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MDD JOINT SUPPORT version Vi

Joint Support is formulated to support the
complete musculoskeletal system in many ways.
1. By maintaining tissue integrity, helping to
prevent musculoskeletal problems.

2. By providing the mechanisms and stimulus
for repair of injured or damaged musculoskeletal
tissue, whatever the cause.

3. By decreasing osteoarthritic pathology

4. By offering relief for aches and pains.

5. By improving recovery from training and
competition.

6. By improving body composition and exercise
performance.

7. By improving cognition and brain function.

Multiple ingredients in Joint Support work along synergistic and additive pathways to
decrease inflammation and pain by promoting the body's natural synthesis and
maintenance of joints, ligaments, muscles, and tendons, it protects, prevents, and
helps in the repair of musculoskeletal inflammation and injuries regardless of the
cause.

But as you’ll see below it also does much more.

In fact, because of its many beneficial effects, | consider Joint Support
the Swiss Army knife of nutritional supplements.

https:/metabolicdiet.com/product/joint-support/

Information on Joint Support was updated on January 4, 2024, by Mauro Di Pasquale, B.Sc.
(Hons), M.D.
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The information below on the new Joint Support version VI is
continually in draft form, being constantly expanded and revised
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several times a year. For now, this latest information will give you
the flavor of just what Joint Support will do for you in helping you
achieve your health, body composition, performance, and anti-aging
goals.

Joint Support version VI Nutritional Panel

Supplement Facts: SerVing Size: 6 Tablets

Servings Per Container: 30

Amount  %Daily Amount  %Daily

Per Serving Value Per Serving Value
Vitamin A (as Palmitate) 25001V 50% BioCell Collagen II® ((RIED 1200 mg *
Vitamin C (as L-Ascorbic Acid) 200mg 333%  Hydrolyzed CollagenType ll 720 mg*
Vitamin D3 (as Cholecalciferol & Calcifediol) 400U  100% Chondroitin Sulfate 240 mg*
Vitamin E (as d-Aka Tocopheryl Succinate) PO NS00s) I iyaldronicAcid g
Vitamin B3 (as Nacnamide & Inositol Hexanicoinate) 50 mg ~ 250% (Glucosamine Sulfate 50mg  *
Vitamin B6 (s Pyridodne HCL and PyidoS Phoghat)) 10 mg  500% Lignisul MS!"l (Methyl-Sulfony-Methane) 1000 mg :
Vitamin BI2 (x Netiykobakanin) 500 mcg 8,333% SnarkCartilage E POl
Folate (as Folinic Add) 500meg 125 % g'“g'“g Neg';yi’m“ e
— : o, Quercetin Dihydrate m

C?;:::?'EO';\CKI?J:; 3'2[;1 D ki) 5(|)0mr:§ I%g{; Turmeric Extract (Curcuma Longa) (roof) 300 mg *

o K= ~ o 2 *
Calcium (as Calium Phosphate) 500mg  50% s 1007

e - -
Magnesium (as Magnesium Phosphate) 2W0mg  50% Joint Support ™ Proprietary Complex 5740 mg

Green Tea Leaf Extract, I{pe I, Type I, and sze Ml Collagen - Native and

Potassium (as Potassium Aspartate) 99 mg 3% Hydrolyzed (Fish and Chicken), Ginger Root, Phosphate as Calcium Phosphate),
Zinc (as Monomethionine) (OptiZinc®) I0mg  67% Gelatin Hydrolysate, Hydroxycitric Acid, Ashwagandha Root Extract, Taurine,
Copper (as Copper Gluconate) 100meg 5%  Boswellia Serrata Extract (gum resin), Thyme Leaf, Yucca Extract, Betaine HC,
Selenium (as Selenomethionine) 25mcg  35% Jujube Berry Extract, Bromelain, Papain, Ginger (Zingiber officinale), L Arginine
Manganese (as Manganese Sulfate) 5mg  250% Hd, L-Methionine, (aygqne Fn'li't, Devi!’s Qaw Root Extract, Pau D'Arco .Bark,
Chromium (as Amino Acd Chelate 25mecg  21% Proline, AcetykL-Camnitine, Siicon Dioxide, Borage Oi Powder (contains GLA),
—— N-Acetyl L-Cysteine, L-Histidine, Ginkgo Biloba, Glutathione (Reduced),
Bioperine (Piper Nigrum) 5 mg * Camosine, Alpha Lipoic Acd, L-Trypsin, Co-enzyme Q10, Glycine,
Boron (as Amino Acid Chelate) 2 mg * Lemon Myrtle Leaf, White Willow Bark, Melatonin, Astaxanthin

Other In ients: Cellulose, Stearic Acid, Modified Cellulose Gum, Hypromellose, Hydroxypropyl Cellulose

*Daily Value not established

General Introduction

Over six decades ago | took what supplements were available back then
along with other nutritional ingredients | found useful in order to optimize my
weight training, body composition and sports goals which included track,
wrestling, gymnastics, and lifting weights. In my mid-twenties | honed my
nutritional supplement protocols in order to help me excel in powerlifting,
which | succeeded in doing.
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Back then | knew how important it was to optimize the function and health of
the musculoskeletal system, not only for sports success but for lifelong
wellness.

In the last forty plus years | formulated or helped formulate nutritional
supplements for over two dozen nutritional supplement companies, some of
which are still major players today.

The problem was that in all cases my formulations were cut back to
decrease manufacturing prices and as such were less effective than they
should have been.

Over two decades ago | decided to start my own nutritional supplement
company and unlike the lip service that all nutritional companies hand out
about their products, the line of products | had manufactured spent less on
lip service and much more on effectiveness. All products are updated to
new versions with changes to the ingredients, both in number and amounts,
to reflect new research and information from the trenches.

Introduction to Joint Support

Musculoskeletal problems are ubiquitous with conditions that affect the
bones, muscles, joints, tendons, and ligaments, including injuries, both
chronic and acute, and degenerative conditions including the many phases
of arthritis. The result is both acute and chronic loss of physical and mental
performance.

While lifestyle factors such as diet, proper sleep, avoiding smoking and
recreational drugs, and avoiding unnecessary stress are important, the
proper blend of nutritional ingredients can provide another essential layer for
both avoiding and treating musculoskeletal problems.

Over the last few decades previous versions of Joint Support were already
the leader in musculoskeletal support products. The new Joint Support
version VI dramatically improves the protective, supportive and tissue
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building effects and creates a new paradigm in musculoskeletal support
formulas.

However, even though | targeted the formulation for Joint Support to improve all
aspects of the musculoskeletal system, it's been proven to have several additional
benefits, some comes from research on the ingredients in Joint Support, and some
gathered from the trenches by those using Joint Support over the last few decades.

Joint Support besides the protective and therapeutic musculoskeletal system effects,
also has the following beneficial effects, as attested to by many who have used Joint
Support over the last few decades, especially with the newest version Joint Support
version VI,

e Decreasing damage and improving recovery after exercise,
including high-intensity and eccentric exercise.

e Treatment for sunburn — used before and in the case of vitamin D,
also within an hour of excessive sun exposure. For more
information see the sunburn section in my currently updated
Vitamin D article.

e Improving pollution damaged, photo damaged, ageing skin, as
well as improving hair and nail health. Joint Support increases
the strength and elasticity of skin and stimulates the production
and regeneration of new skin cells and skin matrix.

e Minimizing hangovers — taken prior to drinking, right after, and
the next morning.

e Help the prevention and healing of stretch marks.

e Improving protection from pathogens, including bacterial and
viral infections.

Overall, several ingredients in Joint Support have significant immune,
antioxidant and anti-inflammatory, as well as anabolic and trophic, giving
credence to the beneficial effects of Joint Support in all of the above. You
can find most of this information below under various headings and the
individual ingredients.

For example, vitamin D is included in Joint Support as it is crucial for
musculoskeletal functioning, athletic performance, body composition and many
internal cellular processes including hormonal and immune system regulation.


https://metabolicdiet.com/wp-content/uploads/2017/product_pdf/VitaminD.pdf
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A recent study found that vitamin D supplementation had a beneficial effect on body
composition in elite male college athletes.! The study found that vitamin D
supplementation was effective in maintaining athletes' body fat percentage, which
normally would increase under circumstances where sports activity has decreased.

A study published in late 2022 concluded that a vitamin D deficiency/insufficiency
increases the risk of muscle loss by 78% in older people.? | would surmise that it
would also apply to all ages to one extent or another since vitamin D
deficiency/insufficiency is common and involves all age groups.

Joint Support and the Covid-19 Pandemic

It's likely that Joint Support, because of its beneficial effects on the immune system
and innate immunity, and antioxidant and anti-inflammatory effects, would prove
useful in the prevention and treatment of the coronavirus responsible for the Covid-
19 pandemic.?

The many ingredients in Joint Support that support and optimize the immune
system to fight off infections including MSM, shark cartilage, ashwagandha,
curcumin, bromelain, taurine, carnosine, CoQ10, vitamin D, zinc, vitamin C, vitamin
E, font B6 (and the rest of the B-complex), astaxanthin, selenium, reduced
glutathione, ginger, turmeric, polyphenols and flavonoids including green tea
extract, and several other ingredients that have antioxidant and anti-inflammatory
properties.

Although as mentioned above vitamin D is included in Joint Support as it is crucial
for musculoskeletal functioning, athletic performance, body composition and many
Internal cellular processes including hormonal and immune system regulation.

However, adequate levels of vitamin D, besides improving body composition and
performance, are also important for decreasing the rate of infection and treatment of
Covid-19, including increasing the immunity to covid by increasing the vaccine
response.4°6789

Another recent study found that the combination of bromelain and curcumin, both in
Joint Support, have a synergistic effects against severe Covid-19.1° The bromelain
not only increases the absorption of curcumin, but also inhibits and may be useful
for the treatment of Covid-19 infection.!2
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As well as bromelain, the inclusion of Bioperine (see below) in Joint Support
increases the absorption of curcumin and many of the other ingredients in Joint
Support.

A recent study found a positive impact of nutritional supplementation on vaccination
response, increasing host immune defenses, and reducing side effects.*

The ingredients in Joint Support are also useful in avoiding and treating other
infections conditions whether viral, bacterial, fungal, or parasitic. There are also
several other benefits which | will outline below.

Abstracts of Interest

Nutrients

2023 Apr 7;15(8):1807.

doi: 10.3390/nu15081807.

Effectiveness of Nutritional Supplements for Attenuating the Side Effects of SARS-CoV-2
Vaccines

Paola Gualtieri ¢, Domenico Trombetta 2, Antonella Smeriglio 2, Giulia Frank 3, Angela Alibrandi 4, Giulia
Leggeri ¢, Marco Marchetti s, llaria Zingale 8, Silvia Fanelli s, Arianna Stocchi &, Laura Di Renzo *

Affiliations expand

PMID: 37111026 PMCID: PMC10141698, DOI:10.3390/nu15081807

Abstract

Supplementation is known to enhance the immune response and reduce infection. Therefore, the
association between immune nutrients and vaccine side effects needs to be investigated. Our aim was
to analyze the relationship between vaccination side effects and supplement intake among the Italian
population. The study included a questionnaire asking for personal data, anthropometric information,
COVID-19 infection and immunity response, and COVID-19 vaccination and supplementation. The
survey was conducted from 8 February to 15 June 2022. In the study, 776 respondents were included,
aged between 18 and 86 (71.3% females). We observed a statistically significant correlation between
supplement consumption and side effects at the end of the vaccination cycle (p = 0.000), which was
also confirmed by logistic regression (p = 0.02). Significant associations were observed between
supplement intake and side effects of diarrhea and nausea at the end of the vaccination cycle (p =
0.001; p = 0.04, respectively). Significant associations were observed between side effects and omega-
3 and mineral supplementation at the start of the vaccination cycle (p = 0.02; p = 0.001, respectively),
and between side effects and vitamin supplementation at the end of the vaccination cycle (p = 0.005).
In conclusion, our study shows a positive impact of supplementation on vaccination response,
increasing host immune defenses, and reducing side effects.


https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Gualtieri+P&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Trombetta+D&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Smeriglio+A&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Frank+G&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Alibrandi+A&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Leggeri+G&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Leggeri+G&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Marchetti+M&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-5
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Zingale+I&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-5
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Fanelli+S&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-5
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Stocchi+A&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-5
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Di+Renzo+L&cauthor_id=37111026
https://pubmed.ncbi.nlm.nih.gov/37111026/#full-view-affiliation-1
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10141698/
https://doi.org/10.3390/nu15081807
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Full text in PDF format available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10141698/pdf/nutrients-15-01807.pdf.

bioRxiv 2020 Sep 16;2020.09.16.297366. doi: 10.1101/2020.09.16.297366. Preprint

Bromelain Inhibits SARS-CoV-2 Infection in VeroE6 Cells

Satish Sagar, Ashok Kumar Rathinavel, William E Lutz, Lucas R Struble, Surender Khurana, Andy T
Schnaubelt, Nitish Kumar Mishra, Chittibabu Guda, Mara J Broadhurst, St Patrick M Reid, Kenneth W
Bayles, Gloria E O Borgstahl, Prakash Radhakrishnan

Abstract

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2). The initial interaction between Transmembrane Serine Protease 2 (TMPRSS2) primed
SARS-CoV-2 spike (S) protein and host cell receptor angiotensin-converting enzyme 2 (ACE-2) is a
pre-requisite step for this novel coronavirus pathogenesis. Here, we expressed a GFP-tagged SARS-
CoV-2 S-Ectodomain in Tni insect cells. That contained sialic acid-enriched N- and O-glycans. Surface
resonance plasmon (SPR) and Luminex assay showed that the purified S-Ectodomain binding to
human ACE-2 and immunoreactivity with COVID-19 positive samples. We demonstrate that bromelain
(isolated from pineapple stem and used as a dietary supplement) treatment diminishes the expression
of ACE-2 and TMPRSS2 in VeroE6 cells and dramatically lowers the expression of S-Ectodomain.
Importantly, bromelain treatment reduced the interaction between S-Ectodomain and VeroE6 cells.
Most importantly, bromelain treatment significantly diminished the SARS-CoV-2 infection in VeroE6
cells. Altogether, our results suggest that bromelain or bromelain rich pineapple stem may be used as
an antiviral against COVID-19.

Full text in PDF format available at:
https://www.nchi.nlm.nih.gov/pmc/articles/PMC7523097/pdf/nihpp-2020.09.16.297366.pdf.

Metabol Open. 2020 Dec;8:100066. doi: 10.1016/j.metop.2020.100066. Epub 2020 Nov 13.
The combination of bromelain and curcumin as an immune-boosting

nutraceutical in the prevention of severe COVID-19
Panagiotis Kritis?, Irene Karampelaz, Styliani Kokorisg, Maria Dalamaga*

Abstract

The coronavirus disease 2019 (COVID-19) pandemic is still ongoing, while no treatment has been
proven effective. COVID-19 pathophysiology involves the activation of three main pathways: the
inflammatory, the coagulation and the bradykinin cascades. Here, we highlight for the first time the
joint potential therapeutic role of bromelain and curcumin, two well-known nutraceuticals, in the
prevention of severe COVID-19. Bromelain (a cysteine protease isolated from the pineapple stem) and
curcumin (a natural phenol found in turmeric) exert important immunomodulatory actions interfering


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10141698/pdf/nutrients-15-01807.pdf
https://doi.org/10.1101/2020.09.16.297366
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Sagar+S&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Rathinavel+AK&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Lutz+WE&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Struble+LR&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Khurana+S&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Schnaubelt+AT&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Schnaubelt+AT&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Mishra+NK&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Guda+C&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Broadhurst+MJ&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Reid+SPM&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Bayles+KW&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Bayles+KW&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Borgstahl+GEO&cauthor_id=32995771
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Radhakrishnan+P&cauthor_id=32995771
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7523097/pdf/nihpp-2020.09.16.297366.pdf
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Kritis+P&cauthor_id=33205039
https://pubmed.ncbi.nlm.nih.gov/33205039/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Karampela+I&cauthor_id=33205039
https://pubmed.ncbi.nlm.nih.gov/33205039/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Kokoris+S&cauthor_id=33205039
https://pubmed.ncbi.nlm.nih.gov/33205039/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=50&term=Dalamaga+M&cauthor_id=33205039
https://pubmed.ncbi.nlm.nih.gov/33205039/#affiliation-4
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in the crucial steps of COVID-19 pathophysiology. Their anti-inflammatory properties include
inhibition of transcription factors and subsequent downregulation of proinflammatory mediators.
They also present fibrinolytic and anticoagulant properties. Additionally, bromelain inhibits
cyclooxygenase and modulates prostaglandins and thromboxane, affecting both inflammation and
coagulation, and also hydrolyzes bradykinin. Interestingly, curcumin has been shown in silico studies
to prevent entry of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) into cells as
well as viral replication, while a recent experimental study has demonstrated that bromelain may also
inhibit viral entry into cells. Notably, bromelain substantially increases the absorption of curcumin
after oral administration. To the best of our knowledge, this is the first report highlighting the
significance of bromelain and, most importantly, the potential preventive value of the synergistic
effects of bromelain and curcumin against severe COVID-19.

Full text in PDF format available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7661945/pdf/main.pdf.

J Med Virol. 2020 Apr;92(4):424-432. doi: 10.1002/jmv.25685. Epub 2020 Feb 7.

Coronavirus infections and immune responses.
Li G'2, Fan Y?, Lai Y3, Han T3, Li Z2, Zhou P?, Pan P2, Wang W*?, Hu D?, Liu X5, Zhang Q%¢, Wu J'4.
Abstract

Coronaviruses (CoVs) are by far the largest group of known positive-sense RNA viruses having an extensive range
of natural hosts. In the past few decades, newly evolved Coronaviruses have posed a global threat to public health.
The immune response is essential to control and eliminate CoV infections, however, maladjusted immune
responses may result in immunopathology and impaired pulmonary gas exchange. Gaining a deeper understanding
of the interaction between Coronaviruses and the innate immune systems of the hosts may shed light on the
development and persistence of inflammation in the lungs and hopefully can reduce the risk of lung inflammation
caused by CoVs. In this review, we provide an update on CoV infections and relevant diseases, particularly the host
defense against CoV-induced inflammation of lung tissue, as well as the role of the innate immune system in the

pathogenesis and clinical treatment.

Full paper in PDF format available at:
https://www.ncbhi.nlm.nih.gov/pmc/articles/PMC7166547/pdf/JMV-92-424.pdf.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7661945/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pubmed/31981224
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Int J Mol Sci; . 2020 Apr 28;21(9):E3104. doi: 10.3390/ijms21093104.
Functional Role of Dietary Intervention to Improve the Outcome of COVID-
19: A Hypothesis of Work

Giovanni Messina?, Rita Polito ¢, Vincenzo Monda 2, Luigi Cipolloni t, Nunzio Di Nunno &, Giulio Di
Mizio ¢, Paolo Murabito 8, Marco Carotenuto ¢, Antonietta Messina 2, Daniela Pisanelli ¢, Anna
Valenzano ¢, Giuseppe Cibelli 2, Alessia Scarinci z, Marcellino Monda 2, Francesco Sessa :

Abstract

On the 31 December 2019, the World Health Organization (WHO) was informed of a cluster of cases
of pneumonia of unknown origin detected in Wuhan City, Hubei Province, China. The infection spread
first in China and then in the rest of the world, and on the 11th of March, the WHO declared that
COVID-19 was a pandemic. Taking into consideration the mortality rate of COVID-19, about 5-7%,
and the percentage of positive patients admitted to intensive care units being 9-11%, it should be
mandatory to consider and take all necessary measures to contain the COVID-19 infection. Moreover,
given the recent evidence in different hospitals suggesting IL-6 and TNF-a inhibitor drugs as a
possible therapy for COVID-19, we aimed to highlight that a dietary intervention could be useful to
prevent the infection and/or to ameliorate the outcomes during therapy. Considering that the COVID-
19 infection can generate a mild or highly acute respiratory syndrome with a consequent release of
pro-inflammatory cytokines, including IL-6 and TNF-q, a dietary regimen modification in order to
improve the levels of adiponectin could be very useful both to prevent the infection and to take care
of patients, improving their outcomes.

