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Abstract

This study compared the chondroprotective actions of glucosamine and chondroitin sulphate iontophoresis for
cartilage remodeling using Interleukine-6 and Uric Acid as biomarkers. 78 participants with grade Il knee OA were
randomly assigned to 3 groups. Group one participants received 1g of glucosamine sulphate (GS) while group two
received 1g of chondroitin sulphate (CS) through iontophoresis (40mA- min as dosage). Group three participants
served as control. The serum concentrations of IL-6 and uric acid were determined while the cartilage thickness
was measured using a 7- to 12-MHZz linear probe. Descriptive statistics and ANOVA were used to analyze the
data. There were significant reductions in the concentrations of interleukin-6 and uric acid at 12th week compared
to baseline for the 3 groups (p = 0.01). The IL-6 in the CS group was significantly lower compared to that of
the GS group (p = 0.01). After 12 weeks, across the 3 groups, no significant changes were observed in uric acid
concentrations and sonographic features (JSW and ICT). The administration of both drugs significantly reduced
inflammatory reactions. However, CS significantly lowered IL-6 compared to GS but there was no significant
effect on uric acid concentration. Also, there was no significant change in cartilage thickening after 12 weeks.
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Introduction prognosis. Osteoarthritis was considered to be a non-

It is increasingly imperative to understand the
biochemical and molecular changes involved in
the pathogenesis of osteoarthritis (OA), as this may
give an insight to providing effective treatment
options, and monitoring disease progression or

inflammatory joint disease but there are emerging
evidences that inflammatory mediators are produced
by articular tissues that are implicated in the
pathogenesis®?34,

Morphological changes in OA include cartilage

Corresponding Author: Onigbinde A.T, Medical Rehabilitation department, College of Health Sciences, Obafemi

Awolowo University, Ife, Nigeria.

E-mail: ayotesonigbinde@gmail.com




62 Indian Journal of Physiotherapy and Occupational Therapy/Volume 17 No. 4 October-December 2023

erosion and synovial inflammation and these have
been attributed to changes in series of biochemical
factors, including proteolytic enzymes resulting in
cartilage breakdown®. Although, there is still doubt
about biomarkers in relation to stages of osteoarthritis
in patients but biomarkers such as interlukin-6 and
uric acid have been reported to compromise cartilage
degeneration and synovitis leading to greater risk of
cartilage loss in patients with OA®%”. Increased plasma
biomarkers have been considered to be the hallmark
of increasing joint inflammatory reactions® & Few
studies reported that the level of different biomarkers
were more in synovial fluid than sera due to their

origin from joint cartilages®?3%.

Amongst drugs which have been speculated to be
disease-modifying are glucosamine and chondroitin,
but the magnitude of their effects remain unclear
and controversial®. Both drugs are two molecular
building blocks found in articular cartilage, and most
clinical research suggested that they have potentiality to
retard progression or regenerate damaged cartilage®®.
Most of these trials adopted either the use of oral
or intramuscular injections in the administration of
glucosamine and chondroitin sulfate whereas there are
alternative methods involving the use of electromotive

forces in medical rehabilitation field1011.1213,

Biomarkers such as interleukin - 6 and uric acid
are known for quantifying joint remodeling and
disease progression'>!3. Specifically, interleukin-6
and uric acid have been reported to be important
in monitoring the efficacy and safety of disease
modifying OA drugs'*. The use of electromotive
force, especially iontophoresis is becoming a
trend in the management of degenerative OA °.
Electromotive Drug Administration of glucosamine
sulphate had been reported to reduce pain, improve
physical function and enhance cartilage thickening
in patients with knee OA'®. However, it is unknown
if iontophoretic application of glucosamine cream
will be more effective than chondroitin sulphate in
lowering inflammatory reactions and increasing
cartilage with knee

regeneration in patients

osteoarthritis.

Materials and Methods

78 patients with OA of the knee joint were
recruited from the Physiotherapy Departments of
Osun State University Teaching Hospital, Osogbo,
Osun State, Nigeria. The study period was (June 2020
to July 2021)..

Instruments

The major test instruments and reagents are
Glucosamine sulphate cream (glucosamine 8% w/w),
(Urah), Chondroitin sulphate cream (Vitabiotics),
Ultrasound scanning machine (Model; Landwind
Mirror 5China), Electrical stimulator (Model:
Endomed 582, India), Elisa plate reader (Model: URIT
660, China) was used for reading optical density (OD)
micro plate, Elisa plate washer and incubator (Model:
URIT 660, China), Microwell (Model: Accubing,
USA) - It is the template with which sample, control
and reagent are dispensed, Pipette (Model: 5ml,
China), Plasma transfer bottle (Model: 5ml plain) and
Chromogen (Model: Accubing, USA).

