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Purpose: The objective for this clinical pilot study was to evaluate changes to chronic pain,

vascular health, and inflammatory markers when consuming a dietary supplement blend

(DSB, CytoQuel®), containing curcumin, resveratrol, tocotrienols, N-Acetylcysteine, and

epigallocatechin gallate.

Materials and methods: An open-label study design was used where 21 study participants

were evaluated at baseline and at 2 and 8 weeks after consuming DSB. Participants were

randomized to consume 3 capsules once daily versus 2 capsules twice daily. Pain and

activities of daily living questionnaires were used to gather subjective data on pain levels

and interference with daily living. Blood pressure was measured in both arms and ankles, and

the ankle-brachial index (ABI) calculated. Blood samples were used to evaluate markers

associated with inflammation and cardiovascular health.

Results: Highly significant reduction of chronic pain was seen after 8 weeks (p<0.01), both

at rest and when physically active. Faster improvement was seen when consuming 3 capsules

once daily, compared to 2 capsules twice daily. The pain reduction resulted in improved sleep

quality (p<0.1), and improved social functioning (p<0.01), and less need for support from

others (p<0.05), Normalization of mildly elevated ABI at study start was seen after 2 weeks.

Plasma fibrinogen and von Willebrand Factor and serum matrix metalloproteinase-9 (MMP-

9) showed reduction after 2 weeks (not significant), whereas a reduction in serum inter-

leukin-1 receptor antagonist-a (IL-1ra) was statistically significant after 2 weeks (p<0.05).

Correlation between pain reduction and changes to MMP-9 after 8 weeks was highly

significant (P<0.01), whereas correlation between pain reduction and changes to IL-1ra

reached significance at 2 weeks for the group consuming 3 caps once daily (p<0.04).

Conclusion: Consuming DSB helped manage pain, increased comfort during daily activ-

ities, and improved vascular function. This was associated with selective effects on specific

blood biomarkers associated with inflammation and vascular health.

Keywords: ankle-brachial index, cardiovascular disease, fibrinogen, interleukin-1 receptor

antagonist, matrix metalloproteinase-9, von Willebrand factor

Introduction
Chronic pain is defined as persistent pain for greater than three months. In the

United States alone, based on a 2012 survey, an estimated 23.4 million adults

(10.3%) had chronic pain on a daily basis for three months.1 An even greater

percentage (55.7%) or 126 million adults had intermittent pain over the past 12

weeks before the survey. For those people suffering with the most severe pain, they
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were more likely to report overall worse quality of life.2

With the aging population expanding, these numbers are

predicted to increase.

The symptoms of pain may arise from a multitude of

factors. Inflammation is one mechanism leading to chronic

pain through the activation of NFKB. Activation of the

NFKB pathway has been implicated in contributing to pain

in chronic conditions ranging from migraines to nerve

injury to autoimmune diseases such as Rheumatoid

Arthritis.3,4 The NFKB pathway, once initiated causes an

increase in pro-inflammatory cytokines such as IL-1B, IL-

6, IL-8, and TNF-alpha. Elevated pro-inflammatory cyto-

kines can then activate NFKB further causing chronic

inflammation.5

Pain can also originate from inflammation in the car-

diovascular system.6 This inflammation causes a decrease

in circulation and stiffening of the arteries diminishing

vascular function. Inflammation along with oxidative

stress depleting nitric oxide bioavailability leads to this

vascular endothelial dysfunction resulting in pain.7

Treatment for chronic pain has traditionally been

focused on pharmaceuticals including non-steroidal anti-

inflammatories (NSAIDs) and opioid medications. Each of

these classes of medications have potentially significant

side effects. NSAIDs can cause gastrointestinal bleeding,

have adverse cardiovascular and renal effects, and may

delay healing and may be ineffective for certain people

in severe pain.8 Opioids have a significant risk for addic-

tion and misuse.9 With the significant side effects asso-

ciated with standard pain medicines, safe and effective

alternatives are needed.

Herbal and nutritional supplements are being investi-

gated for pain control based on their anti-inflammatory and

anti-oxidative stress properties.10 Curcumin, the active

ingredient in turmeric can decrease inflammation in multi-

ple chronic diseases.11 One mechanism of action appears

to be NFKB inhibition.12–15 Because of the poor absorp-

tion of natural curcumin, advanced formulations of curcu-

min have been developed for increased absorption with

higher and longer lasting blood levels.16

Resveratrol is another polyphenolic compound with

anti-inflammatory and anti-oxidant properties including

blocking NFKB.17 In addition, the compound appears to

be beneficial for the inflammation and oxidative stress

involved in the development of cardiovascular disease.