Full paper available at: https://www.mdpi.com/1422-0067/21/9/3104/htm.

Nutritional status, diet and viral respiratory infections: perspectives for

SARS-CoV-2.

Br J Nutr 2020 Aug 26;1-32. doi: 10.1017/S0007114520003311. Online ahead of print. PMID: 32843118.

Ana Heloneida de Aratjo Morais#:2, Jailane de Souza Aquino#2, Juliana Kelly da Silva-Maia#12 Sancha Helena
de Lima Vale#2 Bruna Lima Leal Maciel #22, Thais Sousa Passos #2

Abstract

COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was
recognized by the World Health Organization (WHO) as a pandemic in 2020. Host preparation to
combat the virus is an important strategy to avoid COVID-19 severity. Thus, the relationship between
eating habits, nutritional status, and their effects on the immune response and further implications in
viral respiratory infections are important topics discussed in this revision. Malnutrition causes the
most diverse alterations in the immune system, suppressing of the immune response and increasing
the susceptibility to infections as SARS-CoV-2. On the other hand, obesity induces low-grade chronic
inflammation caused by excess adiposity, which increases angiotensin-converting enzyme 2 (ACE2).
It decreases the immune response favoring SARS-CoV-2 virulence and promoting respiratory
distress syndrome. The present review highlights the importance of food choices considering their
inflammatory effects, consequently increasing the viral susceptibility observed in malnutrition and
obesity. Healthy eating habits, micronutrients, bioactive compounds, and probiotics are strategies for
COVID-19 prevention. Therefore, a diversified and balanced diet can contribute to the improvement
of the immune response to viral infections such as COVID-19.
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What’s Changed in Joint Support version VI?

Joint Support has been the leader in joint support nutritional
supplements since it first came out in 1999. Version VI represents the
fifth evolution of this supplement. Each formulation is an improvement
over the previous one, taking into consideration my experience with
the previous version and the most recent research and findings, and
applying these to make Joint Support even more effective.

| added several ingredients as well as fine tuning some of the
ingredients already in Joint Support version VI. | tried several dozen
variations of ingredients and dosages to determine the optimum
number and dosages of ingredients necessary to improve on the
already unparalleled effects of Joint Support on musculoskeletal
tissue.

The result of the additions and fine tuning has resulted in a more
effective product.

Although much more expensive to manufacture I've kept the retail price as low as possible
considering the expense in manufacturing Joint Support with the highest standards and quality of the
ingredients, as an incentive to the serious supplement user to use the very best Joint Support formula
on the market at a value product price. Just compare the number and dosages of the ingredients in
Joint Support (see the Supplement Facts Panel below) with any other joint support formula on the
market and you’ll be convinced just how much of a value product Joint Support really is.

History of Joint Support

As an in the trenches athlete and medical doctor involved in dealing with degenerative diseases and
sports injuries for over five decades, I've tried all kinds of ways to both prevent and treat
musculoskeletal problems, dealing with both acute and chronic inflammation, pain and repair that are
part and parcel of musculoskeletal problems and diseases.

The underlying common factor in these conditions, whether acute or chronic, is inflammation.
Inflammation, although a normal and necessary response to injury, is responsible for a range of acute
and chronic diseases. That’s because if it's excessive or inappropriate it gives rise to many
inflammatory compounds that in turn cause ongoing damage to tissues and hinders healing.

For example, inflammatory compounds such as the pro-inflammatory cytokines tumor necrosis factor-
alpha (TNF-a), the interleukins IL-1, IL-6 and IL-8, and pro-inflammatory eicosanoids such as PGE2,
cause a catabolic response in tissues, promote degeneration and hinder healing. Using compounds
that mitigate or block the effects of these pro-inflammatory compounds, several of which are included
in Joint Support, can both prevent the progression and help heal even the damage seen in
degenerative joint disease.*

Another aspect of maintaining healthy joints has to do with anabolic influences such as locally
controlled growth factors. For example, several studies have shown the importance of insulin-like
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growth factor as a promoter of growth and extracellular matrix (ECM) synthesis by chondrocytes in
healthy articular cells.t>16:17

Over the years, | searched for natural ways to deal with musculoskeletal problems, ways that
replaced or at least complimented traditional ways of dealing with these problems, including drugs
and surgery.

| was also looking for something natural that had minimal side effects, was convenient to use and that
worked.

All my knowledge and research has finally come to fruition in Joint Support, a supplement that really
works and is safe. In fact, not only safe but a supplement that naturally increased musculoskeletal
health and helped deal with injuries and degenerative conditions such as arthritis.

This amazing, patent-pending formula produces an entirely new level of effectiveness when
compared to all the other Joint Support products on the market. In fact, it is the first product ever to
look at all aspects of preventing and healing musculoskeletal problems and contains dozens of
ingredients that work synergistically to produce

The ingredients in this evidence-based, research-driven formula have been proven to decrease
inflammation, increase healing, and maintain  without causing any negative health effects.

Joint Support is a product of my five decades of research and involvement in the medical and sports
fields. It is a true Joint Support breakthrough that is unequaled in its ability to provide significant
recuperative and regenerative effects.

Joint Support is useful for anyone into exercise or sports or wanting to prevent or help heal
musculoskeletal problems.

It's so good that Joint Support is used by elite Olympic, MMA, power athletes, Pro and amateur
bodybuilders, and many other pro and amateur athletes. In fact, Joint Support is used by
anyone interested in improving and/or maintaining the integrity of their musculoskeletal
system. It’s used to optimize musculoskeletal health, prevent overtraining effects, and help heal
injuries, prevent and help improve muscle aches and pains. Overall, Joint Support improves overall
health, and is instrumental in improving body composition and physical and mental performance.

When used consistently, Joint Support offers the advantages of some of the more potent anti-
inflammatory, pain reducing, healing, and anabolic drugs, as well as various procedures, without any
of the side effects.

Joint Support can also be used to complement other treatments and to help heal from surgical and
other procedures.

What can | expect from the use of Joint Support?

Joint Support is not just another one-dimensional joint support product. It’s a nutritional breakthrough
designed to attack and decrease inflammatory and catabolic processes, while at the same time
increasing anabolic processes. By influencing multiple pathways, it helps support, maintain, and
rebuild the whole musculoskeletal system.
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Joint Support, unlike medications, while effecive over the short term, works even better over the long
term to both help deal with acute and chronic problems and to optimize the musculoskeletal system.
However, because of the complex additive and synergistic ingredients, it also does much more.

Joint Support:

Supports and maintains musculoskeletal health

Supports cartilage regeneration

Reduces injuries and joint degeneration

Accelerates healing and decreases down time

Reduces inflammation

Eases musculoskeletal aches and pains due to acute and
hronlc injury and degeneration such as arthritis

Reduces joint and muscle stiffness

Helps heal injuries by reducing catabolic influences and
promote tissue rebuilding

9. Enhances mobility and flexibility

10. Enhances recovery time for those who train hard and compete
11. Offers a safer and more effective alternative to the chronic use
of prescription drugs

ONo oG~ wWN R

Joint Support supplies nutritional support to the various joint and muscle structures by supplying
nutrients known to be involved in the maintenance, repair, and reformation of these structures.

As such, it's an excellent supplement for supporting the musculoskeletal system as both a
preventative supplement to help you prevent joint injury in the first place, and as a supplement to help
to decrease pain and heal injuries and other musculoskeletal problems including the rebuilding of joint
cartilage.

Regarding arthritis Joint Support is designed to decrease inflammation and thus aid in the relief of
pain and slow the onset of the degenerative effects of osteoarthritis. In the case of injuries adding
Joint Support to your supplement regimen can increase healing and speed recover, thereby reducing
downtime after an injury.

The bottom line is that Joint Support will help you to maintain the health of your joints and muscles,
and deal with a variety of musculoskeletal problems due to injury, aging and disease.

Joint Support and Joint Overload

Mechanical joint overload is a problem with many recreational and competitive athletes. Chronic
overload, if not addressed adequately, can cause progressive failure of joint components, injuries,
and arthritic changes.

While overload and arthritic changes can affect any joint, the knees, hips, back and shoulders are
among the joints most affected in those who chronically load/overload their joints, most notably
recreational and competitive athletes.
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Let’s take the knee joint as an example. Being aware of the state of your knees is vital for prevention
of degenerative changes. | consider knee pain as the simplest way to determine overloading and
should never be ignored even if it's of short duration.

One of the criteria of early degenerative changes in the knee is the presence of at least two episodes
of knee pain lasting 10 or more days in the last year.'® As such, to prevent ongoing joint
degeneration, any indication of knee pain should immediately result in a period of unloading,*® first as
complete rest then when the discomfort disappears a tamping down on the load to the knees with a
progressive increase of loading.

The full use of Joint Support, at higher levels while the joint mends, and lower levels thereafter, helps
attenuate any degenerative changes, and speeds up the healing process and thus the time needed to
strengthen the knee joint so it can again take the needed load that will help you achieve your exercise
and competition goals.

Keep in mind that it's also important to maintain correct form and to be careful to correct any
problems in execution so as to help minimizing overloading of the knees.

An Added Benefit of Joint Support

While | formulated Joint Support for the various reasons mentioned above it's also turned out to be a
multipurpose supplement that supports and enhances all the layers of the skin, hair and nails, and the
supporting structures. The result is healthier, stronger, more vibrant skin; hair and nails that can
better resist damage due to wear and tear, regardless of the cause.

By providing ingredients that are essential for the body's natural synthesis and maintenance of the
skin, hair and nails, and supporting layers, Joint Support helps heal and protect all three from all
manners of stress and trauma, including sun exposure and aging. As well, a recent study found that
oral hyaluronic (in Joint Support) is an effective treatment for dry eyes.?°

Joint Support doesn’t cosmetically cover up skin damage and aging but intervenes at the origin of the
problem and helps rebuild and strengthen skin, hair, nails and supportive tissues.

Used consistently, Joint Support improves skin health, helps prevent acute and chronic skin
damage and reverses damaged skin and inflammation.

Because of its photo protectant effects, Joint Support can be useful for decreasing the harmful effects
of exposure to the sun, adding an extra dimension to widely used sunscreen protection and the use of
protective clothing. An example of just one ingredient, vitamin D can be found in my recent

comprehensive article on vitamin D.

That article also shows the benefits of vitamin D on health and metabolism, including immune system
effects that help counter infections including those caused by bacteria and viruses, including the
coronavirus responsible for the current Covid-19 pandemic.

It's also useful to strengthen the skin and thus decrease the side effects of various cosmetic
procedures thus decreasing the resulting pain, inflammation, scarring, and other side effects as well
as decreasing down time after the procedure.


https://metabolicdiet.com/wp-content/uploads/2017/product_pdf/VitaminD.pdf
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Joint Support will safely reduce stress on skin and subcutaneous tissue and speed up recovery
without the side effects associated with many of the drugs and surgeries used today.

One of the main ingredients in Joint Support is BioCell Collagen, which has been shown to improve
facial epidermis and connective tissue.?! It has also been shown to enhance blood circulation and
reduce facial aging signs.??

I'll be adding information on the various ingredients in Joint Support and how they impact on skin, hair
and nails from the inside out rather than used topically. Much of this information is already in this

paper.

For example, I've already mentioned BioCell Collagen (see more information below under BioCell
Collagen Il or click on that ingredient in the Table of Contents).

And as mentioned below turmeric has also been shown to have protective effects against chemical
damage to human skin and connective tissue.?® In fact, most of the ingredients in Joint Support are
useful in improving the structure and health of the skin, hair, and nails.

Similarly, many of the ingredients in Joint Support also have beneficial effects on skin, hair and nails
and I'll be presenting more information on these effects in my next revision of Joint Support and in
separate articles.

Also because of Joint Support’s ability to decrease the detrimental effects of hangovers, it may also
be useful in decreasing the incidence of drunkorexia, a combination of excessive drinking combined
with anorexia or bulimia. Although a condition more common in college age females, it also occurs in
males. The term generally involves extreme weight control methods to compensate for reducing the
impact of the extra calories involved in planned binge drinking.

Athletes and Joint Support

The human body can be likened to a very
complicated piece of machinery with pulleys,
rubber bands, hinges, and joints throughout. And
while most of the time it functions magnificently, it
can be stressed and even broken in places. In
fact, muscle and connective tissues are major

| sources of physical discomfort and disability,
especially in athletes.

This is not surprising, considering the stress that training imposes on muscle and connective tissues,
the most abundant and widely distributed tissues in the body.

We can all understand the importance of muscle tissue in athletes; however, the role of connective
tissue is often under appreciated. It shouldn’t be since it forms our bones, surrounds our organs,
holds our teeth in place, forms cushions, and lubricates our joints, and connects the muscles to our
skeleton. In fact, collagen is the most abundant protein, comprising of ~30% of total protein in the
body.
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Soreness from exercising is a familiar experience, often an accepted incidental result of training. Most
soreness results from muscle tissue trauma, but stress is also induced upon the tissues connected to
the muscles: bones, tendons and ligaments. These tissues are also subject to aging.

Most connective tissue injuries involve damage to the structural components of the tissue. In sports
activities, injuries are classified into two types: acute and overuse injuries. Acute trauma occurs from
lacerations and partial or complete rupture of the tissue. Overuse injuries, the most common
category, result from chronic overloading or repetitive motion. The capacity of the tissue for repair
greatly exceeds degradation and cellular metabolism is altered such that damage occurs at the
cellular and structural levels.

Inflammation is the most prominent symptom of both types of injuries. While inflammation is a natural
part of the healing process in any injury, chronic inflammation may lead to increased tissue
degradation and impair the repair process. Indeed, chronic inflammation is a major factor in several
connective tissue diseases, especially within articular joints.

Pharmaceuticals are often used to manage or alleviate symptoms occurring with connective tissue
inflammation. However, many of these substances may alter the healing and repair process and offer
only temporary relief. In fact, many of the medications used cause side effects, such as
gastrointestinal upset and may even accelerate joint degradation in the long run.?*

Many natural ingredients and remedies have been used over the centuries that have not only
alleviated symptoms of tissue stress, but also shown to help rebuild tissue and restore function in
joints. Many of these natural substances aid in recuperation, help heal sore muscles and joints,
increase recovery from injuries such as strains and sprains as well as surgical procedures, and help
strengthen musculoskeletal support tissues.

For example, many natural products have significant anti-inflammatory activity and beneficial effects
on the immune system and are included in Joint Support.?®

The use of these substances, as well as various vitamins, minerals, antioxidants, amino acids, and
others, if used in a proper and timely fashion, have a positive effect on the immune system, recovery
from exercise, especially for those who train hard and want to recover better and faster, overtraining
and both preventing and treating injuries. They can also be useful in treating musculoskeletal pain,
inflammation and degenerative/arthritic conditions.

Joint Support is the best example of a comprehensive, multifaceted, synergistic supplement that can
be useful for these conditions.

Joint Support is formulated to support muscle, cartilage and joint function. It helps maintain
healthy joints and relief for aches and pains after exercise. By providing ingredients that are essential
for the body’s natural synthesis and maintenance of joints, ligaments, muscles and tendons, it aids in
protection against the effects of excessive exercise, and aids in the healing of musculoskeletal
injuries and degeneration.

Joint Support is also effective for improving healing from surgical procedures as well as mitigating
problems down the road such as posttraumatic arthritis.
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Ingredients in Joint Support version VI.

Joint Support is effective for musculoskeletal health because of its large number of proven ingredients
that work both additively and synergistically to provide preventative and healing benefits. One of the
many ingredients includes a variety of collagen compounds that have been shown to have beneficial
effects on the musculoskeletal system as well as improving exercise performance,26272829303132

BioCell Collagen [I™

it

Water and large molecules fill the spaces in-between the cells and collagen fibers. Its viscosity acts
as a lubricant due to the high-water content. One of the major components of the ground substance
are the proteoglycans and structural glycoproteins, which trap water molecules and lend strength,
rigidity and resiliency to the extracellular matrix.

Proteoglycans are large molecules formed by many linear chains of polysaccharide units called
glycosaminoglycans (GAGSs). GAG chains radiate out from a protein core like bristles of a bottlebrush.
Sulfation and the complexes of the GAGs determine their biological activity. These complexes, which
may contain hundreds of attached proteoglycan aggregates, constitute a significant role in cartilage
tissue.

Proteoglycans act as a molecular sieve moderating the movement of cells, and nutritive and
inflammatory substances. They are also responsible for attracting and maintaining water balance
within the tissue. The high density of negative charges of these molecules attracts and binds water
molecules. Because they attract and hold water, they form a ‘sponge’ that, when compressed,
absorbs force and distributes it equally. This is how cartilage protects structures in the joint from
mechanical (stress and weight) damage.

BioCell Collagen II™ provides low molecular weight compounds, which are readily and easily
absorbed into the bloodstream. The components of BC Il including chondroitin sulfate, hyaluronic
acid (HA), and glucosamine sulfate can support proteoglycans and glycosaminoglycans (GAG'S) in
the joint matrix thereby increasing synovial (joint) fluid and supporting cartilage synthesis in the joints.

The low molecular weight compounds present in BioCell Collagen [I™ are more biologically available
and more effective than the higher weight compounds present in many other preparations. For
example, one study found that low molecular weight preparations of chondroitin sulfate had
preventive effects on arthritis in a murine model.33

The amino acid profile of BioCell Collagen [I™ is rich in the primary amino acids, such as arginine,
proline and glycine that make up the type Il collagen molecule and as such is conducive to collagen
formation and repair not only in the musculoskeletal system but also in skin. The amino acid
composition along with the low molecular weight collagen peptides promote increased elasticity and
reduced skin wrinkling.343536

BioCell Collagen™ has been clinically shown to significantly reduce pain syndromes in subjects with
various forms of arthritis, spinal pain and other joint pain.3’

It's also been shown that BioCell Collagen™ has beneficial effects on connective tissue protection
and recovery from exercise.3®
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For more information on BioCell Collagen™ go to http://biocellcollagen.com/. As well, to see
the benefits of BioCell Collagen for both Joints and Skin go to
https://www.biocellcollagen.com/science-of-biocell-collagen.

Native/Undenatured and Hydrolyzed Collagens Type 1, 2 and 3 derived from fish
and chicken collagen

Studies have shown that these collagens have anti-inflammatory, pain relieving, and regulatory
effects on musculoskeletal tissue.3%4%4! They work additively with the BioCell Collagen to further
enhance the trophic, healing, and protective effects of Joint Support.+2434445

A recent study found that supplementation with collagen peptides, hyaluronic acid, vitamin C,
manganese, and copper (all in Joint Support) represents a valid option in patients with chronic low
back pain, as it ensures pain relief and improvement in quality of life and in lumbar spine
functionality.4®

Glucosamine Sulfate

Glucosamine sulfate is one of the basic substrates for synthesis of these important macromolecules
in connective tissue. The synthesis of glucosamine from glucose and glutamine is the rate-limiting
step in GAG production, and hence in repairing cartilage.

Following cartilage trauma or tearing, the body may not be able to make enough glucosamine for
optimal healing. In addition, the ability to convert glucose to glucosamine declines with age because
of a reduction in the amount of the enzyme glucosamine synthetase.

Taking glucosamine supplements can increase GAG levels significantly.4” Clinical trials have shown
that glucosamine sulfate attenuates arthritic changes, relieves the pain and inflammation of
osteoarthritis and improves locomotor function.*849.5051 |t also represents a safe alternative to
nonsteroidal anti-inflammatory medications (e.g., ibuprofen), which have been shown to inhibit repair
and accelerate destruction of cartilage.>?

