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Oral Intake of a Liquid High-Molecular-Weight Hyaluronan Associated
with Relief of Chronic Pain and Reduced Use of Pain Medication:
Results of a Randomized, Placebo-Controlled Double-Blind Pilot Study
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ABSTRACT The goal for this study was to evaluate the effects of daily oral intake of a consumable liquid fermentate
containing high-molecular-weight hyaluronan, as well as to perform a basic evaluation of safety and tolerability. A ran-
domized, double-blind placebo-controlled study design was used to examine the effects of oral intake of hyaluronan on
chronic pain conditions. Safety assessment included a complete blood count with differential, blood chemistry and electro-
cardiogram. The study duration was 4 weeks, where three tablespoons (45 mL) product or placebo was ingested during the first
2 weeks, and two tablespoons (30 mL) was consumed during the last 2 weeks. Seventy-eight people between the age of 19 and
71 years enrolled, and 72 people completed the study. Statistical analysis was performed using the two-tailed independent #-
test for between-group significance and using the paired #-test for within-group significance. A reduction in pain scores was
seen after 2 weeks of consumption of both placebo (P <.1) and active (P <.065) product; the reduction was more pronounced
in the group consuming the active test product. Using “‘within-subject’” analysis, a highly significant reduction in chronic pain
scores was seen after 2 weeks of consumption of three tablespoons of active product (P<.001), whereas only a mild
nonsignificant reduction in pain scores was seen in the placebo group. During the reduced intake for the last 2 weeks of study
participation, pain scores showed a slight increase. During the last 2 weeks, a significant increase in the quality of sleep
(P<.005) and level of physical energy (P <.05) was seen. The pain reduction during the initial 2 weeks was associated with
significant reduction in the use of pain medication (P <.05). Consumption of an oral liquid formula containing high-

molecular-weight hyaluronan was associated with relief of chronic pain.
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INTRODUCTION

EGENERATIVE JOINT DISEASE and other rheumatic con-
ditions, such as arthritis, are the second most common
musculoskeletal diseases among adults,'~> which represent
significant public health issues due to hospitalization costs
and loss of quality of life. In the past decade alone, the costs
of hip and knee replacement procedures have increased by
more than 100%* and are expected to continue to rise.
Articular cartilage, the hyaline connective tissue lining
the surfaces of synovial joints, functions to transmit force
across joints and provide a smooth surface for limb move-
ment. However, with age-related wear and tear, the articular
cartilage is subject to significant structural, mechanical, and
matrix changes consisting of mild fibrillation of the articular
surface and a decrease in proteoglycan monomer size and
aggregation.” These changes have been linked to a pro-
gressive reduction in the ability of chondrocytes to maintain
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cartilage homeostasis as a result of decline in mitotic and
synthetic activity, to respond to anabolic growth factors, and
synthesize cartilage-specific proteoglycan core proteins
(CSPCP).% The overall loss of matrix tensile strength and
stiffness that accompany aging result in a restriction of joint
movement and loss of mobility, which may lead to the de-
velopment of degenerative cartilage diseases.

Local inflammatory responses are characteristic of our
innate immunity and function to recruit inflammatory cells
to the joint and stimulate the inflammatory cascade. How-
ever, while acute inflammation is controlled by the rapid
production of anti-inflammatory cytokines following the
release of proinflammatory cytokines, chronic inflammation
results when initiating factors persist or the mechanisms
responsible for carrying out the inflammatory response fail.”
Chronic inflammation has been linked to several degenera-
tive human joint diseases and can affect pain thresholds,
thus altering the perception of pain and further reducing the
range of motion and activity levels.

While acute pain stimulates motor responses to noxious
stimuli, chronic pain due to deteriorating joint health results
from a combination of insufficient production of collagen
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and hyaluronan (HA), increased mechanical stress, struc-
tural degradation of cartilage and bone, as well as prolonged
local inflammatory processes.® In addition to deteriorating
joint health, chronic pain can result in adverse health effects,
including an unbalanced posture due to body compensation,
restricted range of motion, muscular hypertonicity and re-
duced muscle strength, and reduced activity levels.

