoms in patients with OA and insomnia based on the role of dyslipidemia in the pathogenesis of degenerative diseases.
Materials and Methods The study included 36 individuals including 12 healthy volunteers and 24 inpatients of experimental
groups with insomnia and Kellgren-Lawrence grades 2 and 3 gonarthrosis. Standard conservative treatment consisted of drug and
physical therapy. Medical history, complaints were collected from the patients and physical examination performed to evaluate
edema of the joint, alignment of the lower limb, range of motion in the joints and measure waist circumference, body height, body
weight; body mass index. The biochemistry blood parameters measured included total cholesterol concentration (TCC), high-density
lipoprotein cholesterol, low density lipoprotein cholesterol (LDL) and triglycerides (TG). VAS and Lequesne scale were used to
assess pain and function of the joints. Results Patients with the metabolic OA showed statistically significant (p < 0.05) increase in
TCC (6.23 (4.28 to 6.44) mmol/L, p < 0.0002), LDL fractions (4.52 (3.08 to 4.92) mmol/L, p < 0.00004), atherogenic coefficient (CA)
(4.33 (3.15-4.8) mmol/L, p < 0.00003) and a decrease in the HDL fraction (1.08 (0.93 to 1.4) mmol/L, p < 0.01) before treatment
in comparison with healthy individuals. The TG level remained within the normal range (0.73 [0.62 to 0.78] mmol/L). At a month,
a statistically significant (p < 0.006) decrease in TC (4.62 [3.71 to 5.29] mmol/L), a decrease in atherogenic fractions of LP (LDL)
(2.65 [1.90 to 3.05] mmol/L) (p < 0.002), an increase in the HDL fraction (1.49 [1.17 to 1.72] mmol/L) (p < 0.004) and a decrease in CA
(2.07 [1.81 to 2.34] mmol/L) (p < 0.002) were observed in the experimental group of patients who received melatonin at the dose of 3
mg per day as an adjunctive therapy to the basic treatment. There was no significant dynamics of lipid metabolism in patients receiving
standard treatment. The Lequesne's functional index significantly (p < 0.03) decreased in melatonin patients after treatment from
12 [12 to 13] to 10 (8.75 to 10.25) points and showed no significant dynamics measuring 10.5 [10 to 11.75] and 10 [10 to 19.25] points
in patients receiving standard treatment. Although positive dynamics in VAS scores was observed in both experimental groups a greater
improvement (p < 0.005) was seen in the drug group with VAS score improved from 4.5 [3.75 to 5] to 2.5 [2 to 3.25] mm versus
4.5 [4 to 5] and 3.5 [3 to 4] mm in the no-drug group (p < 0.01). Conclusion Melatonin incorporated into the basic therapy was shown
to exert a positive effect on pain assessment, condition of the knee joint evaluated with knee rating scales and subjective instruments,
objective examination. The moderate antiatherogenic effect facilitates the therapeutic regimen to be considered in management of
metabolic osteoarthritis.
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INTRODUCTION