Resveratrol improves cardiovascular function by stimulat-

ing endothelial production of nitric oxide, decreasing

oxidative stress, inhibiting vascular inflammation, and

decreasing clotting.18

Epigallocatechin gallate (EGCG) is another phenolic

herbal component derived from tea that has been studied

for inflammation and pain control. Research has shown

EGCG to decrease inflammatory cytokines such as

Interleukin-1β (IL-1β) and TNF-αalpha through inhibition

of NFKB.19 Similarly, to Resveratrol, EGCG seems to

have a beneficial impact on inflammation and vascular

function in cardiovascular disease.20–22

Nutritional components in addition to herbs have also

been found to decrease pain and inflammation. Vitamin E

is a known anti-oxidant but research on use in chronic

disease has shown mixed results possibly due to various

sources and quality of materials studied, and lack of sys-

tematic comparison between studies on tocopherols versus

tocotrienols.23 In most research studies, the form of

Vitamin E used is alpha-tocopherol. Vitamin E is formed

from a combination of four tocopherols (alpha, beta,

gamma, and delta) and four tocotrienols (alpha, beta,

gamma, and delta). Tocotrienols may display 40 to 60

times more antioxidant potential than tocopherols.24,25 In

addition, tocotrienols have been found to have anti-inflam-

matory properties impacting NFKB, signal transducers

such as STAT3, and COX-2 pathways.26–28 Tocotrienols

with their anti-inflammatory and anti-oxidant properties

have shown to be beneficial in cardiovascular disease

including lowering lipids, CRP, nitric oxide, and athero-

sclerotic plaques.29–32

N-acetyl-cysteine (NAC) is a unique nutritional supple-

ment that is a precursor of glutathione and the amino acid

cysteine. Traditionally in medicine, NAC has been used as

a mucolytic medicine and as an antidote for liver toxicity

associated with acetaminophen overdose. NAC is now

researched for its anti-inflammatory mechanisms since it

can inhibit NFKB and decrease proinflammatory

cytokines.33,34 Since NAC is a precursor of glutathione,

its use has been shown to improve markers of oxidative

stress.35,36

Traditional medicinal herbs are often used in combina-

tion for synergistic and strengthening effects. Research has

elaborated on the specific mechanisms involved in their

synergy. Individual herbs may have different abilities to

regulate enzymes and transporters in digestive and detox-

ification pathways, but when combined may support the

pathway through separate mechanisms.37,38 Results from

research studies addressing pain with herbs and nutritional
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supplements in single ingredient formulas have been

inconsistent.

The dietary supplement blend (DSB) was developed for

more efficacious management of pain and inflammation by

combining targeted herbs and nutritional supplements and

is a blend of curcumin with enhanced absorption, resvera-

trol, tocotrienols, NAC, and EGCG. Based on the research

supporting the ingredients in DSB individually for inflam-

mation and oxidative stress, the range of ingredients in DSB

should engage multiple mechanisms of action in inflamma-

tory pathways to improve consistent treatment of pain. The

primary purpose of this research study was to show efficacy

for treating pain and to find an optimal dosing regimen since

neither have been established previously.

Materials and methods
Study design
An open-label study design was used to evaluate the

effects of consumption of a nutraceutical product. The

study was of 8 weeks’ duration, with evaluation at base-

line, 2, and 8 weeks of product consumption. People were

recruited for the study if they met the inclusion criteria of

being 30–75 years of age, having a body mass index

between 20.0 and 34.9 kg/m2, and experiencing chronic

pain in at least one specific anatomical area for more than

6 months. People were excluded from the study if they had

active uncontrolled auto-immune illness, known active

cardiovascular health issues, cancer and/or chemotherapy

in the past 12 months, were prescribed prescription med-

ications for pain, hypertension, blood thinning, hyperlipi-

demia, and if they had surgery or trauma during the past

six months. This study was conducted in accordance with

the Declaration of Helsinki. The study was conducted over

a period of 4 months, from September to December 2017.

The location was Klamath Falls, Oregon, USA, which has

a high-desert climate. During the season of the study, the

weather was changing from hot and very dry to colder and

more humid weather conditions. Twenty-one study parti-

cipants were recruited after providing written informed

consent (as approved by the registered Institutional

Review Board Sky Lakes Medical Center Institutional

Review Board FWA 2603) and passing a screening pro-

cess. Study participants were instructed to maintain a

constant diet and lifestyle during the study. Study partici-

pants were instructed to consume similar breakfasts on the

morning of each clinic visit and to avoid vitamins, nutri-

tional supplements, and exercise the morning of a clinic

visit. They were instructed to avoid coffee, tea, nicotine,

and energy drinks for at least an hour before arrival.