Methods: Inclusion and Exclusion Criteria

Included were patients with grade II knee
osteoarthritis, being 30 years and older, and duration
of onset not less than three months. Excluded
were patients with history of cardiac disorder with
pacemaker, knee surgery, diabetes and nutritional
disorder, neuromuscular and other musculoskeletal
diseases; and intra articular therapy within two

months before the commencement of the study.
Sampling Techniques

107 patients were recruited and purposive
sampling technique was used to select 87 participants
who met the inclusion criteria. 78 participants
completed the study.

Research Design

A randomized controlled trial involving random

allocation into 3 groups using Fish-bowl technique.
Procedure for Data Collection

Ethical approval was obtained for the study
(UTH/EC/2021/11/549). Informed consent was
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obtained from participants. Group 1 participants
received 2 FTU (an equivalence of 1g) of GS while
group 2 also received 1g of CS, both through
iontophoresis. The control group had quadriceps
muscle strengthening using resisted exercise (1RM,
10 repetitions and 3 sets); a baseline treatment for
the groups. The quantity of weight required for
strengthening was determined for each participant by
determining 1RM". Each patient flexed and extended
the knee joint against the weight for 12 weeks using

Standardized procedures’.

Galvanic current mode was used to deliver the
cream through the skin. One gram of GS was placed
on positive electrode (being positively charged using
Trans-arthral electrode placement technique) for
administration of Iontophoresis [40mA-min (2mA x
20minutes)]*1%20. The active electrode was placed
on the knee side where the participants experienced
higher pain intensity. The skin areas where electrodes
were fastened were cleansed with methylated spirit
(70% alcohol) to minimize the risk of burns?'. The
electrodes were soaked in 3ml of tap water prior to
application and held in place by adhesive straps.
Interventions were twice a week for 12 weeks.

One gram of Chondroitin Sulphate (CS) cream
was placed on the positive electrode of the Electrical
stimulator for participants in group 2. Other

procedures adopted were as for participants in the

GS group. The concentrations of IL-6 in plasma was
determined by Enzyme-linked immune sorbent assay
(ELISA), involving phases of incubation, washing,
dispensing and optical density determination?%.
The concentrations of uric acid in plasma of the
participants with knee OA was also determined
using ELISA?2. Cartilage thickness was measured as
the distance between the thin hyperechoic line at the
synovial space or cartilage interface and the sharp
hyperechoic line at the cartilage-bone interface?. The
cartilage thickness was determined by measuring
the lateral and medial joint space width; and

intercondylar thickening using Ultrasound machine.
Data Analysis

Descriptive statistics and ANOVA were used to
analyze data obtained. Post Hoc Analysis (LSD) was
used to determine trend of differences in the groups.
The Alpha level was set at p < 0.05.

Results

The physical characteristics and duration of onset
of knee OA are presented in table 1. The radiographic
parameters are presented in table 2. There were no
significant differences in LJSW, MJSW and ICT of the
knee joint within the control, and across the groups
(Table 3). The mean and ICT for participants are
presented in Table 4.

Table 1: Across- group Comparison of Physical Characteristics

Glucosamine Chondroitin Control
sulphate sulphate
Mean iSD Mean iSD Mean *SD | F-ratio | p-value
Age (Years) 59.576 12.423 55.962 9.154 63.654 11171 | 3.041 0.005
Weight (Kg) 70.346 7.536 75.500 11.208 76.308 9.711 2.613 0.008
Height (m) 1.585 0.093 1.570 0.946 7.294 29.107 | 1.042 0.361
BMI (kg/m?) 28.092 3.116 30.635 4776 30.644 4218 3.333 0.042

The serum concentration of interleukin-6 for
participants in the GS, CS and control groups are
presentedintable4. Thereweresignificantdifferences
in interleukin-6 concentrations within the GS, CS
and control groups (F= 6.638, P= 0.001, F= 11.936,
P= 0.001 and F= 15.666, P= 0.001). The Post

hoc analysis showed that there was significant
reduction in serum concentration of interleukin-6
at 12t week compared to baseline (p = 0.001) in the
groups (Table 5). Table 4, 5, 6 and 7 also presents
serum concentrations of uric acid within and
across.
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Table 2: Within-groups Comparison of Sonographic Parameters