HA, also referred to as hyaluronic acid, is a high molecular
mass polysaccharide consisting of repeating N-acetylglu-
cosamine and glucuronate subunits.” Depending on the source,
such as rooster combs or microbial fermentation, the molec-
ular weights of HA molecules can vary between 10* and 10’
Da.'?High- and low-molecular-weight forms of HA have been
reported to exhibit distinct biological effects, which may be
mediated by their unique bindings with CD44 receptors.'!
Many studies have shown that high-molecular-weight HA
exhibits anti-inflammatory effects by inhibiting cell prolifer-
ation and mobility in vivo.'> Conversely, low-molecular-
weight HA has been observed to stimulate cell proliferation
and mobility, thus resulting in proinflammatory effects.'

HA has been observed to have anti-inflammatory and an-
algesic properties in articular joints, which may be attributed
to its inhibition of IL-1-induced type 2 collagen mRNA
downregulation.'* With age-related changes in articular car-
tilage and an increase in proinflammatory cytokine and free
radical production, the concentration and molecular weight of
hyaluronic acid are greatly reduced.! This affects both the
viscosity and elasticity of HA molecules, thus reducing the
ability of joints to respond to changes in shear force.'? These
changes have been shown to lead to intra-articular inflam-
mation or increased cartilage degradation.

Due to its chondroprotective and shock-absorbing prop-
erties in synovial fluid, intra-articular injections of HA have
been widely used to treat inflammation-induced or age-
related joint pain.!>!%!7 However, the effectiveness of this
method for treating chronic joint pain is still debated.'>!
For example, although there have been clinical studies re-
porting relief of pain symptoms lasting ~ 6 months, a meta-
analysis of 89 trials revealed a clinically insignificant effect
on pain scores and an increased risk of serious adverse ef-
fects.?? In addition, it has been reported that while the mean
intra-articular half-life of injected HA was 20.8 h in normal
sheep joints with no intra-articular challenge, the average
half-life dropped to 11.5h in joints with acute inflamma-
tion.'?> The most recent evidence-based guideline for the
treatment of osteoarthritis of the knee does not support the
use of viscosupplementation (i.e., injecting HA).>

In contrast to injecting HA, the oral consumption of high-
quality HA products has gained interest and has been shown
in animal studies to result in absorption into the bloodstream
and significant effects on peripheral tissues, such as
joints.%2*25 Specifically, an animal study using radiolabeled
high-molecular-weight HA found that small amounts of HA
was incorporated into skin, bone, and joint tissue of rats 24 h
after oral administration.?! These results challenged the
assumption that the large size and molecular weight of HA
would restrict systemic uptake and clinical effectiveness.
The movement of high-molecular-weight HA into and out of

synovial spaces and tissues through lymphatic transport is
well-documented, which provides further support for the
integration of orally administered HA into systemic circu-
lation and connective tissues.?!

Consumable hyaluronan may provide an alternative to the
prescription of pharmaceuticals, injected viscosupple-
mentation, or surgical interventions. This study was under-
taken to test the efficacy and safety of a liquid oral product
containing high-molecular-weight HA. This clinical study
collected a core set of data on relief of chronic pain and
increased daily functionality in humans consuming the test
product. In addition, the study used standard tests to eval-
uate safety parameters and also asked questions regarding
observations (positive and negative) by study participants.

MATERIALS AND METHODS
Study design

A randomized, double-blind, placebo-controlled clinical
study design was used. Seventy-eight people went through
screening and were enrolled into the 4-week study upon
signing written informed consent, as approved by the Sky
Lakes Institutional Review Board (FWA 2603) (Fig. 1).
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FIG. 1. Consort flow chart of the study participants. The ratio of
males:females was 1:2. Among the female study participants, three
females dropped out before the 2-week follow-up visit, and an ad-
ditional three females dropped out before the 4-week follow-up visit.
No males dropped out of the study. A total of 72 people completed
the study.
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TABLE 1. DEMOGRAPHICS OF STUDY PARTICIPANTS

Placebo Oral HMW HA P
Females 27 25
Age average® 50.6+12.5 43.5+12.7 .047
Age range 22-71 19.9-65.6
BMI average® 31.8+£6.6 31.7+£7.1 521
BMI range 18.2-42.3 18.9-46.9
Males 12 14
Age average® 45.4+14.2 50.8+15.2 357
Age range 21.8-69.1 19.1-65.9
BMI average® 30.8+£7.2 29.1+£4.5 486
BMI range 20.5-49.2 21.6-36.8

“The average + standard deviation is shown.
HMW, high molecular weight; HA, hyaluronan.