Twenty people completed the study.

Consumable
The consumable test product for the study was a nutraceu-

tical formulation, namely the dietary supplement blend

CytoQuel®, designed to reduce inflammation, and pro-

vided by the manufacturer, Researched Nutritionals, Los

Olivos, California USA. Study participants were assigned

to either consume three capsules once daily or consume

two capsules twice daily. One daily dose, as recommended

on the product label, consisted of 3 veggie capsules. This

daily dose provides 1850 mg of a proprietary blend of

black tea extract (50% of the antioxidant EGCG), NAC,

the enhanced bioavailable curcumin product CurcuWin™,

tocotrienols (a form of Vitamin E), and resveratrol. Some

medical practitioners prefer to give a smaller dose (two

capsules), but to give it twice daily (2467 mg of the

blend). Therefore, study participants were randomized to

one of two groups, taking either three capsules once daily,

or two capsules twice daily. At the baseline, 2-week, and

8-week visits, study participants were given a supply of

the test product to last until the subsequent visit. They

were instructed to consume the capsules with food. Study

participants were instructed to return the bottles with any

unused capsules. Capsule counts were used to document

compliance with respect to consumption of test product.

The average compliance was 91%.

Blood pressure
Blood pressure was monitored at all study visits, using an

Omron BP 742 monitor. To calculate ankle-brachial

indexes (ABIs), blood pressures were taken on both right

and left arms, and on both legs above the ankle such that

the bottom edge of the blood pressure cuff was two inches

above the lateral malleolus bone.39,40

Questionnaire-based data collection
At each study visit, four questionnaires were adminis-

tered where the study participant would answer the ques-

tionnaires by use of a tablet computer in the presence of

clinic staff available to answer any questions or provide

clarifications. The Pain scoring questionnaire assessed

pain levels both at rest and while active and included

pain in different anatomical regions; the Activities of

Daily Living questionnaire monitored many aspects of

daily functioning; a Wellness questionnaire contained
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questions regarding general health and wellness, and a

Health questionnaire recorded relatively minor but notice-

able health issues such as changes in allergies or fre-

quency of headaches.

Testing of inflammatory biomarkers
At each visit, a blood draw was performed and used for

evaluation of a panel of biomarkers for inflammation and

vascular health. The measurement of high sensitivity C-

reactive protein was performed at a clinical diagnostic

laboratory. Testing of all other biomarkers was performed

at NIS Labs using utilizing xMAP technology (Luminex,

Austin, TX, USA).

Serum levels of the following cytokines were tested:

IL-1β, IL-1ra, IL-6, IL-8 (CXCL8), IL-10, IL-13, IL-17,

interferon gamma (IFNγ), MIP-1α, MIP-1β, MCP-1, and

tumor necrosis factor alpha (TNFα), using Bio-Plex Pro™

multiplex Luminex immunoassays (Bio-Rad Laboratories,

Hercules, CA). Serum levels of 5 matrix metalloprotei-

nases (MMP-1, MMP-2, MMP-7, MMP-9, and MMP-10)

and plasma levels of fibrinogen and von Willebrand Factor

(vWF) were tested using MilliPlex Luminex panels

(Millipore, Burlington, MA USA).

Statistical analysis
Group averages and standard error of the means (SEM) for

each data set were calculated using Microsoft Excel.

Statistical significance of changes from baseline to later

assessments was evaluated by between-treatment analysis

using ’within-subject’ analysis using the two-tailed, paired

t-test. Analysis was performed for people consuming three

capsules daily and for people consuming two capsules

twice daily. Analysis was also performed on all study

participants, since they all consumed a minimum of three

capsules daily. Additional ‘between-groups’ analysis

examined whether there were significant differences

between the two dosing regimens, using the two-tailed,

unpaired t-test.

The outcome variables: Primary pain at rest, IL-1ra,

vWF, and MMP-9 were analyzed using a linear mixed-

effects model. Unstructured covariance structure was used

to model the dependence between observations for each

subject, and the type 3 F-test was used to test if the effect

of a predictor (ie, the fixed effect) was statistically signifi-

cant. For factors with more than two levels (for example,

time), if the effect was significant, pairwise comparison

was performed to evaluate at which two levels the statis-

tically significance occurred. To control for the family

wise error rate, the multiple comparison procedure,

Tukey–Kramer test was implemented.41

The quantile-quantile (QQ) plots of the scaled residuals

(obtained after multiplying the raw residuals by Cholesky

decomposition) were used to assess the multivariate nor-

mality assumption of the linear mixed-effects model.42–44

Wilcoxon rank-sum tests were conducted to determine if

there was a statistically significant difference in the out-

come variables between the two groups (A vs B).