Osteoarthritis (OA) has long been considered a
mechanical disease etiologically and pathogenetically
resulting from natural wear and tear and aging.
However, fundamental research has refined the
viewpoint. Now the role of systemic inflammation in
the progression of OA is clearly defined with clinical
phenotypes identified based on risk factors as post-
traumatic, age related, genetic and OA associated with
metabolic syndrome. The fact of the development and
progression of OA in metabolic disorders guides the
concept of systemic regulation of the osteochondral
and synovial tissue of the joints. Obesity, abdominal
(visceral) obesity, in particular, is the main cause of the
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metabolic syndrome, which includes type 2 diabetes
mellitus, arterial hypertension, obstructive sleep apnea
syndrome, non-alcoholic fatty liver disease (NAFLD),
insulin resistance and dyslipidemia. Dyslipidemia as a
link between the metabolic syndrome and an important
aspect of obesity is of interest as a potential risk factor
for OA. Dyslipidemia is an impaired physiological
ratio of lipid blood fractions. There are various forms
of dyslipidemia which are classified depending on
which levels of lipids and lipoproteins are beyond the
normal range. The driving force behind dyslipidaemia
in metabolic syndrome is progressive insulin resistance
resulting in lipolysis and lipotoxicity. In recent years, a
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form of dyslipidemia resulting from the concerted action
of insulin resistance and obesity has been recognized as
"metabolic dyslipidemia". The condition is characterized
by high concentrations of triglycerides (TG) with a
decrease in the concentration of high-density lipoprotein
cholesterol (HDL-C), normal or slight increase in low-
density lipoprotein cholesterol (LDL-C). Patients who
are overweight (BMI = 25-29.9) or obese (BMI > 30)
are likely to develop dyslipidemia due to changes in fat
metabolism. However, there is debate about whether
dyslipidemia and high cholesterol, in particular, affects
the incidence of OA or not. Epidemiological studies
show differing points of view [1]. A meta-analysis of
"case-control" and cross-sectional studies indicated a
strong relationship between dyslipidemia and OA with
the relative risk of 1.37 and 1.33, respectively, but the
relationship was not confirmed by cohort studies with
the relative risk of 1.00 [2]. Another study showed
the relative risk of dyslipidemia of 1.98 with OA than
without [3], and the mean prevalence of dyslipidemia
in hand OA was 37.6 = 1.6%, much higher than the
mean prevalence of 30.2 £ 0. 6% for OA in general.
Clinical and epidemiological findings were reported
in experiments on animals and in vitro cell cultures.
Cholesterol and the esters accumulated by chondrocytes
through oxidized low-density lipoprotein (LOX-1)
receptors interfered with cell homeostasis provoking
apoptosis and OA progression [4]. The effect of free fatty
acids with different degrees of saturation (saturated fatty
acids (SFA), polyunsaturated fatty acids (PUFA)) on the
development of OA is of interest. Effects of fatty acids
on the secretion or manifestation of pro-inflammatory

factors such as interleukins, tumor necrosis factor,
matrix metalloproteinases, prostaglandins, etc. were
explored in local studies [5]. Overall results indicated
to adverse effects of SFAs with increased production of
pro-inflammatory cytokines and pro-apoptotic markers.
In contrast, n-3 PUFAs were shown to reduce markers
of inflammation and cartilage degradation [6]. The
findings supported a systemic metabolic component
of OA, where the concept of systemic inflammation
has been validated, and overweight and the associated
insulin resistance and dyslipidemia are now thought
to be the cause of elevated circulating cytokines [7].
However, it is not clear whether systemic inflammation
is a cause or a consequence of metabolic diseases.
Moreover, the concept acquired more aspects to include
a number of mechanisms, such as oxidative stress and
the accumulation of oxidative products [8]. Finally, new
trends of research demonstrated that circadian rhythm
dysregulation might be involved in the development
of dyslipidemia and systemic inflammation associated
with obesity [9]. A recent multinational cohort study
showed the melatonin levels in patients with obesity
being reduced compared to patients with normal body
weight [10]. And with the growing role of melatonin
in the regulation of bone and cartilage metabolism
the imbalance can contribute to the progression of
degenerative processes in the bone and cartilage tissue.

The objective was to explore the effect of melatonin
on the dynamics of lipid metabolism and the severity
of clinical symptoms in patients with OA and insomnia
based on the role of dyslipidemia in the pathogenesis of
degenerative diseases.

MATERIAL AND METHODS

The study involved 36 people with 12 healthy
subjects recruited from volunteers. Twenty-four patients
of the experimental groups (1 and 2) with Kellgren-
Lawrence stages 2-3 gonarthrosis and insomnia
underwent inpatient treatment. Standard conservative
treatment included medication (group B vitamins, non-
steroidal anti-inflammatory drugs (NSAIDs) as required,
pentoxifylline (4 weeks), nicotinic acid, mydocalm)
and physiotherapy (massage of the lower extremities,
therapeutic exercises according to the method of
arthrosis, laser-, magnet-therapy). The participants were
divided into 3 groups:

group 1 — volunteers without articular pathology,
sleep disorders having a normal body mass index
(n=12);

group 2 — patients with metabolic phenotype of
OA, insomnia who were on basic inpatient treatment
(n=12);

group 3 — patients with metabolic phenotype of OA
and insomnia who were on basic inpatient treatment
with melatonin administered at a dose of 3 mg per day
for 4 weeks (n = 12).