Several studies and reviews have concluded that glucosamine is effective and safe to use,> better
tolerated than most other NSAIDs such as ibuprofen, naproxen, or piroxicam, and in clinical trials,
glucosamine provided effective symptomatic relief for patients with osteoarthritis of the knee. In
addition, glucosamine has shown promising results in modifying the progression of arthritis over a 3-
year period.>

Several studies have shown the beneficial effects of glucosamine on articular cartilage.
A study published in 2002 done on athletic horses found that glucosamine inhibited cartilage catabolic
responses and prevented IL-1beta-induced increases in nitric oxide production, prostaglandin E2 and

proteoglycan release.>

Several studies have shown that glucosamine was effective in improving function and decreasing
pain in people who experienced knee pain likely from prior cartilage injury and/or arthritis.5®


http://biocellcollagen.com/
https://www.biocellcollagen.com/science-of-biocell-collagen
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In an early study, 68 athletes with cartilage damage in their knees were given 1500 mg of
glucosamine sulfate daily for 40 days, then 750 mg for 90 to 100 days.%” Of the 68 athletes, 52 had a
complete resolution of symptoms and resumed full athletic training. After four to five months, athletes
trained at pre-injury rates. Follow-up exams 12 months later showed no signs of cartilage damage in
any of the athletes.

It's been shown that glucosamine sulfate provides pain relief and improved function in knee
osteoarthritis (OA).58%° In a 3-year study on 212 patients with knee OA glucosamine was associated
with a significant reduction in joint space narrowing.%°

At present glucosamine is one of the recommendations now made by physicians for athletes and
non-athletes alike in the management of injuries and arthritis. For example, in one article physicians
included the use of glucosamine in the medical management of early osteoarthritis of the knee in
athletes.?! An editorial asked the question whether it's time to take glucosamine seriously and the
authors conclusion was “Despite the many clinical trials performed and patients wide use of
glucosamine and chondroitin, their place in the treatment of OA is still under debate. Perhaps
it's time to take glucosamine and other SYSADOASs seriously while at the same time realizing
that many may piggy back on the well-studied and proper preparations which may not be
beneficial for patients.”®?

A recent study looked at the effectiveness of glucosamine use over 2.5 year is overweight, middle
aged women at risk for knee osteoarthritis and concluded that “Glucosamine sulfate decreased the
risk of developing radiographic knee OA over 2.5 years in overweight, middle-aged women at
risk, as determined by medial mJSN (minimum joint space narrowing) progression. Conversely a
tailored diet and exercise program exerted no preventive effect, possibly because of the lower
than expected effect on weight loss.”?

Chondroitin Sulfate

Chondroitin sulfate is a major component of cartilage. It is a very large molecule, composed of
repeated units of glucosamine sulfate. Like glucosamine, chondroitin sulfate has anti-inflammatory
effects, attracts water into the cartilage matrix, stimulates the production of cartilage and prevents
cartilage degradation.®* It has also been shown to have long term beneficial effects.®

Although the absorption of chondroitin sulfate is lower than that of glucosamine (lower molecular units
are better absorbed), several studies have shown very good results from long-term treatment with
chondroitin sulfate, reducing pain and increasing range of motion.

For example, a one-year long, double-blind clinical study gave 800 mg of chondroitin sulfate to 42
patients of both sexes, aged 35-78 years with symptomatic knee osteoarthritis.®¢ The chondroitin
sulfate was well tolerated and significantly reduced pain and increased joint mobility.

A review looked at the published reports with a view of determining the usefulness of chondroitin
sulfate.®” The authors concluded that chondroitin sulfate plays a role in articular and bone metabolism
by controlling cartilaginous matrix integrity and bone mineralization.

Because of its anti-inflammatory effects, chondroitin sulfate has also been shown to modulate
inflammation and atherogenesis in obesity.5®
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There is some controversy about the absorption of chondroitin sulfate and thus its usefulness.
Studies, however, have confirmed its absorption and oral bioavailability.5%7° It's also important to use
pharmaceutical-grade chondroitin sulfate (used in Joint Support) to get the best results.”17273

Combined Use of Glucosamine and Chondroitin Sulfate

Several studies have shown the beneficial effects of the combination use of glucosamine and
chondroitin sulfate on the musculoskeletal system in the short and long term.74757677

They have been used as drugs to treat osteoarthritis in Europe and are now gaining popularity in the
US. Clinical trials both in the US and abroad, on both humans and animals have confirmed their
benefits and safety. 787°

The GAGs have been shown to repair and improve joint function as well as providing pain relief in
chronic sufferers. Studies have found that the combination of chondroitin and glucosamine was more
effective than chondroitin alone and that taken together decrease joint stress and arthritic

changes 80818283

Several studies have shown that the combination of glucosamine and chondroitin sulfate was as
or more effective for patients with moderate to severe pain secondary to osteoarthritis of the knee
than popular prescription NSAIDs drugs such as celecoxib, a cyclooxygenase (COX)-2 inhibitor
widely used for treating arthritis. 848586

Other studies have found effects of both glucosamine and chondroitin sulfate on gene expression.®’
For example one study found that glucosamine had effects on pretranslational mediators of
osteoarthritis, an effect that may contribute to its cartilage-sparing properties. Studies have found that
both glucosamine and chondroitin sulfate when used orally may regulate expression of matrix
degrading enzymes and their inhibitors at the transcriptional level,

One study looking at the effects of both glucosamine and chondroitin on cartilage cells concluded that
“by enhancing the "protective" metabolic response of chondrocytes to stress, glucosamine and
chondroitin sulfate may improve its ability for repair and regeneration.”® In a later study the authors
found that glucosamine had preventative effects on arthritis in rats.°

A meta-analysis looking at all the available studies on glucosamine and chondroitin studies found that
both, and especially glucosamine, were effective for the alleviation of pain, inflammation and in
maintaining and improving the structural integrity of joints.*°

Thus, glucosamine alone or in conjunction with chondroitin sulfate, because of the safety profile and
effectiveness, along with other supportive substances are fast becoming the first treatment of choice
for many who suffer from joint and connective tissue pain and inflammation.

Hyaluronic Acid

BioCell Collagen II™ naturally contains ultra-high concentrations (min. 10%) of low molecular weight
hyaluronic acid, which is vital for the health of soft connective tissue where it is a major component of
the extracellular matrix (ECM), and is present in synovial joint fluid, cartilage, the eye, and in skin
tissue both dermis and epidermis.
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Hyaluronic acid is unique among the GAGs in that it does not contain any sulfate and is not found
covalently attached to proteins as a proteoglycan. It is, however, a component of non-covalently
formed complexes with proteoglycans in the ECM. Hyaluronic acid polymers are very large (with
molecular weights of 100,000 - 10,000,000) and can displace a large volume of water. This property
makes them excellent lubricators and shock absorbers. Hyaluronic acid may be able to slow down
chondrocyte apoptosis (cartilage cell death) in OA by regulating the processes of cartilage matrix
degradation.

BioCell Collagen Il, besides providing HA directly, also actively inhibits hyaluronidase (as does
echinacea), an enzyme that breaks down hyaluronic acid. This inhibition further increases HA levels
in tissues.

Methylsulfonylmethane (MSM)

MSM stands for methylsulfonylmethane, a stable odorless metabolite of DMSO. MSM, a natural form
of organic sulfur found in low concentrations in our bodies. Along with glucosamine sulfate, it is a
basic substrate for the synthesis of connective tissue. Many claims have been made for MSM,
including relief from arthritis, muscle pain, joint pain and inflammation, beneficial effects on the
immune system, and scar tissue reduction, and there are a few studies that support these claims.®?,%?

A recent paper looked at the possibility that MSM may exert some effect on inflammation and arthritis
secondary to increases in serum sulfate.

Alpha Lipoic Acid

Alpha lipoic acid (ALA) has significant biological activity and therapeutic potential secondary to its
potent antioxidant and anti-inflammatory properties including its ability to increase levels of intra-

cellular glutathione, and to recycle other antioxidants such as vitamin C, vitamin E and
g|utathi0ne_94,95,96,97,98,99,100,101,102,103

ALA was also added to Joint Support because of its actions on decreasing pro-inflammatory
cytokines and cortisol levels, its protective and enhancing effects on many systems including the
immune system, and its effects on alleviating pain.104105106107108109

It has been shown to inhibit cross-linking among proteins, a process that contributes to the aging
process in the body and especially in collagen-heavy tissues such as skin. Alpha-lipoic acid activates
a collagen-regulating factor known as AP-1 that turns on enzymes that digest glycation-damaged
collagen and thus make the skin more supple and youthful looking.1%°

Besides having potent antioxidant and anti-inflammatory effects, ALA also has significant anabolic
effects secondary to its beneficial effects on insulin sensitivity, growth hormone and IGF-I secretion,
and energy metabolism, all factors involved in maintaining, repairing and regenerating
musculoskeletal tissues.111112,113,114,115

As well, it helps neutralize and remove various toxic metals, including mercury, from the body, both
alone and with other compounds such as glutathione (also in Joint Support).16117

But there even more to ALA than the above effects. ALA has also been shown to have significant
anti-obesity effects. One study found that ALA decreases hypothalamic AMPK activity and causes
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profound weight loss in rodents by reducing food intake and enhancing energy expenditure.*® More
recent studies have also found that ALA significantly affects obesity and body composition in
humans,119120121122123 A recent study found that the combination of curcumin and alpha lipoic acid
(both in Joint Support) exhibit an additive effect in weight and fat loss.*?*

Taurine

Taurine ((2-aminoethane-sulfonic acid), a sulfur-containing amino acid is the second most abundant
amino acid in the body, the most abundant free amino acid found in skeletal muscle tissue, the heart
and brain. It's also one of the most abundant amino acids in most organs in the body.

Taurine has a myriad of beneficial functions in the body, including the musculoskeletal and central
nervous system, from development to cytoprotection in all age groups.12526127 As such, it is beneficial
for improving body composition and physical and mental performance. Although it's one of the few
amino acids not directly used for protein synthesis, it can indirectly increase protein synthesis.

Taurine is often considered a non-essential or hesitantly a conditionally essential amino acid for
humans since it can be synthesized by the body from methionine and cysteine. However, the limiting
enzyme required for biosynthesis of taurine is very low in humans and biosynthesis may not be
adequate for times when the need for taurine are increased. As such, diet is the major source of
taurine, while endogenous production from methionine and cysteine in the presence of vitamin B6
(also all present in Joint Support) is a minor source.'?®

As a result of these limits, and to make sure there’s enough taurine available when needed, taurine
has been added to infant formulas as well as to intravenous solutions used for various medical
conditions.

Because of its many functions and suboptimal levels in most people, | consider taurine an essential
amino acids for anyone looking to improve body composition (add muscle and reduce body fat)
and/or increase exercise/sports performance.29130

Taurine is a nutrient that enhances the training effect by its many roles in improving musculoskeletal
function and protection including increasing growth hormone and IGF-1, and decreasing
inflammation, muscle soreness, and injury,131132133134135136137138139140141142143 A recent study concluded
that “taurine administration exhibited protective effects by inhibiting MMP-3 and CHOP
expression, and subsequently alleviated the OA symptoms in experimental rat models.”!4

As well, taurine has immune system benefits, insulin like effects as far as increasing protein synthesis
and decreasing muscle breakdown and cell volumizing effects. The volumizing effect on certain
nutrients on muscle cells is also felt to lead to an increase in protein synthesis.

Over the years, oral taurine administration has been shown to help muscle cramping in patients with
liver cirrhosis and myotonic dystrophy. Several studies have suggested that it may also help to
alleviate muscle soreness and cramps occurring during and after exercise.'4°

Studies on mice and rats show that taurine is useful for reducing physical fatigue, muscle damage,
and exercise induced muscle injury during exercise training, presumably due to its antioxidant effects
and the beneficial effects that taurine has on metabolism and on muscle and cardiac functions.46147
It's also been shown to improves the electrical and contractile properties of skeletal muscle fibers.48
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Another study on rats has shown that oral taurine supplementation may increase muscle performance
and reduce muscle injury caused by exercise.**® The aim of the study was to determine if increasing
muscle levels of taurine would decrease free radical damage after exercise-induced injury. The
authors found that first taurine levels rose in muscle after supplementation, and secondly that running
performance was improved by the taurine supplementation. Thus, it appears taurine supplementation
may facilitate exercise performance and reduce some of the counterproductive muscle injury caused
by exercise.

In humans, taurine supplementation in patients with heart failure increases their exercise capacity.*°
It's been shown that taurine decreases oxidative stress in skeletal muscle after eccentric exercise!!
and that taurine may attenuate exercise-induced DNA damage and enhance the capacity of exercise
due to its cellular protective properties.1®?153 A recent Meta-Analysis concluded that “Human
endurance performance can be improved by orally ingesting a single dose of taurine in
varying amounts (1-6 g).”>* 2 other studies by the same team found that “Oral taurine can be taken
prior to exercise to enhance endurance performance”'>® and that taurine improves power and
exercise tolerance.'%®

There is some evidence to show that taurine may enhance training further by decreasing training
induced fatigue. One study found that Na+-K+-ATPase activity is depressed with fatigue, regardless
of training state, suggesting that this may be an important determinant of fatigue.'>” Another paper
associated fatigue and training with reduced Ca2+-ATPase activity.'>® Previous studies have shown
that taurine stimulates Na+-K+-ATPase activity and also the pumping rate of the Ca2+-activated
ATPase pump. One study found that taurine increased fat oxidation in endurance trained athletes.*>®

Two recent studies in humans found that human endurance performance can be improved by orally

ingesting as little as one gram of a single dose of taurine.10261 Another recent study found that
taurine supplementation increases lipolysis and contributes to energy systems, exerting its effects on
increasing endurance.6?

One study found that taurine administration increased taurine concentrations in skeletal muscles,
reduced the decrease in taurine in skeletal muscles that is seen with exercise, increased physical
endurance by increasing the duration of running time in rats, and was considered to reduce exercise-
induced muscle fatigue.63 Also taurine supplementation has been shown to increase skeletal muscle
force production, protects muscle function and reduce oxidative stress.%4

Taurine is one of the most abundant free amino acids in the testes and is instrumental in the
production of testosterone and in fertility. A recent study concluded that taurine plays important roles
in male reproduction and that a taurine supplement could stimulate the secretion of LH and T,

increase the levels of testicular marker enzymes, elevate testicular antioxidation and improve sperm
quality.165166167168169170171172173174175176

Taurine also plays well with the branched chain amino acids (BCAA) as the combination has been
shown to decrease delayed onset muscle soreness and muscle damage.’’ It's also likely that the
beneficial effects of both taurine and the BCAA on skeletal muscle function are enhanced by other
nutrients such as beta-alanine and carnosine.178179

Taurine is considered a potent antioxidant and cytoprotective agent that may be useful for combating
the adverse effects of physical and psychological stress, and aging.180:181:182.183 184, A recent study
found that taurine has beneficial effects on stress and depression without adverse effects.8® In that
study the authors concluded “that taurine has anti-depressant effects and the mechanisms may
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involve in regulating the HPA function, promoting neurogenesis, cell proliferation, neuronal
survival and growth in the hippocampus.”

In another recent paper taurine was felt to have beneficial effects on periodontal disease, a disease
that is wide spread and increases inflammation, which is counterproductive for optimal health and
performance.86187

Taurine, because of its beneficial effects on skeletal muscle functioning may also be used
therapeutically for skeletal muscle disorders.188189

As well it is a potent antioxidant, taurine has significant anti-inflammatory properties, increases insulin
sensitivity, increases cell volume and therefore protein synthesis, and acts as a cytoprotective agent
in the central nervous system and muscle.:

Taurine is also useful in regenerative therapies. A recent study looked at the effects of taurine in
chondrogenesis when used with stem cells. However, the use of taurine may well aid in
chondrogenesis when used along other ingredients present in Joint Support and as such may be
useful of increasing the repair of cartilage in joints, including the vertebral column facets in
degenerative spinal osteoarthritis.’®® The same study also looked at the beneficial effects of Taurine
on telomerase and for anti-aging.

The bottom line is that taurine, while not an amino acid used in protein synthesis has significant
anabolic and healing effects.

Amino Acids

Amino acids contribute to musculoskeletal health and repair in many ways. For example, proline and
glycine are essential for collagen production. Both are in the BioCell Collagen II™, and extra glycine
is also added to the Joint Support formula. Proline is the precursor to hydroxyproline, an essential
ingredient in collagen production and thus in joint and tendon health and repair.

Methionine is a sulfur bearing amino acid and is necessary for cartilage formation. It has been shown
to stabilize joint cartilage and protect joint tissue from damage, and also has shown to be useful in the
treatment of rheumatoid arthritis.

Arginine aids in the release of growth hormone, a powerful hormone that aids in collagen tissue
repair. As well, arginine increases nitric oxide formation, which causes vasodilatation and improves
circulation promoting the healing of damaged tissues and wounds. It has also been shown to act as a
mild analgesic and relieve pain. A recent report in The Lancet (Vol. 352, July 25, 1998) suggests that
it may help promote healthy tendons and help promote soft tissue repair.

Histidine may also play a role in joint health by decreasing inflammation and perhaps in other ways.
It's thought that people suffering from arthritis benefit from supplemental histidine because of the
effects it may have in reducing inflammation associated with joint disease and other musculoskeletal
disorders.

Antioxidants
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Antioxidants form a front-line defense against cell damage caused by free radicals, which are
involved in muscle, joint and tendon damage and inflammation, degenerative arthritis and even in the
aging process. The exogenous use of antioxidants can reduce free radical damage that occurs when
we exercise and can also attenuate the ongoing damage to injured tissues caused by free radicals,
thus accelerating the healing process.

Antioxidants, such as vitamins C and E (see under Vitamins below), alpha lipoic acid (more info
below) selenium, green tea, astaxanthin, curcumin, Boswellia, reduced glutathione and N-
acetyl-cysteine (NAC), all present in Joint Support, can play an important role in reducing
inflammation and fatigue, decreasing tissue damage, and in both preventing and treating injuries.

Various antioxidants, such as vitamin E, have been found to be useful in the treatment of some forms
of arthritis'® and in dealing with the oxidative stress of exercise.®?> As well, oxidative damage has
been shown to contribute to the pathogenesis of injuries and arthritis, and the use of antioxidants,
such as NAC,% shown to have therapeutic value for reducing endothelial dysfunction, inflammation,
fibrosis, invasion and cartilage erosion.

A study found that a combination of 2 antioxidants, selenomethionine and epigallocatechin-gallate
(the main antioxidant in green tea extract), had beneficial effects on catabolic and anabolic gene
expression of articular chondrocytes.'®* The authors of the study concluded that “Our data provide
insights into the mechanisms whereby ECGg and selenium modulate chondrocyte
metabolism. Despite their differential mechanisms of action, the 2 compounds may exert
global beneficial effects on articular cartilage.”

A study published in January 2019 found that the antioxidants vitamin C, vitamin E, and alpha lipoic
acid facilitated high intensity exercise IL-15 expression in skeletal muscle.'®® As this study rightly
states Interleukin-15 (IL-15) stimulates mitochondrial biogenesis, fat oxidation, glucose uptake
and myogenesis in skeletal muscle.

A recent study emphasized the importance of selenium in maintaining endogenous antioxidant
production. Selenium is important for the selenium-dependent endogenous antioxidant glutathione
peroxidase (GPx). This selenium-dependent GPx reduces lipid hydroperoxides to their corresponding
alcohols and water and so maintains intracellular redox status. 19

Selenium is required as a cofactor for the synthesis of this enzyme, and data suggest that reduced
blood selenium concentrations are associated with an increased cardiovascular incidence, certain
cancers, and all-cause mortality.

I'll be covering studies on the importance of antioxidants, both exogenous and endogenous in future
articles concentrating on the beneficial effects of exogenous antioxidants in priming endogenous
antioxidant production, and the use of both types of antioxidants in high intensity exercise, countering
some earlier studies that found that antioxidant use was counterproductive in those that exercise.

The difference is that the use of antioxidants in those that are involved in highly intensive exercise
and competitive sports is beneficial while in others where the exercise is not intense it may be
detrimental.