Normality of the data was assessed via the QQ plots.

Analyses were conducted using SAS version 9.4 (SAS

Institute, Cary, NC).

In order to determine the correlations between the follow-

ing outcomemeasures, including ‘Pain at rest‘ and ‘change in

pain at rest‘, and the biomarkers vWF, MMP-9, and IL-1ra,

Spearman’s correlations were computed for the overall sam-

ple, and by stratifying the sample by time and group.

For any tests, a p-value less than 0.05 indicated sig-

nificance, and a p-value less than 0.01 indicated a high

level of significance.

Results
Study population
Seventy-three people were pre-screened, 23 people were

screened, and 21 people recruited based on the inclusion/

exclusion criteria listed above. Please see the Consort flow

chart in Figure 1. Twenty participants completed the study.

Table 1 shows the number of participants, average age, and

BMI for each gender.

Pain levels and physical functioning
Significant pain reduction was observed during the study and

positively affected activities of daily living. The reduction in

primary pain when being physically active was statistically

significant already after 2 weeks and reached a high level of

statistical significance at 8 weeks (p<0.01) (Table 2). Pain

reduction was also seen for both primary and secondary pain

areas at rest, and the reduction was highly significant after 8

weeks (p<0.01). The improvements resulted in significant

reduced need for support from others (p<0.05), a statistical

trend towards improved sleep quality (P<0.1), and highly

significant reduction in pain interfering in social life

(p<0.01). In addition, reduction in both stiffness and pain

interfering with daily activities was highly significant at 8

weeks (Table 3).

When the data were analyzed separately for people

consuming 3 capsules once daily versus people consuming
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2 capsules twice daily, it showed that people consuming 3

capsules once daily showed a faster rate of improvement

for both pain (Figure 2) and stiffness (Figure 3). This was

especially clear for the primary pain when being physi-

cally active, where the two groups started at similar levels

of pain, and the group consuming 3 capsules once daily

showed significantly greater pain reduction already at 2

weeks than the other group (p<0.05). Furthermore, despite

the higher average initial pain and stiffness in the groups

consuming 3 capsules once daily, this group showed a

faster improvement than the other group.

Blood pressure and ABI
Blood pressure measurements in both right and left arms

remained constant over the course of the study, showing

no significant differences over time or between groups. In

contrast, blood pressure readings in the ankles were on

average higher at study start; suggestive of wall stiffness

as a result of inflammatory factors and altered vascular

muscle tone. Ankle blood pressure results showed signifi-

cant reduction over the course of the study. The reduction

in systolic blood pressure for both right and left ankle, as

well as the ABI for both right and left side, reached a high

level of statistical significance after 8 weeks (Table 4).

When the ABI was analyzed separately for people con-

suming 3 capsules once daily versus people consuming 2

capsules twice daily, it showed that people consuming 3

capsules once daily showed a faster rate of improvement,

with the decrease for the right systolic index reaching

statistical significance at 2 weeks (Figure 4).

Figure 1 Consort flow chart. The chart shows screening and randomization, as well as the number of people completing the 8-week study.

Table 1 Demographics of study participants

Group A Group B

3 capsules daily 2 capsules twice daily

Females 7 6

Age average* 54±9.4 51.5±6.7

Age range 37–63.2 38.4–56

BMI average 28.1±4.8 28.1±4.5

BMI range 21–34.2 22–33.1

Males 4 3

Age average* 45.1±8.6 49.8±11.2

Age range 37.4–57.3 37.2–58.6

BMI average 31±3.9 28.9±2.5

BMI range 26.5–34.7 26.1–30.7

Notes:* The average±standard deviation is shown.
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Blood biomarkers
Blood sampleswere tested for biomarkers pertaining to inflam-