An accurate medical history was obtained and a
physical examination carefully performed for all patients.
Edema was evaluated at the site of the affected and
contralateral knee joints, the axis of the lower limb and
range of motion were determined using a goniometer;
height, weight, waist circumference measured and
BMI calculated. Serum biochemical parameters were
measured. Blood samples were collected after an
overnight fasting from all participants. Venous blood
samples were centrifuged at 3000 g for 30 minutes. The
samples were stored frozen at -20 °C until testing for
at least two months, then thawed at room temperature.
Serum total cholesterol (TC), high-density lipoprotein
cholesterol (HDL), low-density lipoprotein cholesterol
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(LDL) and triglycerides (TG) were measured using
commercial kits (Olveks diagnosticum, Russia) at the
beginning and the end of the experiment (after blood
sampling to determine biochemical parameters). The
TC level was measured through the release from the
composition of esters under the action of the enzyme
cholesterolesterase (ChE). Then with the participation
of the enzyme cholesterol oxidase (CO), cholesterol
was oxidized to 4-cholesten-3-one, and the resulting
hydrogen peroxide, with the participation of the
enzyme peroxidase (PO), contributed to the oxidative
azocoupling of 4-aminoantipyrine (4-AAP) and phenol
to form a colored compound (quinonimine dye). The
color intensity of the reaction medium was proportional
to the cholesterol content in the test material and was
determined photometrically at a wavelength of 500
(490-520) nm. The concentration of TG was based on a
series of coupled enzymatic reactions catalyzed by lipase,
glycerokinase (GK) in the presence of ATP, glycerol-
3-phosphate oxidase (GPO) and peroxidase (PO). The
hydrogen peroxide (H,0,) formed during these reactions
promoted the oxidative azocombination of 4-AAP and
phenol to form a colored compound (quinonimine). The
color intensity of the reaction medium was proportional
to the content of triglycerides in the test material and
was measured photometrically at a wavelength of 500
(490-540) nm. HDL was determined by precipitation
of chylomicrons, very low density lipoproteins (LDL)
and LDL with phosphotungstic acid and Mg2+ added

to the sample. HDL remained in the supernatant after
centrifugation with the concentration determined in the
same way as the concentration of total cholesterol. Pain
assessment tool included visual analogue scale (VAS)
and the Lequesne index was used for assessing severity
of OA. Exclusion criteria included conditions affecting
the joint under study, such as systemic inflammatory
joint disease, sepsis, osteonecrosis; chronic or recent
use of oral corticosteroids, lipid-lowering drugs,
glucosamine or chondroitin; recent (< 3 months) intra-
articular injections of corticosteroids, hyaluronic acid or
other synovial fluid prostheses. Serious decompensated
medical conditions such as uncontrolled diabetes, HIV,
hypertension were contraindications to participation.

Ethical expertise The study was approved by the
local ethics committee of the Ryazan State Medical
University of the Russian Ministry of Health. All
participants provided written informed consent.

Statistical analysis Statistical data processing was
carried out using the Statsoft Statistica 12.0 program.
The Shapiro-Wilk test was used to determine conformity
of the samples to the normal distribution. With non-
normally distributed variables the Mann-Whitney test
was employed to determine statistical significance in
independent groups and the Wilcoxon test was applied
to dependent groups. The Spearman's rank coefficient
of correlation was used to measure rank correlation.
Differences were considered statistically significant at
p <0.05.