More on this in an upcoming article.
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Boswellia Serrata Extract

The gum resin of boswellia serrata, also called salai guggal, has been used as an herbal treatment
for rheumatoid arthritis and other inflammatory conditions for centuries in Ayurvedic medicine.®’
Boswellia inhibits pro-inflammatory mediators, such as inflammatory cytokines and leukotrienes, and
reduces degradation of glycosaminoglycans in connective tissues.198199

Tissue and animal studies have demonstrated the anti-arthritic properties of Boswellia extracts.2%,201
One study found that an herbal dietary supplement consisting of a natural resin extract of Boswellia
serrata was effective for the symptomatic relief of osteoarthritis in dogs?®?

Clinical studies including humans with inflammatory conditions and administered Boswellia reported
improvements after 7 days. The extracts also were well tolerated by patients.

Several studies have found a synergistic effect of curcumin and Boswellia on osteoarthritis.?93204 |n
2018 a meta-analysis found that “curcuminoid and Boswellia formulations could be a valuable
addition to the knee OA treatment regimens by relieving symptoms while reducing safety
risks.”20s

Bromelain, Papain, Trypsin and Rutin

Oral agents containing various natural enzymes, including bromelain, trypsin, and papain, and rutin,
have been used in Europe to treat injuries and arthritis. Such enzyme combinations may reduce
inflammation and cartilage damage. Several studies in animals have shown beneficial effects from
the use of these enzymes.

In Joint Support | included four proteolytic enzymes that | feel are the most useful - the
endopeptidases bromelain and papain, the flavonoid rutosides (rutin) and the hydrolase L-trypsin. All
four are effective proteolytic enzymes and have been used in the oral treatment of injuries and
arthritis. 206

These proteolytic (protein-digesting) enzymes aid in modulating inflammation several ways. They aid
increase absorption of other substances and help to degrade inflammatory debris in the body. Repair
commences at a faster rate while inflammation is contained. All four have been documented as being

useful for reducing inflammation, swelling and pain and increasing
recovery_207,208,209,210,211,212,213,214,215

Cayenne Pepper

Capsaicin, the primary active ingredient in cayenne, is involved in pain mediation and has anti-
inflammatory properties. It also has a protective effect on the lining of the stomach. As well, it has
beneficial effects on circulation and protective effect on the lining of the stomach.

Carnosine

Carnosine, a dipeptide made up of the amino acids alanine and histidine (histidyl-alanine) was added
to Joint Support because of its many beneficial effects. It has been shown to have significant
antioxidant and anti-inflammatory properties, increase healing, enhance the immune system, and
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It also inhibits glycation, a destructive protein/sugar reaction that occurs in the body and which
contributes to aging through several mechanisms including the breakdown of connective tissue, a
loss of elasticity, and a decrease in cellular hydration. Carnosine, along with alpha lipoic acid (also in
Joint Support), provides protection against glycation and premature aging.

Carnosine, a potent antioxidant and buffering agent, is found in the highest concentration in muscle
and brain, where it is felt to have an anti-ischemic effect and thus protect and buffer these tissues.

Carnosine is also believed to decrease both central and peripheral fatigue. In the brain it is also used
to synthesize neurotransmitters which are involved in fatigue. In muscle, carnosine decreases
exercise fatigue and contribute to recovery.

Coenzyme Q10 (ubiquinone-10, CoQ10)

Coenzyme Q10 (CoQ10), a coenzyme that is ubiquitous in animals, including humans, is a lipid-
soluble antioxidant and acting as an electron carrier is a key component of the mitochondrial electron
transport chain for adenosine triphosphate (ATP) production.??* It is also one of the key antioxidant
nutrients that protect mitochondrial membrane lipids and proteins and mitochondrial DNA from free
radical-induced oxidative damage.

As such it is necessary for proper energy metabolism. For example, myocardial CoQ1o0 content is
reduced by cardiac failure and aging. It is also reduced by statins, the popular cholesterol lowering
drugs. Studies have suggested preventative supplementation of CoQ10 for cardiac health and for

CoQ10 has been shown to decrease oxidative stress and mitochondrial damage leading to increases
in mitochondrial mass in many tissues.?*'232 As well, CoQ10 has been shown to affect the expression
of genes involved in human cell signaling, metabolism and transport. As such since many
neurodegenerative disorders, diabetes, cancer, and muscular and cardiovascular diseases have
been associated with low CoQ10 levels, supplementation may be beneficial in many conditions and
diseases?33234235 236237238 ncluding alleviating intervertebral disc degeneration.?3°

For example, CoQ10 supplementation has been shown to have anti-aging and beneficial effects on
semen parameters, fertility, testicular damage, and reproductive hormones including
testosterone.240241242243244245246247248 |n g recent study CoQ10 while not found to directly increase
testosterone, CoQ10 supplementation “was found to ameliorate the reduction in testosterone
induced by chemical reproductive toxicants, mainly by neutralizing the damaging effect of the
generated free radicals.”?*°

CoQ10 has also been shown to have beneficial effects on oxidative stress, inflammation, the immune
system and on exercise performance_250251252253254255256257258259260

CoQ10 also regenerates and extends the action of vitamin E thus further protecting against
membrane lipid peroxidation. Under the various forms of stress and inflammation, demand for
coenzyme Q10 increases which must be met by dietary intake in order to optimize mitochondrial
function.
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As well, it has been shown that the reduced form of CoQ10 is an important physiological lipid-soluble

antioxidant that scavenges free radicals generated chemically within liposomal membranes.?61,262 |t
has also been shown that it reduces oxidative stress associated with strenuous exercise in rats,
healthy adults and young athletes.263264265266267 A5 noted above, vitamin E and ubiquinone increase
physical working capacity of experimental animals.?58

Generation of free radicals and subsequent lipid peroxidation have been proposed to contribute to
delayed tissue damage. One study has found that ascorbate and ubiquinol levels were decreased
after trauma.?%9 In this study, changes in tissue levels of ubiquinol, but not ascorbate reflected the
degree of trauma. The authors suggest that ubiquinol levels may provide a useful marker of the
oxidative component of the secondary injury response.

A recent study found that a combination of CoQ10 and selenium (both in Joint Support) had
significant effects on reducing inflammatory biomarkers.?’® Another recent study found that CoQ10
supplementation “significantly recovered mitochondrial function and concurrently decreased
the generation of reactive oxygen species and lipid peroxides, inhibited the accumulation of
lipid droplets and the formation of the NOD-like receptor family pyrin domain-containing three
(NLRP3) inflammasome, and reduced interleukin-1B release and cell death.” Also, the authors
concluded that their results clarified “the causal role of CoQ10 in coupling the electron transport
chain with R-oxidation".?"!

Joint Support also contains acetyl-I-carnitine, the acetyl form of L-carnitine which are
interchangeable in the body. While one forms from the other and have similar effects in the body,
each also has specific effects. Studies have shown that under certain conditions CoQ10 plus L-
carnitine and in some cases L-carnitine alone, significantly increases total antioxidant, LH and
testosterone levels as well as improving semen parameters,?272273274275276277278279280

Devil’s Claw Root (Uncaria Tomentosa)

Africa is home for this traditional herbal medicine. Growing wild in desert soils, its large, sharp, claw-
like fruit is a nuisance and danger to grazing cattle, hence its name. The root of the Devil's Claw plant
is harvested at the end of the rainy season. Today it is widely used alone or in combination with other
herbs to treat arthritis, rheumatism, gout and other inflammatory diseases.

Devil's Claw possesses anti-inflammatory properties that are derived from its active ingredients of
harpogoside and beta-sitosterol. In its traditional uses, patients report relief of pain, swelling and joint
discomfort.

The modern research on Devil's Claw is less than complete, however it is well recognized and
prescribed in many European medical clinics. Some lab studies have reported that it possessed anti-
inflammatory and analgesic properties like the drug phenylbutazone, but some other studies failed to
observe this action. This inconsistency may stem from a lack of understanding on the exact
mechanism of its medicinal actions.

Side effects are rare, but it is not recommended for pregnant women or those suffering from ulcers. A
standardized extract is 5% harpogosides and 100 mg daily is a typical dosage.
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Ginger

Ginger (zingiber officinale) is described in Ayurvedic medicine to be useful in inflammation and
rheumatism. Sources suggest that one of the mechanisms by which ginger shows its therapeutic
effects could be related to inhibition of prostaglandin and leukotriene biosynthesis, thereby working as
a dual inhibitor of eicosanoid biosynthesis.?®! The bioactive constituents (the main one being [6]-
gingerol) have been shown to inhibit the enzymes that facilitate production of several pro-
inflammatory factors. A study has shown a favorable comparison between ginger and ibuprofen (a
popular arthritis medication).?®? Ginger has also been shown in a small clinical study to decrease
pain, increase mobility and reduce swelling and stiffness.

Besides its anti-inflammatory effects, ginger has been shown to be a powerful antioxidant with anti-
viral activity 283284 and a recent study suggests that ginger by way of reducing oxidative stress helsps
to reduce muscle loss. 28°

Ginkgo Biloba

Ginkgo biloba herb is extracted from the Gingko biloba tree and has many useful effects including
increasing blood flow to various tissues, and works against free radicals. It has been shown to
improve blood circulation to the skin, brain, hands, feet and legs.?®® It's also a potent antioxidant and
has significant anti-inflammatory effects.?®’

Terpines in gingko biloba appear to block Platelet Activating Factor. PAF is a chemical messenger
that causes inflammation and problems with blood vessels. It's also a potent antioxidant and as such
helps protect tissues from oxidative damage.

Green Tea Extract

The constituents of green tea are polyphenolic compounds termed catechins. The most abundant
catechin in green tea is (-)-epigallocatechin 3-gallate (EGCG) although others are also present in
lesser quantities.

Green tea extract, besides being rich in antioxidants, also has significant effects on inflammation and
the musculoskeletal system.?88,289 290 Eor example green tea catechins have been shown to inhibit
inflammation and cartilage degradation, and have therapeutic effects on a variety of musculoskeletal
problems including arthritis.2°1,292 293 294 295

Green tea extract may well prove to be more useful than green tea itself. One study found that green
tea extract supplements retain the beneficial effects of green and black tea and allow larger doses of
tea polyphenols to be used without the side effects of caffeine associated with green and black tea
beverages.?%

A recent study found that the use of green tea leaf extract (the extract in Joint Support) counteracts
the dysfunction of adipose tissue in overweight post-menopausal and class | obese women.?®” Other
studies support the benefits of green tea in decreasing body fat and improving body
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Several studies have also shown that green tea reduces anxiety, improves cognition and brain
function, is useful for some gynecological disorders, is useful in treating and preventing infectious
diseases and cancer,302303304305306

Melatonin

Melatonin, a hormone produced by the pineal gland located at the base of the brain, has many
important properties and effects, including regulating the sleep/wake cycles, and increasing growth
hormone secretion.

Several studies have shown that melatonin increases growth hormone secretion through
complimentary pathways3%’ for as long as 24 hours.3%® Melatonin has also been found to enhance
exercise-induced growth hormone secretion.3%° As well it's been shown that melatonin induces
normal sleep patterns which in turn are conducive to maximizing night time growth hormone
secretion.

Melatonin has also been shown to have significant antioxidant effects. In one study it was found to
have greater antioxidant effects than vitamins E and C, and reduced glutathione.319)

In a recent study the authors concluded that “Evidence shows that intense exercises disturb
antioxidant status of competitive athletes, whereas supplementation with melatonin strengthens
antioxidant status in trained athletes in various sports as the compound showed high potency in
reduction of the oxidative stress and inflammation markers generated during intense and prolonged
exercise.”!!

It has also been shown to be useful in treating insomnia and sleep disturbances related to conditions
like fibromyalgia (vitamin D, also in Joint Support, may have some potential in the prevention and
management of fibromyalgia3'?) and depression. As such it is useful for decreasing the stress that
often accompanies musculoskeletal injuries and other problems These effects can result in significant
effects on injury prevention and healing.

Also, aspirin and other NSAIDs, which are often used to treat injuries, arthritis and other inflammatory
conditions, can decrease melatonin levels and thus increase the need for melatonin supplementation.

Omega-3 and Omega 6 Oils — GLA, DHA and EPA -

Synthesis of collagen involves a cascade of biochemical modifications of the original building blocks.
Many enzymes, cofactors and growth promoters influence these modifications, which are crucial to
the structure and function of mature collagen and other tissues so important to integrity of joints and
other connective tissue.

Dietary fatty acids are precursors for hormones and determine the composition of our cell
membranes, influencing the production of pro- and anti-inflammatory substances. Omega-3 fatty
acids, found in fish oils (mainly EPA and DHA) and flaxseed oil, have been shown to reduce oxidant
stress®!13 (oxidative stress or free radical damage is a factor of importance in the development of
musculoskeletal inflammatory events) and suppress the production of pro-inflammatory compounds in
the body3!* and therefore influence inflammatory conditions such as arthritis.3%°
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The literature documents relief of tender joints and morning stiffness associated with arthritis, thus
reducing the need for non-steroidal anti-inflammatory drugs (NSAID).316:317 Also, there was no
gastrointestinal upset that is typically associated with chronic NSAID use.

A review paper concluded that the available data show consistent and reproducible beneficial effects
of omega-3 (n-3) fatty acids on bone metabolism and bone/joint diseases.3'8 European clinical trials
have shown a synergistic effect of fish oil and vitamin E in reducing pain in patients with rheumatoid
arthritis.3%°

Gamma linolenic acid (GLA) has shown anti-inflammatory properties and decreases some of the
pro-inflammatory cytokines such as TNF-alpha and IL-1 beta.®?° In one study arthritic patients using
GLA had reduced joint pain and stiffness and improved grip strength.

Pau D’Arco

Pau d'arco, or the inner bark of the tabebuia avellanedae tree, is native to Brazil, where it is used
traditionally to treat a wide range of conditions including pain, inflammation and arthritis.

Preliminary laboratory research examining the properties of pau d'arco is beginning to suggest that
the traditional uses may have scientific merit. Such laboratory studies have shown that pau d'arco has
pain killing, diuretic, anti-inflammatory, anti-infectious, anti-psoriatic, and anti-cancer abilities. Taking
this early data, combined with information collected about traditional uses Pau d'arco may reduce
inflammation of the musculoskeletal system associated with injury and arthritis.

Rutin and Quercetin

These two flavonoids have been shown in several studies to have significant anti-inflammatory
activity in cases of both acute and chronic inflammation.321322323

A review article concluded that there is evidence to suggest that flavonoids may be beneficial to
connective tissue for several reasons, which include the limiting of inflammation and associated
tissue degradation, the improvement of local circulation, as well as the promoting of a strong collagen
matrix. 324 These compounds also have significant antioxidant properties. Quercetin may have
properties that downregulate or inhibit cyclooxygenase-2 safely.325

Quercetin is even more effective for decreasing inflammation and loss of functional cells when used
with high dose glucosamine (both present in Joint support).32¢

Quercetin has also been shown to enhance exercise/sports performance and increase mitochondrial
biogenesis thus positively affecting energy metabolism.3?7

Recent studies have expounded on the beneficial effects of quercetin including neuroprotection,
senolytic effects, and a reduction of aging-associated disc degeneration.328329

S-Adenosyl-L-methionine (SAMe) — Increasing Endogenous
Production

Methyl donors are important for the methylation reaction, which adds a methyl group (one carbon
atom and three hydrogen atoms), on proteins, enzymes, chemicals, DNA, and amino acids like
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homocysteine. Methylation is important for maintaining many functions in the body including genetic
expression, and neurological and musculoskeletal function.

Usually, this methylation process occurs through a compound called S-adenosyl-L-methionine
(SAMe). However, SAMe, because of its volatility and incompatibility, can’t be incorporated into a
multi-ingredient formula such as Joint Support so the alternative is to include ingredients that have
been shown to increase endogenous production and at the same time reduce the increased levels of
homocysteine that can follow.

SAMe, is synthesized from the amino acid methionine and its level in the body is increased by dietary
methyl donors such as folic acid, B12 (especially the methylcobalamin that is used as the preferred
form of B12 in Joint Support rather than the synthetic cyanacobalamin, the usual form of B12 found in
most other supplements), B6 and betaine (trimethyl glycine). These nutrients are also needed to
reduce homocysteine levels and decrease cardiovascular disease.

Various clinical trials and animal studies suggest that SAMe may be effective, among other things, in
reducing pain and inflammation in the joints, in promoting cartilage repair, and helping with arthritic
symptoms.330:33! |t’'s also felt to have significant direct and indirect (by increasing glutathione
synthesis) antioxidant effects.332

Some of these studies have shown that SAMe supplements were as effective as NSAIDs in people
with arthritis in diminishing morning stiffness, decreasing pain, reducing swelling, improving range of
motion, and increasing walking pace. Several of the studies also suggest that SAMe, while as
effective as NSAIDs, has fewer side effects.333

A recent study found that a combination of SAMe, glucosamine, and chondroitin resulted in an
increase in articular cartilage, and a decrease in pain in people with knee osteoarthritis.33*

Shark Cartilage

Shark cartilage may have benefits in accelerating the healing of cartilage. Studies have shown that
shark cartilage can play a scavenger role for reactive oxygen species and protect against DNA
lesions and as such degenerative joint diseases.33336 Also shark cartilage has been shown to have
some analgesic and anti-inflammatory effects.337:33 As well, shark Cartilage has been shown to
inhibit angiogenesis and stimulating immune function.

Silicon

Silicon is considered an essential trace element and is required for the formation of skin, ligaments,

tendons, cartilage and bone.33° This is thought to be due to its role in the enzyme prolyhydroxylase,

which is responsible for the formation of collagen in bone and elastin, cartilage and other connective
tissues. Silicon is also essential for bone calcification and bone health.34°

Stinging Nettle Extract

Nettle extracts have long been used as an adjunct treatment for arthritis in Europe and is not
beginning to gain popularity in the United States. Cell studies using extracts of nettle leaf have
demonstrated a variety of active substances that inhibit prostaglandin production and cytokine
secretion.
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Tumor necrosis factor-alpha (TNF-a) and nuclear factor are factors associated with chronic
inflammatory conditions. These factors as well as other cytokines such as interleukin-1B (IL-1B) have
been identified as factors that aid the destruction of cartilage in osteoarthritis and rheumatoid arthritis.
Nettle leaf significantly reduces the concentration of these factors, thus improving arthritic conditions
as seen evidenced in human clinical trials.3**

Turmeric

Curcumin, the active component of turmeric, is documented to have anti-inflammatory, antioxidative,
and immune system benefits,342343344345346 A5 gn antioxidant, curcumin reduces the activity of certain
enzymes, inhibiting all branches of the arachidonic acid cascade thus reducing inflammation and as a

bonus reducing counter-productive muscle damage and soreness, and enhancing recovery from
exercise.347348349350

Turmeric exhibits marked anti-inflammatory action and has been shown to be as effective as some
anti-inflammatory drugs For example, in a double-blinded trial, post-surgical patients receiving
curcumin experienced reductions in stiffness and joint swelling comparable to the effects of
phenylbutazone, a potent anti-inflammatory drug.3%* Studies have found that curcumin is effective for
reducing inflammation and pain in knee osteoarthritis and useful for the treatment of muscle damage,
and tendon inflammation and injuries,352353354355356

Of all the spices and herbal preparations, it seems that only the spice turmeric has any anti-
inflammatory effects. This was the conclusion of a study of a variety of Ayurvedic and herbal
preparations, which was presented recently at the 9th Asia Pacific League of Associations for
Rheumatology Congress.

In this study, a variety of herbal and Ayurvedic preparations were tested in rats. The rats were fed
oral doses of the varied herbal and Ayurvedic recipes. Only turmeric showed anti-inflammatory effects
when tested on irritated paws of the rats.

As well, turmeric has also been shown to have neuroprotective activity, antioxidant and anti-
inflammatory effects, protective effects against chemical damage to skin and connective tissue, and
antiviral effects.3573%8

Piperine (see Bioperine info below) enhances the bioavailability of curcumin and thus enhances
curcumins antioxidant properties, and its effects on inflammation, improved recovery after exercise,
and curcumin’s neuroprotective effects.359360361 362

See information above on the benefits of curcumin and bromelain against Covid-19.
Vitamins and Minerals

Introduction

Recovery and repair of tissues require a host of vitamins and minerals that participate in synthesis of
new cells and tissue. For example, certain vitamins and minerals have anti-inflammatory and
protective effects and many are also required to facilitate the formation of endogenous anti-
inflammatory compounds, including Vitamin D3, Vitamin B3, Vitamin B6, Vitamin B12, Folate,
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Vitamin K, Vitamin E, Vitamin C, niacin, zinc, potassium, copper, manganese, Pantothenic
Acid, chromium, selenium and magnesium. Many vitamins and minerals also serve as antioxidants
and help protect cells against the oxidative damage produced by inflammation.