People were excluded from study participation if they had
consumed HA-containing nutritional supplements during
the month before the study, were taking prednisone, or had
done so within 6 months before the study, had known liver
or kidney disease, were taking diuretics medication, un-
dergoing intensive medical treatment for diseases such as
cancer or viral illness, and if they were undergoing stressful
life events that could affect compliance. People on daily
pain medication, nondiuretic blood pressure medication, and
cholesterol medication were not excluded from participating
in the study. People with fibromyalgia or rheumatoid ar-
thritis and other autoimmune diseases were not excluded
solely based on the diagnosis. Screening was performed to
ensure normal blood chemistry and heart function as mea-
sured by a 3-lead electrocardiogram (ECG). After successful
screening, participants were randomized to consume either
placebo or a liquid oral HA product (Table 1). Follow-up
visits were scheduled at 2 and 4 weeks. The study was
carried out in Southern Oregon between July and November
2012, at a study location where study participants live and
work at an elevation of 1200-1500 m above sea level.

Consumables

The active consumable product and placebo were pro-
vided by Viscos, LLC. (Fortville, IN, USA). The active
product is a liquid microbial fermentate containing high-
molecular-weight hyaluronan (HA) at a level of 5 mg/mL
and was flavored with sucralose and a mild raspberry flavor.
The placebo product had a similar viscosity, sweetness, and
flavor, but did not contain the microbial fermentate. The
average molecular weight of the HA ranged between 2.5 and
2.8 million Daltons. Study participants were given a mea-
suring spoon with the test products and instructed to con-
sume three tablespoons (45 mL) during the first 2 weeks of
the study and two tablespoons (30mL) during the last 2
weeks of the study.

Pain assessment

For this study, each person’s anatomical areas of primary
and secondary chronic pain, associated with joint stiffness
and reduced function, were identified at the screening visit

before study start. This information was used at subsequent
visits for scoring each person’s main complaints in parallel to
the overall pain. At each visit, pain levels for both the primary
and secondary areas were scored for ‘“pain at rest”” and ‘“pain
at use,” using an unmarked 100-mm Visual Analogue Scale
(VAS). The VAS was 100mm without increment marks,
where one end was labeled ‘‘no pain,” and the other end was
labeled “‘intense pain.”” The score was measured on the scale
in millimeters and scored in percentage.

Safety assessment

At screening, 2-week, and 4-week follow-up, blood was
drawn to perform a complete blood count (CBC) with dif-
ferential count, a comprehensive metabolic panel (CMP),
and Hepatic Function. At screening and 4-week follow up, a
3-lead ECG was performed.

Adherence to study protocol

At each study visit, the study participants went through an
interview to monitor adherence to the study protocol. The re-
turned product was weighed to track compliance as it pertains
to the consumption of the allocated test product (Table 2).

Statistical analysis

The number of subjects was based on power calculations
based on data from a preliminary open-label pilot study, this
study was 90% powered to detect a 10% change. Statistical
significance of changes from baseline to later assess-
ments was evaluated by between-groups analysis using the
two-tailed independent 7-test. Within-subject analysis was
performed using the two-tailed paired 7-test. Statistical sig-
nificance was indicated if P <.05.

RESULTS

Reduction of chronic pain

The primary purpose of this 4-week study was to gather
data from a placebo-controlled study regarding chronic pain
reduction during consumption of oral liquid high molecular
weight (HMW) HA. Subgroup analysis included evaluation of
pain medication, pain scores at study start, use of antide-
pressants, and diagnosis of fibromyalgia. Analysis of pain
scores for each person’s identified primary area of pain from
the 63 study participants who were not diagnosed with fi-
bromyalgia syndrome (FMS) (32 in the placebo arm, 31 in the
active product arm) showed changes within 2 weeks. A re-
duction in pain scores was seen for both the placebo group and
the group consuming oral HMW HA; however, the reduction

TABLE 2. COMPLIANCE BASED ON WEIGHT OF CONSUMED PrRODUCT

Average compliance (%)*

Compliance during Phase 1 (3 tbsp/day) 84.09
Compliance during Phase 2 (2 tbsp/day) 86.56
Compliance during entire study 85.79

“These %s include all 72 study participants.
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was more robust in the group consuming oral HMW HA,
reaching a statistical trend both when scoring for ‘“‘pain when
inactive” (P<.1) and when scoring for “‘pain when physi-
cally active” (P<.065) (Fig. 2). Analyzing the data for the
oral HMW HA group using within-subject analysis, the pain
scores when physically active showed a statistically signifi-
cant reduction at the 2-week visit (P <.001), followed by a
mild increase in pain during the last 2 weeks of the study.