RESULTS

The mean age of healthy participants was
59 [57.25-65.75] years and 60.5 [59-63.5] years in the
groups with the metabolic phenotype of OA. Patients
were predominantly women. There were statistically
significant differences in BMI (p < 0.000001), waist
circumference (p < 0.000003), percentage of body fat
(p <0.000002) and range of motion in the knee joints
(p <0.00001) between a healthy group and groups with
a metabolic phenotype of OA (groups 2 and 3) (Table 1).
The median values of BMI in obese patients were higher
by 14.9 points, waist circumference by 25.1 cm, and the
percentage of body fat ratio was higher by 9.65% than in
the healthy group. Patients of groups 2 and 3 showed a
mixed contracture of mainly both knee joints at the initial
stage of treatment. Flexion and extension deficits were
37°125.75-62.5] and 19°[13.75-26.25], respectively.
OA was graded II-1II according to Kellgren-Lawrence
and indicated pronounced degenerative changes in
the joint accompanied by osteophytes and narrowing
of the joint space. Patients of groups 2 and 3 showed

statistically significant increase in the level of TC
(6.23 (4.28-6.44) mmol/L, p<0.0002), LDL fractions
(4.52[3.08-4, 92] mmol/L, p <0.00004), the atherogenic
coefficient (AC) (4.33 [3.15-4.8] mmol/L, p < 0.00003)
and a decrease in the HDL fraction (1.08 [0.93-
1.4] mmol/L, p<0.01) before treatment compared
with healthy subjects (TC 3.51 [3.02-3.61], LDL 1.76
[1.15-1.92], TG 0.8 [0.75-0.99], HDL 1.38 [1.08-1.5],
CA 1.58 [1.07-2.11]. The TG level remained within the
normal range (0.73 [0.62-0.78] mmol/L). Patients of
experimental group 3 who received melatonin at a dose
of 3 mg per day as an addition to the basic treatment
demonstrated a statistically significant decrease in TC
(p <0.006), decrease in atherogenic LP (LDL) fractions
(p <0.002), increased fraction of HDL (p < 0.004) and
a decrease in CA (p < 0.002) at 1 month. There were no
significant changes in lipid metabolism in the standard
treatment group. Lipid spectrum parameters before
and after various treatment regimens are presented in
Table 2.
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Table 1
Anthropometric parameters of the healthy group and
groups with the metabolic phenotype of OA
(groups 2 and 3)

Metabolic phenotype of
Healthy group A e and )
BMI 21.45[20.69-23.06] | 36.35[32.36-38.37]*
wC 86.4 [84.25-91.25] |111.5[103.5-124.75]*
% fat 36.8 [36.23-38.13] | 46.52[43.9-49.65]*

* —p <0.05 (figures clarified in the text).

Table 2

Blood lipid fractions in patients of groups 2 and 3
before and after treatment

Group 2 Group 3
TC before | 6.38[6.28-6.48] 5.31 [4.1-6.26]
after 6.36 [5.41-6.48] | 4.62* [3.71-5.29]
HDL before 1.42 [1.1-1.8] 0.99 [0.85-1.13]
after 1.32[1.13-1.74] | 1.49* [1.17-1.72]
LDL before | 4.84[3.71-5.02] | 3.75[2.92-1.72]
after 4.51[3.44-4.78] | 2.65* [1.90-4.98]
TG before | 0.72[0.71-0.74] | 0.75[1.17-1.72]
after 0.98 [0.83-1.12] | 0.73[0.62-0.78]
KA before | 3.35[2.384.81] | 4.42[4.04-4.81]
after 3.52[2.3-4.6] 2.07* [1.81-2.34]

* — p <0.05 (figures clarified in the text).

A comparative analysis of the lipid spectrum
in experimental group 3 showed that the fraction
of atherogenic lipoproteins decreased by 29.23 %,
and total cholesterol by 13.02 %. The HDL fraction
showed a positive increase of 50.5% in the drug
group, in contrast to the standard treatment group with
no statistically significant differences. There were
no significant changes in anthropometric parameters
(BMI, % of body fat and waist circumference) in both
experimental groups of the OA metabolic phenotype,
since the patients were not limited to any hypocaloric
diet and took meals as usual. As a result of conservative
treatment, a statistically significant surplus of range of
motion relative to baseline showed similar dynamics in
both experimental groups (Table 3).