Vitamin C

For example, vitamin C is necessary for collagen synthesis and is a strong antioxidant with beneficial
effects on pro-inflammatory cytokines.3%3 Research on vitamin C shows that it may have important
effects in reducing pain and inflammation secondary to exercise. In one study 400 mg daily of vitamin
C reduced post exercise pain and inflammation.®%* Vitamin C is involved in the enzymatic
hydroxylation of proline to form 4-hydroxyproline, an amino acid that is an integral part of collagen
and elastin.

A recent study found that the present RDA for vitamin C is insufficient to deal with collagen-related
pathologies including osteoarthritis, other joint and musculoskeletal disorders.3%° Joint Support
includes 200 mg of vitamin C, an amount that | consider critical to musculoskeletal health. As well, my
lineup of nutritional supplements has several other products providing additional vitamin C. For
example, MVM, a companion product to Joint Support contains 500 mg of vitamin C.

Vitamin E

As well as being an antioxidant, vitamin E, has been demonstrated to reduce pain in arthritic
patients. Both vitamins, E and C, are important in treatment of arthritic conditions, as shown in
studies, possibly by reducing oxidative stress induced by TNF-a.. And both vitamins are also helpful in
reducing muscle soreness secondary to exercise. Clinical studies report that supplementing with
vitamin E and C reduce post-exercise inflammation and pain in muscles and joints.

Vitamin B3 and B5

Several clinical studies have shown the anti-inflammatory effects of vitamin B3 (as niacinamide)
and its benefits of in both rheumatoid and osteoarthritis. Pantothenate or vitamin B5 has been shown
in several studies to influence wound healing and collagen synthesis. Some studies have also shown
that low levels of pantothenic acid (vitamin B5) are inversely related to increased joint pain and
stiffness.

Niacinamide and niacin also directly increases GH secretion. Niacinamide, along with the amino
acid glycine (which also has an effect on GH secretion), also have some relaxing effects and thus
are useful before bed to help sleep.

Vitamin B6

Vitamin B6, a critical co-factor involved in macronutrient metabolism, GH and IGF-I secretion, tissue
anabolism, and the production of neurotransmitters including dopamine, noradrenaline and serotonin,
and is also involved in optimizing the function of the T-cell population, lymphocytes that are intimately
involved in the immune response.366367

CD8+ T cells, also known as "killer cells", are cytotoxic - this means that they are able to directly kill
virus-infected cells, something that is essential for decreasing the deadly effects of the Covid-19
pandemic.
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As well, vitamin B6 is an essential co-factor necessary for the metabolism of protein and a useful
supplement to take with any amino acid and/or protein product. Transamination of amino acids,
important for many functions in the body including protein synthesis, anaplerosis, energy metabolism,
is promoted by several enzymes among which are the aminotransferases, which are derivatives of
vitamin B6. For example, in a deficiency of vitamin B6 the nonessential amino acids are synthesized
only poorly and, therefore, protein synthesis cannot proceed normally.

Joint Support has both pyridoxine (in the form of HCL) and pyridoxal-5-phosphate (P5P) in it. P5P
is the metabolically active form of vitamin B6. Pyridoxine HCL, while as easily absorbed as P5P must
be converted to P5P in the body in order to be used by the enzymes involved in protein metabolism
and various hormonal processes. P5P is the preferred form of vitamin B6 as it can be used directly in
the body without relying on the liver's conversion of other forms of vitamin B6 into P5P. As well, less
is needed to achieve the same cofactor effects.

Vitamin B12

Vitamin B12 is metabolically involved in almost every cell in the body, including the synthesis and
regulation of DNA and neurotransmitters. It is vital for normal brain and nervous system functioning
and for the formation of red blood cells.

B12 is involved in fatty acid and amino acid metabolism, helping to regulate protein synthesis and
lipolysis/lipogenesis, thus helping to improve body composition. As well, it helps to decrease serum
levels of homocysteine, cholesterol and C-Reactive proteins, markers of heart disease and
inflammation in the body. B12 is also involved in adrenal and testicular function including normalizing
testosterone and cortisol levels, and spermatogenesis.

In Western populations, vitamin B12 deficiency occurs in up to 40% of diets because people often
consume a low quantity of vitamin B12—rich foods. In extreme cases, this deficiency can produce
neurologic and hematologic signs and symptoms. However, low or marginal vitamin B12 levels (200-
300 pg/mL [148-221 pmol/L]) in asymptomatic individuals is far more common.

Vitamin B12 deficiency can lead to serious problems including anemia, and damage to the brain,
central nervous system, and the reproductive axis. Even marginal deficiencies can cause symptoms
including cognitive decline, fatigue, depression, lower testosterone production, decreased libido, and
sexual and reproductive dysfunction,368369370371372373374375376377

Vitamin B12 deficiency can occur secondary to low intake relative to need, such as can happen in
vegetarians and especially vegans (vitamin B12 is essentially absent from plant sources), from
deficient absorption due to certain intestinal disorders and problems with intrinsic factor, and from the
use of certain medications, such metformin, a common diabetic medication,378379380381382383384385

Ample amounts of vitamin B12 are included in Joint Support, at levels 10 times the amount found in
most other products. As well, the B12 is in the form of methylcobalamin, the biologically active form
of B12, which is better absorbed and used by the body compared with the synthetic cyanocobalamin,
the less expensive form of B12 usually used in most nutritional supplements. As the body must
change the cyanocobalamin into methylcobalamin, this process may be compromised in some people
so using the metabolically active form is more efficient and improves bioavailability and function.
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Methylcobalamin, as well as other methyl group donors such as folic acid, betaine, methionine,
with the aid of vitamin B6 (all in Joint Support), have multiple functions in the body including
increasing the formation of SAMe (see above) and the conversion of homocysteine (high levels are a
risk factor for cardiovascular disease) to the essential amino acid methionine.

B12 helps to optimize macronutrient metabolism, maximize muscle mass and decrease body fat.386387
As well, it helps to decrease serum levels of homocysteine, cholesterol, TNF-alpha, and C-Reactive
proteins, markers of heart CNS diseases and inflammation in the body.3838 Decreasing inflammation
helps to decrease cortisol levels and thus increase the beneficial musculoskeletal effects of Joint
Support.

Supplementation with folate which is in Joint Support, has recently been shown to have an impact on
the epigenetic clock predicting chronologic age.3%°

Minerals

Minerals are required for normal cell function and several serve as cofactors in the many enzymatic
processes involved in synthesis of connective tissue macromolecules. Calcium and phosphorus (in
the form of phosphates), and vitamin D to regulate both, are important for joint and bone health.
Vitamin D In addition to its effects on calcium metabolism, also plays a role in the normal turnover of
articular cartilage.

Boron and Manganese

Boron3%! and manganese??? are critical cofactors for collagen and GAG synthesis and metabolism.
Some pharmaceuticals are known to negatively interact with some minerals. Supplementation of
these minerals should ensure adequate supply in the body.

Zinc

Zinc, a trace mineral, is a constituent of more than a hundred fundamentally important enzymes, so
zinc deficiency has many negative effects on almost every body function.3?® As well, zinc deficiency
can adversely affect the reproductive hormones adding another factor as to how it can impair athletic
efforts.3%* Zinc is also important for male fertility.3%°

Zinc is necessary for the immune system and is a potent inhibitor of various RNA viruses and may be
beneficial for both prevention and treatment of the present COVID-19 pandemic.396397398399 |t'g
interesting that like the Covid-19 virus, zinc deficiency can result in the loss of sense of smell and
taste. It's possible that zinc deficiency may contribute to these losses since zinc deficiency in humans
is widespread*® and athletes may be particularly prone to lower plasma zinc levels.#%!

Exercise can lead to an increased need for certain nutrients. Problems can arise from exercise
induced mineral loss, which is further enhanced by the finding that many of us don’t consume
adequate amounts of many essential minerals.

Studies have shown that many athletes, and female athletes in particular, consume diets that have
been found to be inadequate for certain key minerals such as zinc, magnesium, copper, and iron. The
combination of strenuous exercise and compromised mineral status ultimately leads to low endurance
capacity, depressed immune function, and the development of a variety of disease conditions.
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One study looked at the effects of zinc deficiency on physical performance and found that low dietary
zinc was associated with impaired cardiorespiratory function and impaired metabolic responses during
exercise.*0?

Zinc deficiency adversely affects protein synthesis. In one study the effects of zinc deficiency in rats,
on the levels of free amino acid in urine, plasma and skin extract were investigated.4°® Zinc deficiency
adversely affected skin protein synthesis. Especially where a deficiency may be present,
supplemental zinc has resulted in an increase the secretion of growth hormone and IGF-1,4%4 and

testosterone?®® and to raise plasma testosterone and sperm count.406,407

A study looking at the effects of zinc supplementation on wrestlers found that the results obtained at
the end of the study indicate that zinc supplementation (as well as several other ingredients in Joint
Support including NAC and ALA (both in Joint Support) prevents production of free radicals by
activating the endogenous antioxidant system.4%8

This activation is important as it coincides with the effects of exercise, which also activates the
endogenous antioxidant system and leads to increased endogenous antioxidants that enhance the
beneficial effects of exercise on body composition and performance. The authors concluded that
“physiologic doses of zinc supplementation to athletes may beneficially contribute to their health and
performance.”

It's been shown that there is an improvement in insulin resistance with zinc supplementation and that
zinc is involved in controlling some of the aspects of obesity.*%° Zinc also improves calcium
metabolism and thus the beneficial effects that calcium has on fat metabolism.

While some believe that high levels of zinc are needed for the multitude of benefits that it offers*:°
that is not the case in my experience. Increasing levels of zinc in Joint Support above the RDA
showed no improvements in the effects of Joint Support..

The amount of zinc in Joint Support augments zinc found in several diverse foods to provide above
RDA levels of bioabsorbable zinc. For example, lamb (3 ounces contains half the recommended daily
value), beef, and pumpkin seeds, are rich in zinc content.

Clinical evidence suggests that zinc deficiencies have a high impact on connective tissue synthesis.
Zinc primarily acts as cofactor in many enzyme systems that regulate cell proliferation and growth
and in immune integrity. Diminution of collagen synthesis and strength as well as impaired healing is
seen in animal tissues with zinc deficiencies.

Copper

Copper is a co-enzyme for lysyl-oxidase, which is essential for the conversion of collagen and
elastin, and subsequently for joint function. It also has anti-inflammatory properties and may ease
pain in arthritic and damaged joints. As well, adequate serum copper levels are critically important for
bone health.4'1

Magnesium
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Magnesium is an essential trace element that is important for cellular and tissue health and recovery.
Over two thirds of magnesium in the body is found in bone and it has been shown that magnesium

deficiency impairs bone strength and is a benefit both in terms of bone mineral density and fracture
risk_412413414

Magnesium, besides complementing the effects of calcium on bone health*®> and obesity*¢ also has
several other important functions. Magnesium deficiency, which has been on the rise in the past few
decades, results in significant adverse musculoskeletal, neurological, cardiovascular and metabolic
effects.*’

Magnesium is involved in numerous processes that affect muscle function including oxygen uptake,
energy production, electrolyte balance, testicular function, and protein synthesis. Low levels of
magnesium promote inflammation*'41® and impact on the body’s ability to handle stress.*?° These
functions are useful in alleviating the release of pro-inflammatory cytokines and decreasing both
insulin resistance and inappropriate cortisol secretion.

There is evidence that marginal magnesium deficiency impairs exercise performance and increases
oxidative stress. As well, strenuous exercise increases urinary and sweat losses that may increase
magnesium requirements.*2!

Recent surveys have shown that a significant number of individuals are magnesium deficient based
on their intake. Athletes in sports with weight classes are especially vulnerable to magnesium
deficiency due to their weight loss practices. As such, in these athletes, and others who are
magnesium deficient or whose levels are marginal, magnesium supplementation would have
beneficial effects on exercise performance.

Magnesium, because of its many functions has potential as an ergogenic aid.#22423424 A recent study
found that magnesium supplementation improved alactic anaerobic metabolism, even though the
athletes were not magnesium deficient.#?®> Another study found that magnesium supplementation
increased strength performance.*?® As well, magnesium may prove effective for muscle cramps*?’
and has a protective effect on muscle damage.*?®

Magnesium has been shown to influence testosterone levels as well as the anabolic peptide IGF-
1.429430 One study found that supplementation with magnesium increases free and total testosterone
values in sedentary and in athletes.*®! In this study the increases were found to be higher in those
who exercise than in sedentary individuals. As well, magnesium has been shown to work along with
zinc and B6 (both of which are present in Joint Support) to produce a significant anabolic effect.*3?

Magnesium is also important in enhancing mTOR signaling which has anabolic effects by enhancing
muscle strength and regeneration, and performance. 433434

White Willow Bark

Salicin, a glycoside present in most willow tree bark, has been a known source of pain relief since
Hippocrates. Derivatives of salicylates are widely used for their analgesic and anti-inflammatory
properties. Aspirin is the best known of these compounds, and salicin is its precursor. The most
accepted mechanism of action proposed for the salicylates is inhibition of prostaglandin biosynthesis.
Aspirin and other salicylates inhibit cyclooxygenase enzymes, which are responsible for conversion
of arachidonic acid to prostaglandins, mediators of inflammation.
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A recent study showed that aspirin and fish oil together had a more favorable effect on the pro-and
anti-inflammatory factors than aspirin alone.*3 Also, the natural sources of salicin have fewer side
effects than aspirin.

Yucca Leaf Extract

Yucca contains natural steroid like compounds that have anti-inflammatory, analgesic and antioxidant
properties.*® These saponins also block the release of toxins from the intestines that inhibit normal
formation of cartilage. Yucca has also been shown to have some anti-tumor effects.

Astaxanthin

Astaxanthin is a carotenoid, a powerful lipid based antioxidant found naturally in certain plants and
animals. The astaxanthin used in nutritional supplements comes from a type of algae that makes
astaxanthin. Astaxanthin complements and adds to the many beneficial effects of Joint Support as it
works with other ingredients in Joint Support to improve health and decrease morbidity, enhance
exercise performance, increase fat metabolism during exercise, decrease oxidative stress and
muscle injury, delay exhaustion, increasing improve body composition, enhance recovery, prevents
redox imbalances, improves immune function, and attenuates muscle damage, counterproductive

inflammation and fibrosis induced by rigorous physical training as well as
im mo b | | | Z ati on _437438439440441442443444445446447448449450451452453454455456

Some of the benefits of Astaxanthin deserve special attention. For example, astaxanthin has a
protective effect on mitochondria, the cellular powerhouses that produce the energy we need to live
and function optimally. Protecting the mitochondria is especially important during exercise since
destructive free radical production increases almost exponentially and can damage not only the
mitochondria, thus impairing energy systems, but also skeletal muscle impairing performance and
recovery and increasing the chance of injury.4’

But that’s not all because astaxanthin, through its effects on decreasing mitochondrial damage in
other parts of the body such as the testes, also increases testosterone production and thus increases
the anabolic effects of exercise, and has also been shown to have positive effects on sperm
parameters and fertility.4%®

Unlike some other antioxidants, astaxanthin not only has intrinsic antioxidant and anti-inflammatory
properties but it also increases the endogenous production of natural antioxidant defense
mechanisms such as SOD and heme oxygenase-1.4%° As well it works synergistically with other
ingredients in Joint Support. For example, in horses it's been shown that continuous dietary
administration of astaxanthin and L-carnitine (acetyl-L-carnitine is in Joint Support) attenuates
exercise-induced muscle damage.*°

So, with the use of astaxanthin, as with several other antioxidant ingredients and anti-inflammatory
ingredients in Joint Support, there is not only antioxidant and anti-inflammatory effects of the
ingredients, but also an increase in endogenous production of antioxidants and a boost to
endogenous anti-inflammatory pathways. The overall effect is a decrease in counterproductive
damage and inflammation secondary to strenuous exercise and competition and also quicker
recovery from mental and physical exercise induced stress.
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For all these reasons astaxanthin plays a prominent part in the beneficial effects that Joint Support
has on maintaining musculoskeletal health, decreasing injuries, improving recovery, and helping in
the healing of musculoskeletal dysfunction due to stress and injuries.

Bioperine

Joint Support contains piperine marketed as Bioperine, which significantly enhances the
bioavailability of supplemented nutrients through increased absorption and decreased metabolic
inactivation, 461462463464

The Advantages of Bioperine®

Bioperine® is the only product sourced out of piperine to obtain a patented status for its ability to
increase the bioavailability of nutritional compounds. Secondly, it is the only source from piperine to
have undergone clinical studies in the U.S. to substantiate its safety and efficacy for nutritional use.

The subtle, yet potent properties of Bioperine® have been measured in several clinical studies with
healthy volunteers in the U.S. These studies measured the absorption of various substances with and
without Bioperine®. Gastrointestinal absorption of all the studied nutrients, as measured by amounts
present in the blood, increased dramatically when administered with Bioperine® as compared to the
control group receiving the nutrient alone.

Bioperine also has several other beneficial properties, including thermogenic effects, reducing
cholesterol and protecting against neurodegeneration and cognitive impairment. As well, it has been
shown that it may have immunomodulatory, antioxidant, anti-asthmatic, anti-carcinogenic, anti-
inflammatory, anti-ulcer, and anti-amoebic properties,*065466467468469470471 Eqr cyrrent information on the

beneficial effects of Bioperine go to https://www.bioperine.com/index.php/aboutbioperine.

Other Ingredients

Lemon Myrtle Leaf is used by the Aborigines of Australia for arthritis because of its anti-inflammatory
properties.

Thyme-Leaved Gratiola is an herb is traditionally used in inflammation and rheumatism.

Withania Somnifera (ashwagandha) also known as Indian Ginseng, has significant anti-
inflammatory activity and is often used to reduce arthritic pain and inflammation.472473 It has been
shown to have beneficial effects on the immune system and decrease levels of pro-inflammatory
cytokines.#’447> As well, it's been shown to have beneficial effects on arthritis, and strength training
adaptations and recovery.476477478479

There are several other ingredients in Joint Support that I've still to mention as to how they add to its
beneficial effects. Every ingredient in Joint Support’s formulation has been carefully chosen for its
complimentary effects to the benefits of Joint Support. I'll add these to this information piece in the
upcoming months.

Summary


https://www.bioperine.com/index.php/aboutbioperine
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MD+ Joint Support will safely reduce stress on musculoskeletal tissues and speed up recovery
without the side effects associated with many of the drugs used in modern medicine. The many
natural ingredients in Joint Support may also reduce many such side effects when used along with
NSAIDs as well as act in concert with other treatments to prevent acute musculoskeletal damage and
potentially reverse chronic injuries and inflammation. As such, Joint Support not only gives
symptomatic relief, but also intervenes at the origin of the problem and helps rebuild tissue.

For recreational and competitive athletes where injuries and sore muscles reduce and may even
interrupt training time and participation in sports events, Joint Support will reduce healing time and
increase recovery and performance. As well, the use of Joint Support when training hard helps
prevent injuries and decrease the chances of overreaching turning into overtraining.

Joint Support plus EFA+

Joint Support works in tandem with other nutritional supplements in my lineup to provide additional
benefits. For example, EFA+ and MVM are both worthwhile to further increase the effects of Joint
Support . Both offer beneficial effects on health, body composition, and performance, and also as an
aid to help your body fight off the effects of pollution. For information on how pollution is actually
devolution of our species see my recently updated article, first written in 2016 — Pollution as
Devolution.