mation and cardiovascular risk factors. Plasma fibrinogen and

von Willebrand Factor (vWF) showed decreases but did not

reach statistical significance (Figure 5A and B). Matrix metal-

loproteinase-9 (MMP-9) showed a reduction over time and

reached a statistical trend already after 2weeks (p<0.1) (Figure

5C). The Interleukin-1 receptor antagonist (IL-1ra) showed a

Figure 2 Changes to primary pain complaint during study. Pain scores at rest (A) and when physically active (B) are shown for the subgroup (N=11) that consumed 3
capsules DSB per day (solid lines; Group A), versus the subgroup (N=9) that consumed 2 capsules DSB twice daily (dashed lines; Group B). The average pain scores for
baseline, week 2, and week 8 are shown as the group average±SEM. There were no statistically significant differences between the baseline pain levels for the scores. Despite
the higher average pain level at rest in Group A than in Group B, the pain reduction was faster and highly significant already at 2 weeks (**p<0.01), and remained significant
after 8 weeks (*p<0.05). The average pain when active was similar between the two groups at baseline, but the reduction was most robust in Group A, reaching a high level
of statistical significance already at 2 weeks, and remaining highly significant at 8 weeks (**p<0.01). When comparing the two groups, the reduction in pain at rest and when
active were significantly lower after 2 weeks of consuming 3 capsules daily when compared to consuming 2 capsules twice daily (pain at rest: ##p< 0.01, pain when active
#p<0.05).

Table 2 Pain scores

Baseline Week 2 p-value Week 8 p-value

Primary pain in the past 24 hrs while not active 4.9±0.48 4.0±0.60 NS 2.8±0.50 **

Primary pain in the past 24 hrs while active 5.3±0.53 4.1±0.57 * 2.7±0.52 **

Secondary pain in the past 24 hrs while not active 3.8±0.50 3.0±0.52 NS 2.3±0.45 **

Secondary pain in the past 24 hrs while active 4.0±0.55 2.7±0.47 * 2.3±0.52 *

Pain medications 2.2±0.59 2.1±0.53 NS 1.4±0.36 NS

Pain affecting relationships 3.0±0.56 2.3±0.38 NS 1.9±0.44 [*]

Pain interfering with social life 4.0±0.46 2.8±0.58 * 2.1±0.48 **

Support needed from others 2.3±0.54 1.2±0.37 * 0.9±0.25 *

Sleep quality 4.9±0.74 6.0±0.52 NS 6.1±0.58 [*]

Notes: The data on pain scores were collected using scales from 0 to 10 and are shown as the average±standard error of the mean. p-values were calculated using the
‘within-subject‘ paired t-test to evaluate changes over time compared to baseline for each subject. Statistical significance was indicated by a single asterisk * if p<0.05 and a
high level of significance by a double asterisk ** if p<0.01. A statistical trend was indicated by an asterisk in brackets [*] if p<0.1. If the comparison was not statistically
significant this is indicated by “NS”.
Abbreviation: NS, not significant.

Table 3 Activities of daily living

Baseline Week 2 p-value Week 8 p-value

Stiffness after first awakening 5.4±0.55 4.2±0.50 * 3.4±0.44 **

Stiffness after sitting, lying or resting later in the day 5.3±0.51 4.1±0.57 NS 2.9±0.45 **

Pain walking on a flat surface 2.5±0.44 2.4±0.62 NS 1.8±0.40 *

Pain going up or down stairs 3.7±0.62 3.1±0.58 NS 2.5±0.52 [*]

Pain that disturbs sleep 4.4±0.52 3.5±0.63 NS 2.3±0.50 **

Pain when sitting or lying 3.5±0.51 3.0±0.61 NS 2.0±0.43 **

Pain when standing upright 3.0±0.46 2.4±0.67 NS 1.7±0.42 **

Notes: The data on pain scores were collected using scales from 0 to 10 and are shown as the average±standard error of the mean. p-values were calculated using the
‘within-subject‘ paired t-test to evaluate changes over time compared to baseline for each subject. Statistical significance was indicated by a single asterisk * if p<0.05 and a
high level of significance by a double asterisk ** if p<0.01. A statistical trend was indicated by an asterisk in brackets [*] if p<0.1. If the comparison was not statistically
significant this is indicated by “NS”.
Abbreviation: NS, not significant.
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Figure 3 Changes to stiffness during study. Stiffness after first awakening (A) and stiffness after sitting, lying, or resting later in the day (B) are shown for the subgroup
(N=11) that consumed 3 capsules DSB per day (solid lines; Group A), versus the subgroup (N=9) that consumed 2 capsules DSB twice daily (dashed lines; Group B). The
average scores for baseline, week 2, and week 8 are shown as the group average±SEM. There were no statistically significant differences between the baseline pain levels for
the scores. Despite the higher baseline average level of stiffness in Group A than in Group B, the reduction in stiffness after first awakening was faster and significant already
at 2 weeks (*p<0.05), and reached a high level of significance after 8 weeks (**p<0.01). The average stiffness after sitting, lying, or resting later in the day showed a significant
reduction after 8 weeks in both groups, but was faster and more robust in Group A, reaching a high level of statistical significance already at 2 weeks, and remaining highly
significant at 8 weeks (**p<0.01). When comparing the two groups, the reduction in stiffness after first awakening and later in the day was significantly lower after 8 weeks of
consuming 3 capsules daily when compared to consuming 2 capsules twice daily (#p<0.05).