Baseline 4th week 8th week 12th week
SP(mm) | Mean | ¥SD | Mean | #SD | Mean | ¥SD | Mean | #SD | F-ratio | p-value
GS LJSW 2.655 | 0.715 | 2.660 | 0.723 | 2.671 | 0.717 | 2.720 | 0.705 | 0.114 | 0.736
MJSW 2555 | 0594 | 2561 | 0593 | 2.577 | 0.589 | 2.587 | 0.566 | 0.047 | 0.828
ICT 2.847 | 0.612 | 2860 | 0.601 | 2.892 | 0.597 | 2.937 | 0.587 | 0.340 | 0.561
CSs LJSW 2722 | 0741 | 2.717 | 0.750 | 2.766 | 0.754 | 2.782 | 0.754 | 0.126 | 0.724
MJSW 2447 | 0.652 | 2473 | 0.649 | 2497 | 0.644 | 2.524 | 0.641 | 0.204 | 0.653
ICT 2779 | 0.707 | 2.785 | 0.705 | 3.598 | 3.856 | 2.892 | 0.701 | 0.396 | 0.531
Control | LJSW 3.035 | 0.857 | 2920 | 0.878 | 3.064 | 0.854 | 3.083 | 0.857 | 0.173 | 0.679
MJSW 2.802 | 0.788 | 2.809 | 0.773 | 2.830 | 0.789 | 2.885 | 0.874 | 0.146 | 0.703
ICT 3.034 | 0.869 | 3.037 | 0.851 | 3.063 | 0.864 | 3.082 | 0.861 | 0.051 0.823
GS: Glucosamine Sulphate CS: Chondroitin Sulphate SP: Sonographic Parameters
Table 3: Across-Groups Comparison of Sonographic Parameters
Glucosamine Chondroitin Control
Sulphate Sulphate
Sonographic | Week Mean iSD Mean iSD Mean | *SD | F-ratio | p-value
Parameters
(mm)
LJSW Baseline | 2.655 0.715 2.722 0.741 3.035 | 0.857 3.057 0.083
4th 2.660 0.723 2.774 0.827 2920 | 0.878 1.334 0.252
gth 2.671 0.717 2.766 0.754 3.064 | 0.854 3.267 0.075
12th 2.720 0.705 2.782 0.754 3.083 | 0.857 2.803 0.104
MJSW Baseline | 2.555 0.594 2.447 0.652 2.802 | 0.788 1.676 0.200
4th 2.561 0.593 2.508 0.701 2.809 | 0.773 1.133 0.291
gth 2.577 0.589 2.497 0.644 2.830 | 0.789 1.778 0.186
12th 2.587 0.566 2.524 0.641 2885 | 0.874 2.294 0.134
ICT Baseline | 2.847 0.612 2.779 0.707 3.034 | 0.869 0.807 0.372
4th 2.86 0.60 2.84 0.78 3.03 0.85 0.357 0.55
gth 2.892 0.597 3.598 3.857 3.063 | 0.864 0.070 0.792
12th 2.937 0.587 2.892 3.701 3.082 | 0.861 0.512 0.483
Table 4: Within-Groups Comparisons of concentrations of Biomarkers
Baseline 4th week 8th week 12th week
Biomarkers Mean | SD |Mean | SD | Mean | SD | Mean | SD |F-ratio | p-value
Glucosamine [IL-6 (pg/ml) | 21.274 |3.183 | 20.727 | 3.187 | 20.360 | 3.321 | 18.977 |3.271| 6.638 | 0.011
Sulphate UA(mg/dl) 6.589 |[1.401| 6.104 | 1.221 | 5.545 | 1.134 | 5.106 [1.075|22.010 | 0.001
Chondroitin|IL-6 (pg/ml) | 19.611 |3.007 | 18.457 | 2.839 | 17.901 | 2.771 | 16.984 [2.384 | 11.936 | 0.001
Sulphate UA(mg/dl) 7.062 |1.158 | 6.248 | 1.049 | 5.632 | 1.043 | 5.121 |1.012|46.495 | 0.00 1
Control IL-6 (pg/ml) | 19.434 |2.854|18.840 | 2.678 | 17.820 | 2.524 | 16.724 |2.335 | 15.666 | 0.001
UA(mg/dl) 6.910 |[1.654| 6.270 | 1.597 | 5910 | 1.537 | 5.494 [1.460|10.628 | 0.002