Both TestoBoost and GHboost also enhance the effects of Joint Support as well as having
significant anabolic, anti-catabolic, body composition and mental and physical performance.



https://metabolicdiet.com/product/efa/
https://metabolicdiet.com/product/efa/https:/metabolicdiet.com/product/mvm/
https://metabolicdiet.com/wp-content/uploads/2017/product_pdf/Pollution_Update.pdf
https://metabolicdiet.com/wp-content/uploads/2017/product_pdf/Pollution_Update.pdf
https://metabolicdiet.com/product/testoboost/
https://metabolicdiet.com/product/ghboost/

MD+ Joint Support Product Information 43

References

1 Kawashima |, Tsukahara T, Kawai R, Mizuno T, Ishizuka S, Hiraiwa H, Imagama S. The impact of
vitamin D supplementation on body fat mass in elite male collegiate athletes. Nutr Metab (Lond).
2021 May 21;18(1):51. doi: 10.1186/s12986-021-00578-9. PMID: 34020679; PMCID: PMC8138511.

2 Delinocente MLB, Luiz MM, de Oliveira DC, de Souza AF, Ramirez PC, de Oliveira Maximo R,
Soares NC, Steptoe A, de Oliveira C, da Silva Alexandre T. Are Serum 25-Hydroxyvitamin D
Deficiency and Insufficiency Risk Factors for the Incidence of Dynapenia? Calcif Tissue Int. 2022
Dec;111(6):571-579. doi: 10.1007/s00223-022-01021-8. Epub 2022 Sep 15. PMID: 36109388;
PMCID: PMC9613743.

3LiG,FanY,LaiY,HanT,LiZ Zhou P, Pan P, Wang W, Hu D, Liu X, Zhang Q, Wu J. Coronavirus
infections and immune responses. J Med Virol. 2020 Apr;92(4):424-432. doi: 10.1002/jmv.25685.

4 Dos Santos RN, Maeda SS, Jardim JR, Lazaretti-Castro M. Reasons to avoid vitamin D deficiency
during COVID-19 pandemic. Arch Endocrinol Metab. 2021 May 18;64(5):498-506. doi:
10.20945/2359-3997000000291. PMID: 34033288.

5 Sanchez-Zuno GA, Gonzalez-Estevez G, Matuz-Flores MG, Macedo-Ojeda G, Hernandez-Bello J,
Mora-Mora JC, Pérez-Guerrero EE, Garcia-Chagollan M, Vega-Magarfa N, Turrubiates-Hernandez
FJ, Machado-Sulbaran AC, Mufioz-Valle JF. Vitamin D Levels in COVID-19 Outpatients from
Western Mexico: Clinical Correlation and Effect of Its Supplementation. J Clin Med. 2021 May
28;10(11):2378. doi: 10.3390/jcm10112378. PMID: 34071293.

6 Peng MY, Liu WC, Zheng JQ, Lu CL, Hou YC, Zheng CM, Song JY, Lu KC, Chao YC.
Immunological Aspects of SARS-CoV-2 Infection and the Putative Beneficial Role of Vitamin-D. Int J
Mol Sci. 2021 May 16;22(10):5251. doi: 10.3390/ijms22105251. PMID: 34065735.

7 Bui L, Zhu Z, Hawkins S, Cortez-Resendiz A, Bellon A. Vitamin D regulation of the immune system
and its implications for COVID-19: A mini review. SAGE Open Med. 2021 May
18;9:20503121211014073. doi: 10.1177/20503121211014073. PMID: 34046177; PMCID:
PMC8135207.

8 Grant WB, Lahore H, Rockwell MS. The Benefits of Vitamin D Supplementation for Athletes: Better
Performance and Reduced Risk of COVID-19. Nutrients. 2020 Dec 4;12(12):3741. doi:
10.3390/nu12123741. PMID: 33291720; PMCID: PMC7761895.

9 Cesur F, Atasever Z, Ozoran Y. Impact of vitamin D3 supplementation on COVID-19 vaccine
response and immunoglobulin G antibodies in deficient women: A randomized controlled trial.
Vaccine. 2023 Mar 27:50264-410X(23)00341-9. doi: 10.1016/j.vaccine.2023.03.046. Epub ahead of
print. PMID: 37003908; PMCID: PMC10040353.

10 Kritis P, Karampela I, Kokoris S, Dalamaga M. The combination of bromelain and curcumin as an
immune-boosting nutraceutical in the prevention of severe COVID-19. Metabol Open. 2020
Dec;8:100066. doi: 10.1016/j.metop.2020.100066. Epub 2020 Nov 13. PMID: 33205039. For full text
in PDF format go to https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7661945/pdf/main.pdf.

11 Sagar S, Rathinavel AK, Lutz WE, Struble LR, Khurana S, Schnaubelt AT, Mishra NK, Guda C,
Broadhurst MJ, Reid SPM, Bayles KW, Borgstahl GEO, Radhakrishnan P. Bromelain Inhibits SARS-
CoV-2 Infection in VeroE6 Cells. bioRxiv [Preprint]. 2020 Sep 16:2020.09.16.297366. doi:
10.1101/2020.09.16.297366. PMID: 32995771; PMCID: PMC7523097. For full text in PDF format go
to https://www.ncbi.nim.nih.gov/pmc/articles/PMC7523097/pdf/nihpp-2020.09.16.297366.pdf.

12 Owoyele BV, Bakare AO, Ologe MO. Bromelain: A Review on its Potential as a Therapy for the
Management of Covid-19. Niger J Physiol Sci. 2020 Jun 30;35(1):10-19. PMID: 33084621.

13 Gualtieri P, Trombetta D, Smeriglio A, Frank G, Alibrandi A, Leggeri G, Marchetti M, Zingale |,
Fanelli S, Stocchi A, Di Renzo L. Effectiveness of Nutritional Supplements for Attenuating the Side
Effects of SARS-CoV-2 Vaccines. Nutrients. 2023 Apr 7;15(8):1807. doi: 10.3390/nu15081807.
PMID: 37111026; PMCID: PMC10141698.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7661945/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7523097/pdf/nihpp-2020.09.16.297366.pdf

MD+ Joint Support Product Information 44

14 Verbruggen G. Chondroprotective drugs in degenerative joint diseases Rheumatology 2006
45(2):129-138.

15 McQuillan DL, Handley CJ, Campbell MA, Bolis S, Milway VE, Herington AC. Stimulation of
proteoglycan synthesis by serum and insulin-like growth factor-1 in cultured bovine articular
cartilage. Biochem J 1986;240:423-30.

16 Verschure PJ, van Marle J, Joosten LA, van den Berg WB. Chondrocyte IGF-1 receptor
expression and responsiveness to IGF-1 stimulation in mouse articular cartilage during various
phases of experimentally induced arthritis. Ann Rheum Dis 1995;54:645-53.

17 Shi S, Chan AG, Mercer S, Eckert GJ, Trippel SB. Endogenous versus exogenous growth factor
regulation of articular chondrocytes. J Orthop Res. 2014 Jan;32(1):54-60.

18 Luyten FP, Denti M, Filardo G, Kon E, Engebretsen L. Definition and classification of early
osteoarthritis of the knee. Knee Surg Sports Traumatol Arthrosc 2012;20:401-6.

19 Arendt EA, Miller LE, Block JE. Early knee osteoarthritis management should first address
mechanical joint overload. Orthop Rev (Pavia). 2014 Mar 18;6(1):5188. doi: 10.4081/0r.2014.5188.
PMID: 24744839; PMCID: PMC3980155.

20 Kim Y, Moon CH, Kim BY, Jang SY. Oral Hyaluronic Acid Supplementation for the Treatment of
Dry Eye Disease: A Pilot Study. J Ophthalmol. 2019 Sep 25;2019:5491626. doi:
10.1155/2019/5491626. PMID: 31662894; PMCID: PMC6778932.

21 Schwartz SR, Hammon KA, Gafner A, Dahl A, Guttman N, Fong M, Schauss AG. Novel
Hydrolyzed Chicken Sternal Cartilage Extract Improves Facial Epidermis and Connective Tissue in
Healthy Adult Females: A Randomized, Double-Blind, Placebo-Controlled Trial. Altern Ther Health
Med. 2019 Sep;25(5):12-29.

22 Schwartz SR, Park J. Ingestion of BioCell Collagen, a novel hydrolyzed chicken sternal cartilage
extract; enhanced blood microcirculation and reduced facial aging signs. Clin Interv Aging.
2012;7:267-73.

23 Phan TT, See P, Lee ST, Chan SY. Protective effects of curcumin against oxidative damage on
skin cells in vitro: its implication for wound healing. J Trauma. 2001 Nov;51(5):927-31.

24 Ding C. Do NSAIDs affect the progression of osteoarthritis? Inflammation. 2002 Jun;26(3):139-42.
Review.

25 Azab A, Nassar A, Azab AN. Anti-Inflammatory Activity of Natural Products. Molecules. 2016 Oct
1;21(10). pii: E1321.

26 Zdzieblik D, Oesser S, Baumstark MW, Gollhofer A, Kénig D. Collagen peptide supplementation in
combination with resistance training improves body composition and increases muscle strength in
elderly sarcopenic men: a randomised controlled trial. Br J Nutr. 2015 Oct 28;114(8):1237-45. doi:
10.1017/S0007114515002810. Epub 2015 Sep 10. PMID: 26353786; PMCID: PMC4594048.

27 Phillips SM, Tipton KD, van Loon LJ, Verdijk LB, Paddon-Jones D, Close GL. Exceptional body
composition changes attributed to collagen peptide supplementation and resistance training in older
sarcopenic men. Br J Nutr. 2016 Aug;116(3):569-70. doi: 10.1017/S000711451600221X. Epub 2016
Jun 6. PMID: 27267663.

28 Kirmse M, Oertzen-Hagemann V, de Marées M, Bloch W, Platen P. Prolonged Collagen Peptide
Supplementation and Resistance Exercise Training Affects Body Composition in Recreationally
Active Men. Nutrients. 2019 May 23;11(5):1154. doi: 10.3390/nu11051154. PMID: 31126103;
PMCID: PMC6566878.

29 Oertzen-Hagemann V, Kirmse M, Eggers B, Pfeiffer K, Marcus K, de Marées M, Platen P. Effects
of 12 Weeks of Hypertrophy Resistance Exercise Training Combined with Collagen Peptide
Supplementation on the Skeletal Muscle Proteome in Recreationally Active Men. Nutrients. 2019
May 14;11(5):1072. doi: 10.3390/nu11051072. PMID: 31091754; PMCID: PMC6566884.

30 Balshaw TG, Funnell MP, McDermott E, Maden-Wilkinson TM, Abela S, Quteishat B, Edsey M,
James LJ, Folland JP. The effect of specific bioactive collagen peptides on function and muscle



MD+ Joint Support Product Information 45

remodeling during human resistance training. Acta Physiol (Oxf). 2023 Feb;237(2):e13903. doi:
10.1111/apha.13903.

31 Larder CE, Iskandar MM, Kubow S. Collagen Hydrolysates: A Source of Bioactive Peptides
Derived from Food Sources for the Treatment of Osteoarthritis. Medicines (Basel). 2023 Sep
1;10(9):50. doi: 10.3390/medicines10090050. PMID: 37755240; PMCID: PMC10538231.

32 Lin CR, Tsai SHL, Huang KY, Tsai PA, Chou H, Chang SH. Analgesic efficacy of collagen peptide
in knee osteoarthritis: a meta-analysis of randomized controlled trials. J Orthop Surg Res. 2023 Sep
16;18(1):694. doi: 10.1186/s13018-023-04182-w. PMID: 37717022; PMCID: PMC10505327.

33 Cho SY, Sim JS, Jeong CS, Chang SY, Choi DW, Toida T, Kim YS. Effects of Low Molecular
Weight Chondroitin Sulfate on Type Il Collagen-Induced Arthritis in DBA/1J Mice. Biol Pharm Bull.
2004 Jan;27(1):47-51.

34 Schwartz SR, Park J. Ingestion of BioCell Collagen(®), a novel hydrolyzed chicken sternal
cartilage extract; enhanced blood microcirculation and reduced facial aging signs. Clin Interv Aging.
2012;7:267-73.

35 Schwartz SR, Hammon KA, Gafner A, Dahl A, Guttman N, Fong M, Schauss AG. Novel
Hydrolyzed Chicken Sternal Cartilage Extract Improves Facial Epidermis and Connective Tissue in
Healthy Adult Females: A Randomized, Double-Blind, Placebo-Controlled Trial. Altern Ther Health
Med. 2019 Sep;25(5):12-29. PMID: 31221944,

36 Kim J, Lee SG, Lee J, Choi S, Suk J, Lee JH, Yang JH, Yang JS, Kim J. Oral Supplementation of
Low-Molecular-Weight Collagen Peptides Reduces Skin Wrinkles and Improves Biophysical
Properties of Skin: A Randomized, Double-Blinded, Placebo-Controlled Study. J Med Food. 2022
Dec;25(12):1146-1154. doi: 10.1089/jmf.2022.K.0097. PMID: 36516059.

37 Schauss AG, Stenehjem J, Park J, Endres JR, Clewell A. Effect of the novel low molecular weight
hydrolyzed chicken sternal cartilage extract, BioCell Collagen, on improving osteoarthritis-related
symptoms: a randomized, double-blind, placebo-controlled trial. J Agric Food Chem. 2012 Apr
25;60(16):4096-101.

38 Lopez HL, Ziegenfuss TN, Park J. Evaluation of the Effects of BioCell Collagen, a Novel Cartilage
Extract, on Connective Tissue Support and Functional Recovery From Exercise. Integr Med
(Encinitas). 2015 Jun;14(3):30-8.

39 Lugo JP, Saiyed ZM, Lane NE. Efficacy and tolerability of an undenatured type Il collagen
supplement in modulating knee osteoarthritis symptoms: a multicenter randomized, double-blind,
placebo-controlled study. Nutr J. 2016 Jan 29;15:14.

40 Kumar S, Sugihara F, Suzuki K, Inoue N, Venkateswarathirukumara S. A double-blind, placebo-
controlled, randomised, clinical study on the effectiveness of collagen peptide on osteoarthritis. J Sci
Food Agric. 2015 Mar 15;95(4):702-7.

41 Lin CR, Tsai SHL, Huang KY, Tsai PA, Chou H, Chang SH. Analgesic efficacy of collagen peptide
in knee osteoarthritis: a meta-analysis of randomized controlled trials. J Orthop Surg Res. 2023 Sep
16;18(1):694. doi: 10.1186/s13018-023-04182-w. PMID: 37717022; PMCID: PMC10505327.

42 Puigdellivol J, Comellas Berenger C, Pérez Fernandez MA, Cowalinsky Millan JM, Carreras Vidal
C, Gil Gil I, Martinez Pagan J, Ruiz Nieto B, Jiménez Gomez F, Comas Figuerola FX, Aguilar
Hernandez ME. Effectiveness of a Dietary Supplement Containing Hydrolyzed Collagen,
Chondroitin Sulfate, and Glucosamine in Pain Reduction and Functional Capacity in Osteoarthritis
Patients. J Diet Suppl. 2018 Apr 27:1-11.

43 Messina OD, Vidal Wilman M, Vidal Neira LF. Nutrition, osteoarthritis and cartilage metabolism.
Aging Clin Exp Res. 2019 Apr 13. doi: 10.1007/s40520-019-01191-w. [Epub ahead of print] Review.

44 Clark KL, Sebastianelli W, Flechsenhar KR, Aukermann DF, Meza F, Millard RL, Deitch JR,
Sherbondy PS, Albert A. 24-Week study on the use of collagen hydrolysate as a dietary supplement
in athletes with activity-related joint pain. Curr Med Res Opin. 2008 May;24(5):1485-96.



MD+ Joint Support Product Information 46

45 Bagi CM, Berryman ER, Teo S, Lane NE. Oral administration of undenatured native chicken type
Il collagen (UC-II) diminished deterioration of articular cartilage in a rat model of osteoarthritis (OA).
Osteoarthritis Cartilage. 2017 Dec;25(12):2080-2090.

46 Fari G, Santagati D, Pignatelli G, Scacco V, Renna D, Cascarano G, Vendola F, Bianchi FP, Fiore
P, Ranieri M, Megna M. Collagen Peptides, in Association with Vitamin C, Sodium Hyaluronate,
Manganese and Copper, as Part of the Rehabilitation Project in the Treatment of Chronic Low Back
Pain. Endocr Metab Immune Disord Drug Targets. 2021 Feb 10. doi:
10.2174/1871530321666210210153619. Epub ahead of print. PMID: 33568038.

47 Bucci, L. Pain Free: The Definitive Guide to Healing Arthritis, Low Back Pain, and Sports Injuries
through Nutrition and Supplements : 49-77. Fort Worth, Texas: The Summit Group, 1995.

48 Vaz AL. Double-blind clinical evaluation of the relative efficacy of ibuprofen and glucosamine
sulfate in the management of osteoarthrosis of the knee in out-patients. Curr Med Res Opin 1981,
7:104-14.

49 Uebelhart D, Thonar EJ, Delmas PD, Chantraine A, Vignon E. Effects of oral chondroitin sulfate on
the progression of knee osteoarthritis: a pilot study. Osteoarthritis Cartilage 1998 May;6 Suppl A:39-
46.

50 Zerkak D, Dougados M. The use of glucosamine therapy in osteoarthritis. Curr Rheumatol Rep.
2004 Feb;6(1):41-5.

51 Kanzaki N, Otsuka Y, Izumo T, Shibata H, Nagao H, Ogawara K, Yamada H, Miyazaki S,
Nakamura Y. Glucosamine-containing supplement improves locomotor functions in subjects with
knee pain - a pilot study of gait analysis. Clin Interv Aging. 2016 Jun 20;11:835-41.

52 Brooks PM, Potter SR, et al. NSAID and osteoarthritis--help or hindrance? J Rheumatol 1982;
9:3-5.

53 Bruyére O, Altman RD, Reginster JY. Efficacy and safety of glucosamine sulfate in the
management of osteoarthritis: Evidence from real-life setting trials and surveys. Semin Arthritis
Rheum. 2016 Feb;45(4 Suppl):S12-7.

54 Matheson AJ, Perry CM. Glucosamine: a review of its use in the management of osteoarthritis.
Drugs Aging. 2003;20(14):1041-60.

55 Fenton JI, Chlebek-Brown KA, Caron JP, Orth MW. Effect of glucosamine on interleukin-1-
conditioned articular cartilage. Equine Vet J Suppl 2002 Sep;(34):219-23.

56 Braham R, Dawson B, Goodman C. The effect of glucosamine supplementation on people
experiencing regular knee pain. Br J Sports Med. 2003 Feb;37(1):45-9; discussion 49.

57 Bohmer D, Ambrus P, et al. Treatment of chondropathia patellae in young athletes with
glucosamine sulfate. in Bachl, N., Prokop, L., and Suckert, R., eds. Current Topics in Sports
Medicine : 799-900.Vienna, Austria: Urban and Schwarzenberg, 1984.

58 Miller DC, Richardson J. Does glucosamine relieve arthritis joint pain, J Fam Pract 52 (2003), pp.
645-647.

59 Tio L, Orellana C, Pérez-Garcia S, Piqueras L, Escudero P, Juarranz Y, Garcia-Giralt N,
Montafiés F, Farran A, Benito P, Gomariz RP, Sanz MJ, Monfort J. Effect of chondroitin sulphate on
synovitis of knee osteoarthritic patients. Med Clin (Barc). 2017 Feb 25.

60 Bruyere O, Honore A. Correlation between radiographic severity of knee osteoarthritis and future
disease progression. Results from a 3 year prospective, placebo-controlled study evaluating the
effect of glucosamine sulfate, Osteoarthr Cartilage 1 (2003), pp. 1-5.

61 Vad V, Hong HM, Zazzali M, Agi N, Basrai D. Exercise recommendations in athletes with early
osteoarthritis of the knee. Sports Med. 2002;32(11):729-39.

62 Raynauld JP. Osteoarthritis treatment: Is it finally time to consider glucosamine seriously? Int J
Rheum Dis. 2019 Mar;22(3):338-339.