Table 4 Blood pressure and ankle-brachial index

Baseline Week 2 p-value* Week 8 p-value*

Systolic, right arm 126.5±3.27 125.8±3.03 NS 128.1±2.94 NS

Diastolic, right arm 82.1±3.93 84.3±2.57 NS 82.6±2.05 NS

Systolic, left arm 122.6±3.41 125.7±3.43 NS 126.9±2.84 NS

Diastolic, right arm 81.8±2.22 83.2±2.41 NS 83.8±1.76 NS

Systolic, right ankle 152.0±2.67 143.7±3.01 * 141.6±2.17 **

Diastolic, right ankle 79.9±2.19 79.9±2.60 NS 77.1±1.71 NS

Systolic, left ankle 149.9±2.67 146.0±2.90 NS 138.9±2.23 **

Diastolic, left ankle 81.4±2.55 80.0±2.47 NS 77.3±1.60 (*)

Right ABI 1.19 0.03 1.12 0.02 * 1.08 0.02 **

Left ABI 1.18 0.03 1.14 0.03 NS 1.06 0.03 **

Notes: The systolic and diastolic blood pressure is shown as the average±standard error of the mean, in mmHg. The ankle-brachial index (ABI) was calculated for both right and left
sides, by dividing the systolic ankle blood pressure by the systolic arm blood pressure on the same side of the body. p-values were calculated using the ‘within-subject‘ paired t-test to
evaluate changes over time compared to baseline for each subject. Statistical significancewas indicated by a single asterisk * if p<0.05 and a high level of significance by a double asterisk
** if p<0.01. A statistical trend was indicated by an asterisk in brackets [*] if p<0.1. If the comparison was not statistically significant this is indicated by “NS”.
Abbreviations: ABI, Ankle-brachial index; NS, not significant.

Figure 4 Systolic ankle-brachial blood pressure index. The systolic ankle-brachial index (ABI) for the right and left side of the body is shown as the average±standard error
of the mean. Both the right (A) and left systolic (B) ABI were mildly elevated above the ideal ratio of 1.0 at study start. Both the right and left systolic ABI showed a similar
reduction after 8 weeks of consumption of the test product. This improvement was seen for both Group A consuming 3 capsules daily and Group B consuming 2 capsules
twice daily. The improvement from baseline to the 2-week measurement seen in Group A for right systolic ABI was statistically significant already at 2 weeks (*p<0.05), and
reached a high level of statistical significance after 8 weeks (**p<0.01). The change did not reach statistical significance for Group B consuming 2 capsules twice daily. For the
left systolic ABI, the difference between the two groups at 2 weeks was statistically significant (#p<0.05).
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statistically significant reduction already at 2 weeks of con-

sumption and remained at the reduced level for the remainder

of the study (Figure 5D).

There was a mild reduction in Tumor Necrosis Factor,

which reached a statistical trend at 2 weeks for the group

consuming 2 capsules twice daily, and at 8 weeks for the

group consuming 3 capsules daily (p<0.09, data not shown).

No significant changes were seen for C-reactive protein, IL-

8, MMP-1, MMP-2, MMP-7, or MMP-10.

Discussion
With the rising incidence of chronic pain and chronic

disease, finding safe treatments in support of clinical

improvement is important. The study reported here

showed that consumption of DSB for 8 weeks was asso-

ciated with a rapid reduction in pain scores during physical

activity that reached statistical significance after 2 weeks.

The results were highly significant after 8 weeks, when

compared to baseline scores. Pain at rest and improvement

in sleep quality, which often reflects a decrease in pain,

were also improved with the 8-week supplement regimen.