Among the nine study participants with a physician-
confirmed diagnosis of FMS (five in the placebo arm, four in
the active product arm), the data suggested a statistical trend
at the 4-week follow-up, where reduced pain scores reached
borderline significance when compared to the baseline using
within-subject analysis (P <.065). This suggested a slower
response in people with a physician-confirmed diagnosis of
FMS.

Reduced use of pain medication

The scores for how much people relied on pain medication
during the day showed a mild decrease in the placebo group
and a more robust decrease in the group consuming oral
HMW HA, however, the difference did not reach statistical
significance (Fig. 3). Analyzing the reduction within each
group using within-subject analysis showed no significant
changes in the placebo group, but the decrease was statisti-
cally significant (P <.05) in the use of pain medication during
the first 2 weeks in the group consuming oral HMW HA,
followed by an increase during the last 2 weeks of the study
where people had more physical energy. This should also be
interpreted in light of the lower dose consumed during the last
2 weeks (two tablespoons) as compared to three tablespoons
during the first 2 weeks of the study.

Self-reported changes

When subjects were asked to score their quality of sleep
and their physical energy level, a significant increase in the
self-reported quality of sleep and physical energy levels was
seen in the population consuming oral HA, when comparing
to the placebo group (P <.03). The improved quality of
sleep and physical energy was most distinct during the last 2
weeks of the study, when pain scores had started to increase
again, suggesting continued improvement in personal
wellness. The improved sleep quality was seen within 2
weeks when compared to baseline for the group consuming
oral HMW HA (P <.09), and this improvement reached a
high level of significance at 4 weeks (P<.01), data not
shown. Self-reported energy levels improved during the last
2 weeks of the study, but did not reach statistical signifi-
cance (P <.07). When subjects were asked to rate their skin
health, statistically significant improvements for skin soft-
ness and skin firmness were seen in the group consuming
oral HA, but not in the placebo group.

Safety assessment

The safety evaluation during the 4-week study included
CBC with differential count, CMP, and 3-lead ECG.

The purpose of the CBC analysis was to examine whether
consumption of oral HA would result in changes in blood
cell numbers, for example, if allergies were increased as a
reaction to ingredients in the product or cell production/
death in other ways affected. The CBC data did not show
any major changes. All group averages remained within the
normal ranges for each parameter (data not shown). An in-
crease in eosinophil numbers was seen for the placebo
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FIG. 2. The average pain scores are shown for the primary pain when physically active. The primary pain area was identified for each study
participant at baseline, and pain in that area tracked throughout the study. The pain level was scored using Visual Analogue Scales (0-100). The
data are shown as mean* SEM. After 2 weeks of consumption, the average pain score was lower in the group consuming oral HMW hyaluronan
(HA) than in the placebo group (*P <.065). Analyzing the change in pain reduction within the group consuming oral HMW HA reached a high
level of statistical significance at 2 weeks (***P <.001). The mild increase seen between 2 and 4 weeks may be a combination of the lower dose
consumed during the second phase and also that people had more physical energy and were more physically active.



ORAL HYALURONAN: RELIEF OF CHRONIC PAIN 99

60 4 Use of pain medication

50 4
@
iE
2 40 -
£
E
2 30 45 mL/day 30 mL/day
g'ﬁ
c
L]
5 2041
-3

10 4 = Placebo

—0ral HMW HA
0
Baseline 2 weeks 4 weeks

FIG. 3. The average reliance on pain medication is shown. The
reliance on pain medication was scored using Visual Analogue Scales
(0-100). The data are shown as mean+SEM. There was no statisti-
cally significant difference in the use of pain medication between the
two groups, however, the reduction in pain medication seen within
the group consuming oral HMW HA reached statistical significance
at 2 weeks (*P <0.03). The increase seen between 2 and 4 weeks may
be a combination of the lower dose consumed during the second
phase and also that people had more physical energy and were more
physically active.

group, suggesting that some people experienced allergies
during the study. No similar increase was seen for the group
consuming oral HA; in contrast, a mild decrease in eosin-
ophil numbers was seen in the group consuming oral HMW
HA.