Table 3
Dynamics in the deficiency of range of motion of the
knee joints in patients of groups 2 and 3 before and after
treatment
Group 2 Group 3

before 375° 38°
Deficiency [25.75-62.5] | [23.75-54.75]
of flexion & 25° 20°

ater [23-35]*** | [14.75-40.00]*
Deficiency before 19 [110(1720] 18 1[61 (;;20]
ofextension fafier | 115 jspexex | [10-1925]%*

*—p <0.00001, *** —p <0.0007, **p < 0.03, **** —p <0.005.

Statistically significant differences in the Lequesne
index (p < 0.000001) and VAS (p < 0.000001) were
noted between healthy volunteers and patients with the
metabolic phenotype of OA. The Lequesne index of the
kneejointsdecreased from 12[12—-13]to 10 [8.75-10.25]
points (p < 0.03) in group 3 after treatment and showed
no significant dynamics in patients of group 2 measuring
10.5[10-11.75] and 10 [10-19.25] points before and
after treatment, respectively. Positive dynamics in VAS
score was observed in both experimental groups with a
larger amplitude (p < 0.005) in group 3 improving from
4.5[3.75-5] to 2.5 [2-3.25] mm versus 4.5 [4-5] and
3.5[3-4] mm in group 2 (p<0.01). The correlation
analysis between biochemical and clinical parameters
showed a statistically significant (p < 0.05) moderate
positive correlation between the level of TC (r = 0.48),
LDL cholesterol (r=0.5) and the VAS score in groups 2
and 3. A statistically significant (p < 0.05) moderate
positive correlation was determined between the level
of CA and the Lequesne index of subjective assessment
of the knee function (r= 0.52) in the same groups
(Fig. 1-3).
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Fig. 1 Correlation analysis of the VAS score and the TC level in
patients with the metabolic phenotype of OA (groups 2 and 3)
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index and the level of CA in patients with
the metabolic phenotype of OA (groups 2
and 3)

15 20 25 30 35 40 45 50 55 60
Atherogenic coefficient

6.5 7.0

DISCUSSION

Studies demonstrating the effect of melatonin on
lipid metabolism in light of cardiovascular diseases
report promising but contradictory results. A recent
meta-analysis of the effect of melatonin supplementation
on dyslipidemia and anthropometric indices reported
an overall positive effect of melatonin on LDL
cholesterol and TG levels compared with controls [11].
No significant effect on HDL cholesterol levels and
anthropometric parameters was found. These results are
generally consistent with our findings with the average
physiological dose of melatonin used and the patients
were not limited by calories to be consumed per day.
Nevertheless, the positive effect on the level of HDL
cholesterol in our series was encouraging due to the
exceptional significance of the fraction in the genesis
of metabolic disorders in the metabolic phenotype of
OA. A review of the results of several clinical studies
on the lipid-lowering effects of melatonin would allow
to conclude that significant effects of melatonin on
plasma lipoproteins could be found at relatively high
concentrations of melatonin (6-10 mg per day) and
lower doses remained ineffective [12, 13]. However,
our results suggested that both lower concentrations
and a relatively short duration were beneficial. The
assumption of higher doses of melatonin used over
longer periods of treatment resulting in significant
reductions in total cholesterol and triglyceride levels are
not always supported as evidenced by a meta-analysis
of randomized controlled trials (RCTs) [14]. Since the
mechanisms underlying the lipid-lowering effect of
melatonin are very limited and debatable, the known
molecular signaling pathways for the pathophysiology
of dyslipidemia and OA may be a potential application
point for melatonin [7, 15]. Recently published results
of experiments performed on a human hepatocellular
carcinoma (HepG2) cell line [16] treated with melatonin
(0.1-0.3 mM) and then validated in animal models
of obesity [17] showed significant inhibition in the
accumulation of triglycerides and cholesterol caused