The study was conducted during seasonal change going

from warm and dry to colder and more humid, so it would

be expected that the weather changes should have

increased pain and stiffness; it is therefore unlikely that

weather changes had a major effect on the pain reduction

we observed. That said, a placebo effect may have had

some contribution to the pain relief. The causes of

decreased pain may arise from a combination of direct

anti-inflammatory effects that helped reduce the inflamma-

tory conditions causing the pain and may also be asso-

ciated with a change in pain perception. Both peripheral

and central sensitization mechanisms are involved in

amplifying pain perception and are affected by

inflammation.45 Due to the recognized side effects of

steroid and non-steroid anti-inflammatory drugs, research

into natural products is seeking new modalities to reduce

local inflammation as well as neuroinflammation asso-

ciated with pain perception.46 Given the reported effects

on nociception by both curcumin47 and resveratrol,48,49

this suggests that part of the pain-relieving effects reported

in our study may be due to reduced neuroinflammation

associated with altered pain perception.

Cytokines are viewed as the primary biological mar-

kers in inflammation. They can be categorized as pro and

anti-inflammatory. TNF-alpha and IL-1 have been classi-

fied as pro-inflammatory cytokines causing activation of

the NFKB pathway.50,51 Both of these cytokines are

rapidly released upon tissue injury or infection. Once

activated NFKB causes an increase in macrophages

Figure 5 Changes in blood biomarkers during study. The levels of plasma fibrinogen (A), von Willebrand Factor (vWF, B), serum matrix metalloproteinase-9 (MMP-9, C),
and Interleukin-1 receptor antagonist (IL-1ra, D) are shown as the group averages±standard error of the mean. Consumption of DSB was associated with a mild reduction in
fibrinogen and vWF, and a gradual reduction in MMP-9 that reached a statistical trend both a 2 and 8 weeks ((*)p<0.1). A reduction in IL-1ra reached statistical significance at
2 weeks (*p<0.05). Performing multivariate analysis to examine correlations between pain reduction and blood biomarkers confirmed that there was a significant correlation
between pain and IL-1ra levels (p<0.04). The correlation between pain reduction and changes to MMP-9 reached a high level of significance at 8 weeks (p<0.01). For the
group consuming 3 caps once daily, there was a highly significant correlation between pain reduction and changes to IL-1ra after 2 weeks (p<0.01).
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which triggers both the innate and adaptive immune

responses.52 In order to resolve acute inflammation, the

NFKB system needs to be inhibited. Unfortunately, with

many chronic diseases such as rheumatoid arthritis, multi-

ple sclerosis, inflammatory bowel disease, and athero-

sclerosis, the NFKB pathway is continually activated

leading to chronic inflammation.52 One of the primary

issues with monitoring inflammation by measurement of

cytokines is the short amount of time they exist in the

blood leading to difficulties in finding consistent patterns.

In our study, multiple cytokines were measured although

several of them were below detection limits at baseline, so

no significant changes were seen. However, specific pro-

and anti-inflammatory cytokines and chemokines includ-

ing TNF-alpha, MIP-1B, IL-1ra, and MMP-9 showed

varying decreases over the course of the study. IL-1ra is

a potent anti-inflammatory cytokine; however, it can be

increased in inflammatory conditions, likely as a mechan-

ism to attempt to control and reduce inflammation.

Reduced IL-1ra levels were seen in previous clinical stu-

dies linked to inflammation,53 and the results showed a

significant correlation between pain reduction and changes

to IL-1ra already at 2 weeks of study participation.

Decreases in these cytokines would be expected to corre-

late with decreases in pain, suggesting that multiple

mechanisms appear to be involved in inflammation and

the development and perception of pain.