63.Runhaar J, Deroisy R, van Middelkoop M, et al. The role of diet and exercise and of glucosamine
sulfate in the prevention of knee osteoarthritis: Further results from the PRevention of knee
Osteoarthritis in Overweight Females. Semin Arthritis Rheum. 2016;45(4 Suppl):S42-S48.



MD+ Joint Support Product Information 47

64 Stabler TV, Huang Z, Montell E, Vergés J, Kraus VB. Chondroitin sulphate inhibits NF-B activity
induced by interaction of pathogenic and damage associated molecules. Osteoarthritis Cartilage.
2017 Jan;25(1):166-174.

65 Pelletier JP, Raynauld JP, Beaulieu AD, Bessette L, Morin F, de Brum-Fernandes AJ, Delorme P,
Dorais M, Paiement P, Abram F, Martel-Pelletier J. Chondroitin sulfate efficacy versus celecoxib on
knee osteoarthritis structural changes using magnetic resonance imaging: a 2-year multicentre
exploratory study. Arthritis Res Ther. 2016 Nov 3;18(1):256.

66 Uebelhart D, Thonar EJ, Delmas PD, Chantraine A, Vignon E. Effects of oral chondroitin sulfate on
the progression of knee osteoarthritis: a pilot study. Osteoarthritis Cartilage. 1998;6 Suppl A:39-46.
67 Bali JP, Cousse H, Neuzil E. Biochemical basis of the pharmacologic action of chondroitin sulfates

on the osteoarticular system. Semin Arthritis Rheum 2001 Aug;31(1):58-68.

68 Melgar-Lesmes P, Garcia-Polite F, Del-Rey-Puech P, Rosas E, Dreyfuss JL, Montell E, Vergés J,
Edelman ER, Balcells M. Treatment with chondroitin sulfate to modulate inflammation and
atherogenesis in obesity. Atherosclerosis. 2016 Feb;245:82-7.

69 Volpi N. Oral bioavailability of chondroitin sulfate (Condrosulf ®) and its constituents in healthy
male volunteers. Osteoarthritis and Cartilage 2002; 10:768—-777.

70 Adebowalea A, Dub J, Liangc Z, Leslieb JL, Eddingtonb ND. The Bioavailability and
Pharmacokinetics of Glucosamine Hydrochloride and Low Molecular Weight Chondroitin Sulfate
After Single and Multiple Doses to Beagle Dogs. Biopharm Drug Dispos 2002; 23: 217-225.

71 Knapik JJ, Pope R, Hoedebecke SS, Schram B, Orr R. Effects of Oral Chondroitin Sulfate on
Osteoarthritis-Related Pain and Joint Structural Changes: Systematic Review and Meta-Analysis. J
Spec Oper Med. Spring 2019;19(1):113-124.

72 Honvo G, Bruyere O, Reginster JY. Update on the role of pharmaceutical-grade chondroitin sulfate
in the symptomatic management of knee osteoarthritis. Aging Clin Exp Res. 2019;31(8):1163-1167.

73 Reginster JY. Differentiation between various Chondroitin sulfate formulations in symptomatic
knee osteoarthritis. Ann Rheum Dis. 2018;77(8):e55. doi:10.1136/annrheumdis-2017-212460.

74 Raynauld JP, Pelletier JP, Abram F, Dodin P, Delorme P, Martel-Pelletier J. Long-Term Effects of
Glucosamine and Chondroitin Sulfate on the Progression of Structural Changes in Knee
Osteoarthritis: Six-Year Followup Data From the Osteoarthritis Initiative. Arthritis Care Res
(Hoboken). 2016 Oct;68(10):1560-6.

75 Messina OD, Vidal Wilman M, Vidal Neira LF. Nutrition, osteoarthritis and cartilage metabolism.
Aging Clin Exp Res. 2019 Apr 13. doi: 10.1007/s40520-019-01191-w. [Epub ahead of print] Review.

76 Lomonte ABV, Mendonca JA, de Castro Brandao G, Castro ML. Multicenter, randomized, double-
blind clinical trial to evaluate efficacy and safety of combined glucosamine sulfate and chondroitin
sulfate capsules for treating knee osteoarthritis. Adv Rheumatol. 2018 Dec 5;58(1):41.

77 Fransen M, Agaliotis M, Nairn L, Votrubec M, Bridgett L, Su S, Jan S, March L, Edmonds J,
Norton R, Woodward M, Day R; LEGS study collaborative group. Glucosamine and chondroitin for
knee osteoarthritis: a double-blind randomised placebo-controlled clinical trial evaluating single and
combination regimens. Ann Rheum Dis. 2015 May;74(5):851-8.

78 Clegg DO, Reda DJ, Harris CL, et al. Glucosamine, chondroitin sulfate, and the two in combination
for painful knee osteoarthritis. N Engl J Med 2006;354:795-808.

79 Fransen M, Agaliotis M, Nairn L, Votrubec M, Bridgett L, Su S, Jan S, March L, Edmonds J,
Norton R, Woodward M, Day R; LEGS study collaborative group.. Glucosamine and chondroitin for
knee osteoarthritis: a double-blind randomised placebo-controlled clinical trial evaluating single and
combination regimens. Ann Rheum Dis. 2015 May;74(5):851-8.

80 Hochberg, M.C., Martel-Pelletier, J., Monfort, J., Moller, I., Castillo, J.R., Arden, N. et al. Combined
chondroitin sulfate and glucosamine for painful knee osteoarthritis: a multicentre, randomised,
double-blind, non-inferiority trial versus celecoxib. Ann Rheum Dis. 2016; 75: 37-44



MD+ Joint Support Product Information 48

81 Homandberg, G.A., Guo, D., Ray, L.M., and Ding, L. Mixtures of glucosamine and chondroitin
sulfate reverse fibronectin fragment mediated damage to cartilage more effectively than either agent
alone.Osteoarthritis Cartilage. 2006; 14: 793-806

82 Chou MM, Vergnolle N, McDougall JJ, Wallace JL, Marty S, Teskey V, Buret AG. Effects of
chondroitin and glucosamine sulfate in a dietary bar formulation on inflammation, interleukin-1beta,
matrix metalloprotease-9, and cartilage damage in arthritis. Exp Biol Med (Maywood). 2005
Apr;230(4):255-62.

83 Lippiello L. Glucosamine and chondroitin sulfate: biological response modifiers of chondrocytes
under simulated conditions of joint stress. Osteoarthritis Cartilage. 2003 May;11(5):335-42.

84 Hochberg MC, Martel-Pelletier J, Monfort J, et al.; on behalf of the MOVES Investigation Group.
Combined chondroitin sulfate and glucosamine for painful knee osteoarthritis: a multicentre,
randomised, double-blind, noninferiority trial versus celecoxib. Ann Rheum Dis. 2016;75:37-44.

85 Shaughnessy AF. Chondroitin/Glucosamine Equal to Celecoxib for Knee Osteoarthritis. Am Fam
Physician. 2016 Jun 15;93(12):1032.

86 Sterzi S, Giordani L, Morrone M, Lena E, Magrone G, Scarpini C, Milighetti S, Pellicciari L, Bravi
M, Panni |, Ljoka C, Bressi F, Foti C. The efficacy and safety of a combination of glucosamine
hydrochloride, chondroitin sulfate and bio-curcumin with exercise in the treatment of knee
osteoarthritis: a randomized, double-blind, placebo-controlled study. Eur J Phys Rehabil Med. 2016
Jun;52(3):321-30.

87 Chan PS, Caron JP, Rosa GJ, Orth MW. Glucosamine and chondroitin sulfate regulate gene
expression and synthesis of nitric oxide and prostaglandin E(2) in articular cartilage explants.
Osteoarthritis Cartilage. 2005 May;13(5):387-94.

88 Richy F, Bruyere O, Ethgen O, Cucherat M, Henrotin Y, Reginster JY. Structural and symptomatic
efficacy of glucosamine and chondroitin in knee osteoarthritis: a comprehensive meta-analysis. Arch
Intern Med. 2003 Jul 14;163(13):1514-22.

89 Hua J, Suguro S, Hirano S, Sakamoto K, Nagaoka I. Preventive actions of a high dose of
glucosamine on adjuvant arthritis in rats. Inflamm Res. 2005 Mar;54(3):127-32.

90 Richy F, Bruyere O, Ethgen O, Cucherat M, Henrotin Y, Reginster JY. Structural and symptomatic
efficacy of glucosamine and chondroitin in knee osteoarthritis: a comprehensive meta-analysis. Arch
Intern Med. 2003 Jul 14;163(13):1514-22.

91 Lawrence RM. Methylsulfonylmethane (MSM): a doubleblind study of its use in degenerative
arthritis. International Journal of Anti-Aging Medicine 1998; 1:50-57.

92 Murav'ev luV, Venikova MS, Pleskovskaia GN, et al. [Effect of dimethyl sulfoxide and dimethyl
sulfone on a destructive process in the joints of mice with spontaneous arthritis] Patol Fiziol EkspTer
1991; (2):37-9.

93 Parcell S. Sulfur in human nutrition and applications in medicine. Altern Med Rev 2002
Feb;7(1):22-44.

94 Bast A, Haenen GR. Lipoic acid: a multifunctional antioxidant. Biofactors. 2003;17(1-4):207-13.

95 Packer L, Witt EH, Tritschler HJ. Alpha-lipoic acid as a biological antioxidant. Free Radic Biol
Med. 1995; 19:227-250.

96 Jones W, Li X, Qu ZC, et al. Uptake, recycling, and antioxidant actions of alpha-lipoic acid in
endothelial cells. Free Radic Biol Med 2002;33:83-93.

97 Packer L, Tritschler HJ, Wessel K. Neuroprotection by the metabolic antioxidant alpha-lipoic acid.
Free Radic Biol Med 1997; 22(1-2):359-78.

98 Podda M, Tritschler HJ, Ulrich H, et al. Alpha—lipoic acid supplementation prevents symptoms of
vitamin E deficiency. Biochem Biophys Res Commun. 1994;204:98-104.

99 Smith AR, Shenvi SV, Widlansky M, Suh JH, Hagen TM. Lipoic acid as a potential therapy for
chronic diseases associated with oxidative stress. Curr Med Chem. 2004 May;11(9):1135-46.

100 Koufaki, M. 2014. Therapeutic applications of lipoic acid: a patent review (2011-2014). Expert
Opin. Ther. Pat. 24(9): 993-1005.



MD+ Joint Support Product Information 49

101 Goraca A, Huk-Kolega H, Piechota A, Kleniewska P, Ciejka E, Skibska B. Lipoic acid - biological
activity and therapeutic potential. Pharmacol Rep. 2011;63(4):849-58.

102 Rochette L, Ghibu S, Richard C, Zeller M, Cottin Y, Vergely C. Direct and indirect antioxidant
properties of a-lipoic acid and therapeutic potential. Mol Nutr Food Res. 2013 Jan;57(1):114-25.

103 Rochette L, Ghibu S, Muresan A, Vergely C. Alpha-lipoic acid: molecular mechanisms and
therapeutic potential in diabetes. Can J Physiol Pharmacol. 2015 Dec;93(12):1021-7.

104 Packer L. Alpha lipoic acid: a metabolic antioxidant which regulates NF- kappaB signal
transduction and protects against oxidative injury. Drug Metab Rev 1998; 30:245-75.

105 Lee HA, Hughes DA. Alpha-lipoic acid modulates NF-kappaB activity in human monocytic cells
by direct interaction with DNA. Exp Gerontol. 2002; 37(2-3):401-10.

106 Costantino D, Guaraldi C, Costantino M, Bounous VE. [Use of alpha-lipoic acid and omega-3 in
postpartum pain treatment]. Minerva Ginecol. 2015 Oct;67(5):465-73.

107 Hiller S, DeKroon R, Hamlett ED, Xu L, Osorio C, Robinette J, Winnik W, Simington S, Maeda N,
Alzate O, Yi X. Alpha-lipoic acid supplementation protects enzymes from damage by nitrosative and
oxidative stress. Biochim Biophys Acta. 2016 Jan;1860(1 Pt A):36-45.

108 Haghighatdoost F, Hariri M. The effect of alpha-lipoic acid on inflammatory mediators: a
systematic review and meta-analysis on randomized clinical trials. Eur J Pharmacol. 2019 Apr
15;849:115-123.

109 Tromba L, Perla FM, Carbotta G, Chiesa C, Pacifico L. Effect of Alpha-Lipoic Acid
Supplementation on Endothelial Function and Cardiovascular Risk Factors in Overweight/Obese
Youths: A Double-Blind, Placebo-Controlled Randomized Trial. Nutrients. 2019 Feb 12;11(2). pii:
E375.

110 Matsugo S, Bito T, Konishi T. Photochemical stability of lipoic acid and its impact on skin ageing.
Free Radic Res. 2011 Aug;45(8):918-24.

111 Faust A, Burkart V, Ulrich H, Weischer CH, Kolb H. Effect of lipoic acid on cyclophosphamide-
induced diabetes and insulitis in non-obese diabetic mice. Int J Immunopharmacol. 1994; 16(1):61-
6.

112 Burkart V, Koike T, Brenner HH, Imai Y, Kolb H. Dihydrolipoic acid protects pancreatic islet cells
from inflammatory attack. Agents Actions. 1993; 38(1-2):60-5.

113 Lateef H, Aslam MN, Stevens MJ, Varani J. Pretreatment of diabetic rats with lipoic acid
improves healing of subsequently-induced abrasion wounds. Arch Dermatol Res. 2005 Jun 29
(Epub).

114 Thirunavukkarasu V, Nandhini AT, Anuradha CV. Fructose diet-induced skin collagen
abnormalities are prevented by lipoic acid. Exp Diabesity Res. 2004 Oct-Dec;5(4):237-44.

115 Wang Y, Li X, Guo Y, Chan L, Guan X. alpha-Lipoic acid increases energy expenditure by
enhancing adenosine monophosphate-activated protein kinase-peroxisome proliferator-activated
receptor-gamma coactivator-lalpha signaling in the skeletal muscle of aged mice. Metabolism. 2010
Jul;59(7):967-76.

116 Anuradha B, Varalakshmi P. Protective role of DL-alpha-lipoic acid against mercury-induced
neural lipid peroxidation. Pharmacol Res. 1999 Jan;39(1):67-80.

117 Patrick L. Mercury toxicity and antioxidants: Part 1: role of glutathione and alpha-lipoic acid in the
treatment of mercury toxicity. Altern Med Rev. 2002 Dec;7(6):456-71.

118 Kim MS, Park JY, Namkoong C, et al. Anti-obesity effects of alpha-lipoic acid mediated by
suppression of hypothalamic AMP-activated protein kinase. Nat Med. 2004;10(7):727-33.

119 Huerta AE, Prieto-Hontoria PL, Fernandez-Galilea M, Escoté X, Martinez JA, Moreno-Aliaga MJ.
Effects of dietary supplementation with EPA and/or a-lipoic acid on adipose tissue transcriptomic
profile of healthy overweight/obese women following a hypocaloric diet. Biofactors. 2017 Jan
2;43(1):117-131.

120 Namazi N, Larijani B, Azadbakht L. Alpha-lipoic acid supplement in obesity treatment: A
systematic review and meta-analysis of clinical trials. Clin Nutr. 2018 Apr;37(2):419-428.



MD+ Joint Support Product Information 50

121 Kucukgoncu S, Zhou E, Lucas KB, Tek C. Alpha-lipoic acid (ALA) as a supplementation for
weight loss: results from a meta-analysis of randomized controlled trials. Obes Rev. 2017
May;18(5):594-601.

122 Namazi N, Larijani B, Azadbakht L. Alpha-lipoic acid supplement in obesity treatment: A
systematic review and meta-analysis of clinical trials. Clin Nutr. 2017 Jun 8. pii: S0261-
5614(17)30212-1.

123 Li N, Yan W, Hu X, Huang Y, Wang F, Zhang W, Wang Q, Wang X, Sun K. Effects of oral a-lipoic
acid administration on body weight in overweight or obese subjects: a crossover randomized,
double-blind, placebo-controlled trial. Clin Endocrinol (Oxf). 2017 May;86(5):680-687.

124 Panzhinskiy E, Bashir R, Bagchi D, Nair S. Effect of Curcumin and a-Lipoic Acid in Attenuating
Weight Gain and Adiposity. J Am Coll Nutr. 2019 Jan 8:1-6.

125 Timbrell JA, Seabra V, Waterfield CJ. The in vivo and in vitro protective properties of taurine.
Gen Pharmacol. 1995 May;26(3):453-62.

126 Thirupathi A, Freitas S, Sorato HR, Pedroso GS, Effting PS, Damiani AP, Andrade VM, Nesi RT,
Gupta RC, Muller AP, Pinho RA. Modulatory effects of taurine on metabolic and oxidative stress
parameters in a mice model of muscle overuse. Nutrition. 2018 Oct;54:158-164.

127 Scicchitano BM, Sica G. The Beneficial Effects of Taurine to Counteract Sarcopenia. Curr Protein
Pept Sci. 2018;19(7):673-680.

128 Bouckenooghe T, Remacle C, Reusens B. Is taurine a functional nutrient? Curr Opin Clin Nutr
Metab Care. 2006 Nov;9(6):728-33. doi: 10.1097/01.mc0.0000247469.26414.55. PMID: 17053427.

129 Ripps H, Shen W. Review: taurine: a "very essential" amino acid. RMol Vis. 2012;18:2673-86.

130 Murakami S1. Role of taurine in the pathogenesis of obesity. Mol Nutr Food Res. 2015
Jul;59(7):1353-63. doi: 10.1002/mnfr.201500067.

131 Plotnikoff GA. Nutritional assessment in vegetarians and vegans: questions clinicians should ask.
Minn Med. 2012 Dec;95(12):36-8.

132 Seidel U, Huebbe P, Rimbach G. Taurine: A Regulator of Cellular Redox Homeostasis and
Skeletal Muscle Function. Mol Nutr Food Res. 2018 Sep 13:€1800569.

133 Chupel MU, Minuzzi LG, Furtado G, Santos ML, Hogervorst E, Filaire E, Teixeira AM. Exercise
and taurine in inflammation, cognition, and peripheral markers of blood-brain barrier integrity in older
women. Appl Physiol Nutr Metab. 2018 Jul;43(7):733-741.

134 Rutherford JA, Spriet LL, Stellingwerff T. The effect of acute taurine ingestion on endurance
performance and metabolism in well-trained cyclists. Int J Sport Nutr Exerc Metab. 2010
Aug;20(4):322-9.

135 Balshaw TG, Bampouras TM, Barry TJ, Sparks SA. The effect of acute taurine ingestion on 3-km
running performance in trained middle-distance runners. Amino Acids. 2013 Feb;44(2):555-61.

136 Ahmadian M, Roshan VD, Aslani E, Stannard SR. Taurine supplementation has anti-atherogenic
and anti-inflammatory effects before and after incremental exercise in heart failure. Ther Adv
Cardiovasc Dis. 2017 Jul;11(7):185-194.

137 De Carvalho FG, Galan BSM, Santos PC, Pritchett K, Pfrimer K, Ferriolli E, Papoti M, Marchini
JS, de Freitas EC. Taurine: A Potential Ergogenic Aid for Preventing Muscle Damage and Protein
Catabolism and Decreasing Oxidative Stress Produced by Endurance Exercise. Front Physiol. 2017
Sep 20;8:710. doi: 10.3389/fphys.2017.00710. eCollection 2017.

138 Thirupathi A, Freitas S, Sorato HR, Pedroso GS, Effting PS, Damiani AP, Andrade VM, Nesi RT,
Gupta RC, Muller AP, Pinho RA. Modulatory effects of taurine on metabolic and oxidative stress
parameters in a mice model of muscle overuse. Nutrition. 2018 Oct;54:158-164.

139 McLeay Y, Stannard S, Barnes M. The Effect of Taurine on the Recovery from Eccentric
Exercise-Induced Muscle Damage in Males. Antioxidants (Basel). 2017 Oct 17;6(4). pii: E79.