Indian Journal of Physiotherapy and Occupational Therapy/Volume 17 No. 4 October-December 2023 65

Table 5: Within-Group Mean Changes in the Concentrations of Biomarkers

Biomarkers I j Mean Changes p-value
(i-j)
Glucosamine | IL-6 (pg/ml) 4 2.297 0.001
Sulphate UA (mg/dl) 3 1.045 0.001
4 1.483 0.001
Chondroitin | IL-6 (pg/ml) 1 3 1.710 0.028
Sulphate 4 2.627 0.001
UA (mg/dl) 1 2 0.814 0.001
3 1.430 0.001
4 1.940 0.001
Control IL-6 (pg/ml) 1 3 1.614 0.031
4 2.710 0.001
UA (mg/dl) 1 3 1.000 0.026
4 1.417 0.002
Significant at p < 0.05
Key, IL-6; Interleukin-6, UA; Uric Acid. 1: Baseline, 2: 4th week, 3: 8th week, 4: 12t week.
Table 6: Across-groups Comparisons of concentrations of biomarkers
Glucosamine Chondroitin Control
Week Mean *SD Mean *SD Mean *SD | F-ratio | p-value
IL-6 (pg/ml) Baseline | 21.274 3183 | 19.611 | 3.007 | 19.434 | 2.854 4.730 0.001
4th 20.727 3.187 | 18.332 | 2.803 | 18.806 | 2.646 5.014 0.009
8th 20.360 3321 | 17.901 | 2771 | 17.820 | 2.524 9.799 0.002
12th 18.976 3271 | 16984 | 2384 | 16.724 | 2.335 8.851 0.004
UA (mg/dl) Baseline 6.589 1.401 7.062 1.158 6.910 1.654 0.656 0.420
4th 6.104 1.221 6.141 1.123 6.253 1.588 0.156 0.687
8th 5.545 1.134 5.632 1.043 5.910 1.537 1.085 0.301
12th 5.106 1.075 5.121 1.012 5.494 1.193 1.324 0.254

Table 7: Across-Groups Mean Changes in the Concentrations of Biomarkers

Biomarkers I J Mean Changes p-value
(i)
Baseline IL-6 (pg/ml) 3 1.840 0.033
gth IL-6 (pg/ml) 2 2.459 0.003
3 2.539 0.002
12th IL-6 (pg/ml) 1 2 1.993 0.010
3 2.252 0.004
Discussion 242 The current report showed no significant

The assessment of changes in Joint Space Width
is currently the gold standard to monitor the effects
of disease modifying drugs in Osteoarthritis (OA),
and reports have also shown cartilage deterioration

differences in lateral and medial JSW; and ICT
following administration of glucosamine and
chondroitin sulphate for 12 weeks. These findings
contradicted the report of Onigbinde et al, Reginster

et al. and Dahmers®2627. This might be due to manual
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radiographic assessment adopted in previous
studies, that are susceptible to errors®. The clinical
implication of this current finding is that there was
no significant progression in the degeneration of the
knee joint of patients with OA after 12 weeks. Also,
none of the interventions showed supremacy over
the other in slowing down degenerative changes in

the articular surfaces.

The current result showed significant
reduction in the concentration of interleukin-6 at
12th week compared to that of baseline following
administration of glucosamine and chondroitin
sulphate iontophoresis. Significant changes were
only observed in the interleukin-6 after 4™ and 8
week administration of chondroitin and glucosamine
sulphate iontophoresis. Generally, there was a
significant reduction in IL-6 concentration within
each group. Most previous studies documented
decrease in serum concentration to be associated
with decreasing degeneration?-32. Stannus et al and
Mukundan et al reported that IL-6 was elevated in
knee osteoarthritis in older adults?®33. Fraenkel et al.,
Robinson et al and Rubenhagen et al also reported
associations of IL-1p production®35%. Contrarily,
Vlad et al. reported no association between markers
of inflammation and osteoarthritis®. The significantly
lower concentration of serum IL-6 found in this
study, implied reduced inflammatory reactions,
and this could only be attributed to the effects of the
interventions. The uric acid concentrations are also
significantly lowered within each group but none of
the interventions had supremacy over the other. Kim

et al. had earlier reported that serum and urine uric

acid was not a risk factor for knee OA progression®.
Conclusion
Chondroitin sulphate significantly lowered

interleukin-6 compared to Glucosamine but both
reduced knee joint inflammatory reactions. There
was no significant effect on uric acid concentration.
Also, there was no progression in the degenerative
changes after 12 weeks.
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