The purpose of the CMP was to examine whether con-
sumption of oral HMW HA would result in changes in
blood chemistry, for example, if the consumption of oral
HMW HA would lead to stress on liver or kidney function
(Table 3). The CMP data did not show any major changes
and all group averages remained within the normal ranges
for each parameter. However, using within-subject analysis,
there were statistically significant changes seen for several
data sets for the group consuming oral HMW HA. The blood
levels of sodium, CO,, blood urea nitrogen, creatinine, and
albumin were decreased. These effects were very minute,
but using the within-subject analysis (paired two-tailed
t-test) reached significance (P <.05).

The glomerular filtration rate was in the normal range
(above 60 mL/min/1.73m?) for all study participants at
screening and at both subsequent blood draws.

The ECGs for all study participants were normal at study
start (screening visits) as well as at study exits. Thus, no
changes to heart function, as measured by the 3-lead ECG,
were seen as a result of consumption of oral HMW HA (data
not shown).

DISCUSSION

The goal for the study presented here was to evaluate a
chronic pain management strategy using oral liquid micro-
bial fermentate containing high-molecular-weight hya-
luronic acid as an alternative to injected HA. The data have
shown that the oral HMW HA is both efficacious and safe.
The daily consumption of oral HMW HA resulted in re-

duced pain and use of pain medication already after 2 weeks.
At that time, in the chosen study design, the daily dose was
reduced from three tablespoons (45 mL) to a maintenance
dose of two tablespoons (30 mL). During the last 2 weeks of
the study, where the maintenance dose was consumed, no
further decrease in chronic pain was seen. The self-reported
quality of sleep and energy levels continued to increase
through the 4-week study, suggesting that the lack of con-
tinued reduction in pain scores was due to a combination of
the reduced dose of product and increased activity levels.
This is typical of chronic pain studies where an initial pain
relief is associated with increased physical activity, resulting
in either no further change or even a slight increase in pain
scores due to the increased activity.®

The noninvasive use of oral high-molecular-weight HA is
an attractive intervention and the effectiveness may stem
from accumulation of HA in connective tissue. The direct
immune modulating properties of HA are multifaceted and
may happen through CD44- and/or ICAM-1 signaling
pathways.?® With respect to CD44/HA interaction, high- and
low-molecular-weight forms of HA have different effects on
CD44 clustering, signaling, and downstream cellular be-
havior such as adhesion.'' The molecular weight of HA has
direct impact on whether pro- or anti-inflammatory effects
are prominent, including crosstalk between HA-mediated
signaling and the COX-2/prostaglandin pathways. Thus,
current research has accumulated a convincing volume of
documentation of the direct anti-inflammatory properties of
high-molecular-weight HA.'#

The overall safety data included CBCs with differential
counts, CMP of blood markers, and ECG, and showed no
significant changes between the two groups. Within the
group consuming oral HMW HA, several metabolic markers
showed significant changes during the 4 weeks of oral HA
consumption. These changes were very small but did reach
statistical significance using within-subject analysis and will
need further evaluation. Several of these parameters may
possibly relate to a better hydration status. Water/fluid
consumption was not tracked during this studys; it is possible
that consumption of oral HMW HA may have led to a higher
intake of fluids. Alternatively, the oral HMW HA may have
contributed to a reduced level of inflammation, leading to
improved function of organs, including the kidneys.

In light of the recent changes in recommended osteoar-
thritis management, where injectable HA is no longer re-
commended,* alternative methods for managing chronic
joint pain are in high demand. The data presented here
suggest that high-molecular-weight HA offers a noninvasive
method for pain management in situations involving mod-
erate chronic joint pain affecting mobility. Future work is
warranted on the oral HMW HA and should include detailed
assessment of inflammatory status and encompass different
study populations, including fibromyalgia patients with
longer study duration, younger study population, athletes,
and people recovering from acute trauma. It will also be of
interest to evaluate the effects of oral HMW HA on its po-
tential effects on inflammatory problems unrelated to joints
and mobility.
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