Recently, research has found coagulation factors such as

fibrinogen and vWF, markers involved in hemostasis, to be

involved in the development of inflammation. In the pilot

study described here, fibrinogen and vWF levels decreased

throughout the study as pain symptoms decreased. Although

these factors have traditionally been involved in the acute

clotting cascade, elevated levels of these components have

been found in inflammatory diseases such as stroke, cardiac

disease, brain trauma, multiple sclerosis, and Alzheimer’s

Dementia.54 Blood coagulation and inflammatory processes

are both part of the innate immune system, and there is a

bidirectional interaction between the two, where blood vessel

injury initiates both the coagulation cascade, and simulta-

neously, the inflammatory response with an increase in vas-

cular permeability, allowing an influx of leukocytes into the

tissue and release of cytokines and chemokines.55 Fibrinogen

and its peptides are also able to induce inflammatory changes

by binding to specific receptors on multiple types of immune

cells.56 One of these receptors is Toll-like Receptor-4 which

is involved in macrophage activation and release of cytokines

and chemokines including MCP-1, MIP-l, IL-6, Il-8, TNF-

alpha, and MMP-9.57 Multiple hemostatic factors including

von Willebrand Factor (vWF) and fibrinogen are involved in

the development of atherosclerosis and vascular disease.58

Elevated levels of fibrinogen in the blood is a marker of

increased risk for developing cardiovascular diseases such

as hypertension and atherosclerosis.50 Specifically for per-

ipheral artery disease, elevated fibrinogen is one of the best-

established risk factors along with smoking, hypertension,

hyperlipidemia, and diabetes.59 Increased levels of vWF

have been associated with many cardiovascular diseases

including ischemic heart disease, peripheral vascular disease,

aneurysms, atrial fibrillation, deep vein thrombosis, and cer-

ebrovascular disease.60 Since there is a known association

between vWF, formation of thrombosis and atherosclerosis,

elevated levels of vWF can be used to follow the health of a

patient with cardiovascular disease.60

An elevated ABI has also been used as a predictive value

for cardiovascular disease and peripheral artery disease.61 The

primary symptom of peripheral artery disease is intermittent

claudication or pain in the legs with walking. Finding an

elevated ABI is more common than a history of claudication

in people with peripheral artery disease which makes this

measurement a good screening tool for peripheral artery

disease.62 Peripheral artery disease is correlated with an

increased risk of cardiovascular and cerebrovascular disease

disability and mortality.62,63 The use of the ABI in our study

was used as a measurement of health and found to decrease

toward a normal value. People were screened and excluded for

diagnosed cardiovascular disease, yet people hadmild-to-mod-

erate elevation of ABI levels at baseline, that decreased

towards normal levels with intake of DSB. This suggests that

consumption of DSB may decrease risks of developing future

cardiovascular disease. The clinical study reported herein was

focused on recruiting study participants with chronic pain, and

the observations pertaining to vascular health were therefore

not in a study population with known cardiovascular risks.

Both chronic pain and cardiovascular disease are asso-

ciated with inflammation, and pain-mediated activation of

the stress response can increase blood pressure and cardiovas-

cular stress. Therefore, it is not surprising that reducing

chronic pain may also reduce risks for cardiovascular disease.

Cardiovascular disease is a leading cause of death and dis-

ability in the United States so identifying patients with cardi-

ovascular disease is critically important.63 While many people

have identifiable risk factors for cardiovascular disease such as

smoking and diabetes, approximately 15% of the men and

10% of the women do not have any of the standard risk

factors.64 Even with people having classic risk factors for

Dovepress Hamilton and Jensen

Journal of Pain Research 2019:12 submit your manuscript | www.dovepress.com

DovePress
1505

 
Jo

ur
na

l o
f P

ai
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fro

m
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

50
.2

42
.1

24
.2

49
 o

n 
16

-M
ay

-2
01

9
Fo

r p
er

so
na

l u
se

 o
nl

y.

                               1 / 1



cardiovascular disease, research has shown that health care

practitioners can be poor estimators of disease risk.65

Therefore, further research with DSB should include pla-

cebo-controlled trials and address cardiovascular health in

people with symptomatic and high-risk profiles including

elevated ABI levels, elevated inflammatory cytokines, and

hemostatic factors.

The study presented here took a novel approach to low-

risk approach to pain management and also evaluated

whether this could have secondary beneficial effects on

cardiovascular health and reduction of inflammation. The

study combined pain scores with functional changes.

Importantly, the total lower daily dose was more effective

than the higher daily dose; the data suggest that the once-

daily dose provided more robust support of reducing pain

and inflammation than the higher dose split into two smal-

ler doses. That said, the limitations of the study were its

small size and lack of a placebo control. A placebo effect

may have had some contribution to the observed pain

reduction, and a larger placebo-controlled study size,

using a one-dose regimen, which appears to ideally be 3

capsules daily, is warranted. Such further clinical evalua-

tion should examine the effects of DSB, specifically in

study populations with the presence of cardiovascular risk

factors.

Conclusion
Inflammation is a primary pathological factor seen in many

chronic diseases, and a primary manifestation involves pain.

Finding safe treatments for pain is therefore a goal for many

health practitioners. DSB offers a safe alternative for

decreasing pain based on clinical pain scores at rest and

with physical activity. Intake of the nutraceutical blend for

as little as 2 weeks’ duration helped decrease chronic pain

during rest and with physical activity, along with improving

sleep. The lessening of pain correlated with a decrease in

pro-inflammatory cytokines and chemokines including

TNF-alpha, IL-1ra, and MMP-9, along with the hemostatic

factors fibrinogen and vWF. Significant improvement of

ankle-brachial blood pressure index also illustrated a clini-

cally relevant decrease in inflammation related to an

improvement in cardiovascular function.
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