by incubation of HepG2 cells with high concentrations
of oleic acid. Preliminary use of melatonin induced
phosphorylation of mitogen-activated protein kinase
(AMPK) and acetyl-CoA carboxylase (ACC) causing
theiractivation and inactivation, respectively. Expression
levels of peroxisome proliferator-activated receptor-a
(PPARq) and its target gene carnitine palmitoyl-CoA
transferase 1 (CPT1) which are associated with lipolysis
are activated by melatonin, while expression of sterol
regulatory element binding protein-1c (SREBP-I1c),
fatty acid synthase (FAS) and stearoyl-CoA desaturase-1
(SCD1) associated with lipogenesis were suppressed.
However, melatonin did not alter the expression of
genes involved in cholesterol metabolism including
3-hydroxy-3-methylglutaryl-CoA reductase (HMGR)
and SREBP-2. AMPK phosphorylation and activation
may play an important role in the inactivation of lipid
metabolic pathways and the activation of triglyceride
catabolic pathways. PPARa activation can lead to an
increase in plasma HDL concentration and a decrease
in LDL concentration depending on the increased
expression of the LDL receptor in liver cells. However, it
is not known whether these findings can be extrapolated
to other cell lines, such as cartilage or bone cells.
Wan-Su Choi et al. [4] found that chondrocytes
in OA elevated cholesterol levels due to increased
cholesterol uptake mediated by increased levels of
oxidized low-density lipoprotein receptors (LOXT1),
activation of cholesterol hydroxylases and increased
production of oxysterol metabolites. This was most
likely due to an increase in the transcriptional activity
of orphan receptor alpha (RORa) by direct cholesterol
binding ligands, cholesterol-25-hydroxylase (25-HC)
and 25-hydroxycholesterol 7a-hydroxylase (25-HC7a).
This could be associated with increased regulation of
matrix metalloproteinases (MMP3, MMP9, MMP12,
MMP13), disintegrin and metalloproteinases with
thrombospondin motifs (ADAMTS4 and ADAMTSS)
that accompanied the destruction of the cartilage
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extracellular matrix. The results of other studies showed
that hypercholesterolemia accelerated OA progression
due to mitochondrial dysfunction in chondrocytes,
partially by increasing the production of ROS [18].
Some of the effects of melatonin could be also related
through these molecular pathways. Recently, more and
more attention has been paid to signaling pathways
that regulate transcription, for example, the hypoxia
inducible factor (HIF) family. The modulating effect is
explored not only in the context of the tumor process,
but also in the pathogenesis of the metabolic syndrome
and OA [19, 20]. The HIF protein family consists of o
and B subunits that function by forming heterodimers
[21], and the two main HIF isoforms (HIF-1 and HIF-
2) mediate the cell response to hypoxia [22]. Several
studies show that the induction of HIF-la promotes
the release of chemokines and inflammation of adipose
tissue under relative hypoxia of adipocytes, [23], and the
reduction of dyslipidemia and arteriosclerosis by some
drugs occurs due to inhibition of the level of a number
of regulated proteins through the HIF-1 signaling

pathway [24]. It is worth considering and suggesting
that the regulation of lipid metabolism by melatonin in
the metabolic phenotype of OA, both at the systemic
level and in the bone and cartilage tissue, is carried out
in a similar way through HIF signaling pathways [24].
Our correlation analysis showed a moderate correlation
between TC, atherogenic fractions of LA and CA with
clinical pain score and function of the knee joints that
is supported by the results of previous studies [3, 25]
on the relationship between dyslipidemia and OA, and
the need to resolve dyslipidemia in OA becomes even
more obvious. The limitations of the study including a
small sample of patients and the lack of blind control
could have led to a limitation in the evaluation of the
effectiveness of the drug. Dynamical evaluation of
melatonin levels in body fluids during treatment would
be practical for more accurate interpretation of causal
relationships in future studies. In-depth studies of the
molecular mechanisms in cell cultures and in vivo that
underlie the phenomenological results of the study will
be able to supplement and confirm the data obtained.

CONCLUSION

Melatonin  incorporated into the basic
therapy was shown to exert a positive effect on
pain assessment, condition of the knee joint
evaluated with knee rating scales and subjective

instruments, objective examination. The moderate
antiatherogenic effect facilitates the therapeutic
regimen to be considered in management of
metabolic osteoarthritis.
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