140 Marcinkiewicz J, Kontny E. Taurine and inflammatory diseases. Amino Acids. 2014 Jan;46(1):7-
20.



MD+ Joint Support Product Information 51

141 Ra SG, Miyazaki T, Ishikura K, Nagayama H, Suzuki T, Maeda S, Ito M, Matsuzaki Y, Ohmori H.
Additional effects of taurine on the benefits of BCAA intake for the delayed-onset muscle soreness
and muscle damage induced by high-intensity eccentric exercise. Adv Exp Med Biol. 2013;776:179-
87.

142 Kato T, Okita S, Wang S, Tsunekawa M, Ma N. The effects of taurine administration against
inflammation in heavily exercised skeletal muscle of rats. Adv Exp Med Biol. 2015;803:773-84.

143 De Carvalho FG, Barbieri RA, Carvalho MB, Dato CC, Campos EZ, Gobbi RB, Papoti M, Silva
ASR, de Freitas EC. Taurine supplementation can increase lipolysis and affect the contribution of
energy systems during front crawl maximal effort. Amino Acids. 2018 Jan;50(1):189-198.

144 Bian Y, Zhang M, Wang K. Taurine protects against knee osteoarthritis development in
experimental rat models. Knee. 2018 Jun;25(3):374-380.

145 Ra SG, Akazawa N, Choi Y, Matsubara T, Oikawa S, Kumagai H, Tanahashi K, Ohmori H,
Maeda S. Taurine supplementation reduces eccentric exercise-induced delayed onset muscle
soreness in young men. Adv Exp Med Biol. 2015;803:765-72.

146 Manabe S, Kurroda |, Okada K, Morishima M, Okamoto M, Harada N, Takahashi A, Sakai K,
Nakaya Y. Decreased blood levels of lactic acid and urinary excretion of 3-methylhistidine after
exercise by chronic taurine treatment in rats. J Nutr Sci Vitaminol (Tokyo). 2003 Dec;49(6):375-80.

147 Horvath DM, Murphy RM, Mollica JP, Hayes A, Goodman CA. The effect of taurine and 3-alanine
supplementation on taurine transporter protein and fatigue resistance in skeletal muscle from mdx
mice. Amino Acids. 2016 Nov;48(11):2635-2645.

148 Pierno S, De Luca A, Camerino C, Huxtable RJ, Camerino DC. Chronic administration of taurine
to aged rats improves the electrical and contractile properties of skeletal muscle fibers. J Pharmacol
Exp Ther. 1998 Sep;286(3):1183-90.

149 Dawson Jr R, Biasetti M, Messina S, Dominy J. The cytoprotective role of taurine in exercise-
induced muscle injury. Amino Acids 2002;22(4):309-24.

150 Beyranvand MR, Kadkhodai Khalafi M, Roshan VD, Choobineh S, Parsa SA, Piranfar MA. Effect
of taurine supplementation on exercise capacity of patients with heart failure. J Cardiol. 2011 Feb
18. [Epub ahead of print]

151 Silva LA, Silveira PC, Ronsani MM, Souza PS, Scheffer D, Vieira LC, Benetti M, De Souza CT,
Pinho RA. Taurine supplementation decreases oxidative stress in skeletal muscle after eccentric
exercise. Cell Biochem Funct. 2011 Jan-Feb;29(1):43-9. doi: 10.1002/cbf.1716.

152 Zhang M, Izumi |, Kagamimori S, Sokejima S, Yamagami T, Liu Z, Qi B. Role of taurine
supplementation to prevent exercise-induced oxidative stress in healthy young men. Amino Acids.
2004 Mar;26(2):203-7.

153 Sugiura H, Okita S, Kato T, Naka T, Kawanishi S, Ohnishi S, Oshida Y, Ma N. Protection by
taurine against INOS-dependent DNA damage in heavily exercised skeletal muscle by inhibition of
the NF-?B signaling pathway. Adv Exp Med Biol. 2013;775:237-46.

154 Waldron M, Patterson SD, Tallent J, Jeffries O. The Effects of an Oral Taurine Dose and
Supplementation Period on Endurance Exercise Performance in Humans: A Meta-Analysis. Sports
Med. 2018 May;48(5):1247-1253.

155 Waldron M, Patterson SD, Jeffries O. Oral taurine improves critical power and severe-intensity
exercise tolerance. Amino Acids. 2019 Nov;51(10-12):1433-1441.

156 Waldron M, Patterson SD, Jeffries O. Oral taurine improves critical power and severe-intensity
exercise tolerance. Amino Acids. 2019 Nov;51(10-12):1433-1441.

157 Fraser SF, Li JL, Carey MF, Wang XN, Sangkabutra T, Sostaric S, Selig SE, Kjeldsen K,
McKenna MJ. Fatigue depresses maximal in vitro skeletal muscle Na(+)-K(+)-ATPase activity in
untrained and trained individuals. J Appl Physiol 2002 Nov;93(5):1650-9.

158 Li JL, Wang XN, Fraser SF, Carey MF, Wrigley TV, McKenna MJ. Effects of fatigue and training
on sarcoplasmic reticulum Ca(2+) regulation in human skeletal muscle. J Appl Physiol
2002;92(3):912-22.



MD+ Joint Support Product Information 52

159 Rutherford JA, Spriet LL, Stellingwerff T. The effect of acute taurine ingestion on endurance
performance and metabolism in well-trained cyclists. Int J Sport Nutr Exerc Metab. 2010
Aug;20(4):322-9.

160 Waldron M, Patterson SD, Tallent J, Jeffries O. The Effects of an Oral Taurine Dose and
Supplementation Period on Endurance Exercise Performance in Humans: A Meta-Analysis. Sports
Med. 2018 May;48(5):1247-1253.

161 Lim ZIX, Singh A, Leow ZZX, Arthur PG, Fournier PA. The Effect of Acute Taurine Ingestion on
Human Maximal Voluntary Muscle Contraction. Med Sci Sports Exerc. 2018 Feb;50(2):344-352.

162 De Carvalho FG, Barbieri RA, Carvalho MB, Dato CC, Campos EZ, Gobbi RB, Papoti M, Silva
ASR, de Freitas EC. Taurine supplementation can increase lipolysis and affect the contribution of
energy systems during front crawl maximal effort. Amino Acids. 2018 Jan;50(1):189-198.

163 Yatabe Y, Miyakawa S, Ohmori H, Mishima H, Adachi T. Effects of taurine administration on
exercise. Adv Exp Med Biol. 2009;643:245-52.

164 Goodman CA, Horvath D, Stathis C, Mori T, Croft K, Murphy RM, Hayes A. Taurine
supplementation increases skeletal muscle force production and protects muscle function during
and after high-frequency in vitro stimulation. J Appl Physiol. 2009 Jul;107(1):144-54. Epub 2009
May 7.

165 Manna P, Sinha M, Sil PC. Cadmium induced testicular pathophysiology: prophylactic role of
taurine. Reprod Toxicol. 2008 Nov-Dec;26(3-4):282-91.

166 Yang J, Wu G, Feng Y, Sun C, Lin S, Hu J. CSD mRNA expression in rat testis and the effect of
taurine on testosterone secretion. Amino Acids. 2010 Jun;39(1):155-60.

167 Yang J, Wu G, Feng Y, Lv Q, Lin S, Hu J. Effects of taurine on male reproduction in rats of
different ages. J Biomed Sci. 2010 Aug 24;17 Suppl 1:S9.

168 Yang J, Lin S, Feng Y, Wu G, Hu J. Taurine enhances the sexual response and mating ability in
aged male rats. Adv Exp Med Biol. 2013;776:347-55.

169 Das J, Ghosh J, Manna P, Sil PC. Taurine protects rat testes against doxorubicin-induced
oxidative stress as well as p53, Fas and caspase 12-mediated apoptosis. Amino Acids. 2012
May;42(5):1839-55.

170 Manna P, Sinha M, Sil PC. Cadmium induced testicular pathophysiology: prophylactic role of
taurine. Reprod Toxicol. 2008 Nov-Dec;26(3-4):282-91.

171 Yang J, Wu G, Feng Y, Sun C, Lin S, Hu J. CSD mRNA expression in rat testis and the effect of
taurine on testosterone secretion. Amino Acids. 2010 Jun;39(1):155-60.

172 Yang J, Wu G, Feng Y, Lv Q, Lin S, Hu J. Effects of taurine on male reproduction in rats of
different ages. J Biomed Sci. 2010 Aug 24;17 Suppl 1:S9.

173 Yang J, Lin S, Feng Y, Wu G, Hu J. Taurine enhances the sexual response and mating ability in
aged male rats. Adv Exp Med Biol. 2013;776:347-55.

174 Das J, Ghosh J, Manna P, Sil PC. Taurine protects rat testes against doxorubicin-induced
oxidative stress as well as p53, Fas and caspase 12-mediated apoptosis. Amino Acids. 2012
May;42(5):1839-55.

175 Yang J, Zong X, Wu G, Lin S, Feng Y, Hu J. Taurine increases testicular function in aged rats by
inhibiting oxidative stress and apoptosis. Amino Acids. 2015 Aug;47(8):1549-58.

176 Adedara IA, Olabiyi BF, Ojuade TD, Idris UF, Onibiyo EM, Farombi EO. Taurine reverses sodium
fluoride-mediated increase in inflammation, caspase-3 activity, and oxidative damage along the
brain-pituitary-gonadal axis in male rats. Can J Physiol Pharmacol. 2017 Sep;95(9):1019-1029.

177 Ra SG, Miyazaki T, Ishikura K, Nagayama H, Suzuki T, Maeda S, Ito M, Matsuzaki Y, Ohmori H.
Additional effects of taurine on the benefits of BCAA intake for the delayed-onset muscle soreness
and muscle damage induced by high-intensity eccentric exercise. Adv Exp Med Biol. 2013;776:179-
87.

178 Everaert |, Stegen S, Vanheel B, Taes Y, Derave W. Effect of beta-alanine and carnosine
supplementation on muscle contractility in mice. Med Sci Sports Exerc. 2013 Jan;45(1):43-51.



MD+ Joint Support Product Information 53

179 Tallon MJ, Harris RC, Maffulli N, Tarnopolsky MA. Carnosine, taurine and enzyme activities of
human skeletal muscle fibres from elderly subjects with osteoarthritis and young moderately active
subjects. Biogerontology. 2007 Apr;8(2):129-37.

180 Cozzi R, Ricordy R, Bartolini F, Ramadori L, Perticone P and de Salvia R (). Taurine and ellagic
acid: two differently-acting natural antioxidants. Environmental and Molecular Mutagenesis 1995;
26:248-254.

181 Lourenco R, Camilo ME. Taurine: a conditionally essential amino acid in humans? An overview in
health and disease. Nutr Hosp. 2002 Nov-Dec;17(6):262-70.

182 Schaffer S, Azuma J, Takahashi K, Mozaffari M. Why is taurine cytoprotective? Adv Exp Med
Biol. 2003;526:307-21.

183 Bidri M, Choay P. Taurine: a particular aminoacid with multiple functions. Ann Pharm Fr. 2003
Nov;61(6):385-91.

184 Nandhini AT, Thirunavukkarasu V, Ravichandran MK, Anuradha CV. Effect of taurine on
biomarkers of oxidative stress in tissues of fructose-fed insulin-resistant rats. Singapore Med J.
2005 Feb;46(2):82-7.

185 Wu GF, Ren S, Tang RY, Xu C, Zhou JQ, Lin SM, Feng Y, Yang QH, Hu JM, Yang JC.
Antidepressant effect of taurine in chronic unpredictable mild stress-induced depressive rats. Sci
Rep. 2017 Jul 10;7(1):4989.

186 Kinane DF, Stathopoulou PG, Papapanou PN. Periodontal diseases. Nat Rev Dis Primers. 2017
Jun 22;3:17038.

187 Chaudhry S, Tandon B, Gupta A, Gupta S. Taurine: A potential mediator for periodontal therapy.
Indian J Dent Res. 2018 Nov-Dec;29(6):808-811.

188 Pierno S, Liantonio A, Camerino GM, De Bellis M, Cannone M, Gramegna G, Scaramuzzi A,
Simonetti S, Nicchia GP, Basco D, Svelto M, Desaphy JF, Camerino DC. Potential benefits of
taurine in the prevention of skeletal muscle impairment induced by disuse in the hindlimb-unloaded
rat. Amino Acids. 2012 Jul;43(1):431-45.

189 De Luca A, Pierno S, Camerino DC. Taurine: the appeal of a safe amino acid for skeletal muscle
disorders. J Transl Med. 2015 Jul 25;13:243.

190 Mashyakhy M, Alkahtani A, Abumelha AS, Sharroufna RJ, Alkahtany MF, Jamal M, Robaian A,
Binalrimal S, Chohan H, Patil VR, Raj AT, Bhandi S, Reda R, Testarelli L, Patil S. Taurine Augments
Telomerase Activity and Promotes Chondrogenesis in Dental Pulp Stem Cells. J Pers Med. 2021
May 31;11(6):491. doi: 10.3390/jpm11060491. PMID: 34072707.

191 Sangha O, Stucki G. Vitamin E in the treatment of rheumatic diseases. Zeitschrift flr
Rheumatologie 1998; 57(4):207-214.

192 Sacheck JM, Blumberg JB. Role of vitamin E and oxidative stress in exercise. Nutrition 2001;
(10):809-14.

193 Zafarullah M, Li WQ, Sylvester J, Ahmad M. Molecular mechanisms of N-acetylcysteine actions.
Cell Mol Life Sci 2003 Jan;60(1):6-20.

194 Andriamanalijaona R, Kypriotou M, Bauge C, Renard E, Legendre F, Raoudi M, Boumediene K,
Gatto H, Monginoux P, Pujol JP. Comparative effects of 2 antioxidants, selenomethionine and
epigallocatechin-gallate, on catabolic and anabolic gene expression of articular chondrocytes. J
Rheumatol. 2005 Oct;32(10):1958-67.

195 Pérez-L6pez A, Martin-Rincon M, Santana A, Perez-Suarez |, Dorado C, Calbet JAL, Morales-
Alamo D. Antioxidants Facilitate High-intensity Exercise IL-15 Expression in Skeletal Muscle. Int J
Sports Med. 2019 Jan;40(1):16-22.

196 Jenkins DJ, Kitts D, Giovannucci RL, et al. Selenium, antioxidants, cardiovascular disease, and
all-cause mortality: a systematic review and meta-analysis of randomized controlled trials, The
American Journal of Clinical Nutrition, 2020, nqaa245, https://doi.org/10.1093/ajcn/ngaa245.

197 Siddiqui MZ. Boswellia serrata, a potential antiinflammatory agent: an overview. Indian J Pharm
Sci. 2011 May;73(3):255-61.



MD+ Joint Support Product Information 54

198 Ammon HP. Boswellic acids in chronic inflammatory diseases. Planta Med. 2006
Oct;72(12):1100-16.

199 Gayathri B, Manjula N, Vinaykumar KS, Lakshmi BS, Balakrishnan A. Pure compound from
Boswellia serrata extract exhibits anti-inflammatory property in human PBMCs and mouse
macrophages through inhibition of TNFalpha, IL-1beta, NO and MAP kinases. Int
Immunopharmacol. 2007 Apr;7(4):473-82.

200 Ammon HP, Safayhi H, Mack T, Sabieraj J. Mechanism of antiinflammatory actions of curcumine
and boswellic acids. J Ethnopharmacol 1993 Mar;38(2-3):113-9.

201 Menon MK, Kar A. Analgesic and psychopharmacological effects of the gum resin of Boswellia
serrata. Planta Med 1971 Apr;19(4):333-41.

202 Reichling J, Schmokel H, Fitzi J, Bucher S, Saller R. Dietary support with Boswellia resin in
canine inflammatory joint and spinal disease. Schweiz Arch Tierheilkd. 2004 Feb;146(2):71-9.

203 Haroyan A, Mukuchyan V, Mkrtchyan N, Minasyan N, Gasparyan S, Sargsyan A, Narimanyan M,
Hovhannisyan A. Efficacy and safety of curcumin and its combination with boswellic acid in
osteoarthritis: a comparative, randomized, double-blind, placebo-controlled study. BMC
Complement Altern Med. 2018 Jan 9;18(1):7.

204 Henrotin Y, Dierckxsens Y, Delisse G, Maes N, Albert A. Curcuma longa and Boswellia serrata
extract combination for hand osteoarthritis: an open-label pre-post trial. Pharm Biol. 2022
Dec;60(1):2295-2299. doi: 10.1080/13880209.2022.2147550. PMID: 36416059; PMCID:
PMC9704064.

205 Bannuru RR, Osani MC, Al-Eid F, Wang C. Efficacy of curcumin and Boswellia for knee
osteoarthritis: Systematic review and meta-analysis. Semin Arthritis Rheum. 2018 Dec;48(3):416-
429.

206 Oral enzyme therapy in osteoarthritis of the knee. Proteolytic enzyme are effective with few risks.
MMW Fortschr Med 2001 Jun 7;143(23):44-6.

207 Akhtar NM, Naseer R, Farooqi AZ, Aziz W, Nazir M. Oral enzyme combination versus diclofenac
in the treatment of osteoarthritis of the knee--a double-blind prospective randomized study. Clin
Rheumatol. 2004 Oct;23(5):410-5.

208 Hollmann W. Efficacy and safety of hydrolytic enzymes and rutin in patients with distortions of the
ankle joint. Clinical study report MU-694411, idv-Datenanalyse und Versuchsplanung Gauting 1998.

209 Kamenicek V, Holan P, Franek P. [Systemic enzyme therapy in the treatment and prevention of
post-traumatic and postoperative swelling] Acta Chir Orthop Traumatol Cech. 2001;68(1):45-9.

210 Kelly GS (1996) Bromelain: a literature review and discussion of its therapeutic applications. Alt
Med Rev 1:243-257.

211 Kerkhoffs GM, Struijs PA, de Wit C, Rahlfs VW, Zwipp H, van Dijk CN. A double blind,
randomised, parallel group study on the efficacy and safety of treating acute lateral ankle sprain with
oral hydrolytic enzymes. Br J Sports Med. 2004 Aug;38(4):431-5.

212 Klein G, Kullich W, Schnitker J, Schwann H. Efficacy and tolerance of an oral enzyme
combination in painful osteoarthritis of the hip. A double-blind, randomised study comparing oral
enzymes with non-steroidal anti-inflammatory drugs. Clin Exp Rheumatol. 2006 Jan-Feb;24(1):25-
30.

213 Wittenborg A, Bock PR, Hanisch J, Saller R, Schneider B (2000) Vergleichende
epidemiologische Studie bei Erkrankungen des rheumatischen Formenkreises am Beispiel der
Therapie mit nichtsteroidalen Antiphlogistika versus einem oralen Enzymkombinationspraparat.
Arzneim Forsch/Drug Res 50:728-738.

214 Donaho C, Rylander C. Proteolytic enzymes in athletic injuries: A double-blind study of a new
anti-inflammatory agent. Delaware Medical Journal 1962; 34(6):168-70.

215 Walker AF, Bundy R, Hicks SM. Bromelain reduces mild acute knee pain and improves well-
being in a dose-dependent fashion in an open study of otherwise health adults, Phytomedicine 9
(2002), pp. 681-686.



MD+ Joint Support Product Information 55

216 Nagai K, Suda T. Immunoregulative effects of carnosine and beta-alanine. J. Physiol. Soc Jap
1986; 48:564-571.

217 Boldyrev A, Johnson P. Carnosine and related compounds: antioxidant dipeptides. In: P.
Johnson and A. Boldyrev, Editors, Oxidative Stress at Molecular, Cellular and Organ Levels, Res.
Signpost 2002; 101-114.

218 Nagai K, Suda T, Kawasaki K, Mathuura S. Action of carnosine and beta-alanine on wound
healing. Surgery. 1986; 100(5):815-21.

219 Wang AM, Ma C, Xie ZH, et al. Use of carnosine as a natural anti-senescence drug for human
beings. Biochemistry (Mosc) 2000; 65(7):869-71.

220 Zakharchenko MV, Temnov AV, Kondrashova MN. Effect of carnosine on self-organization of
mitochondrial assemblies in rat liver homogenate. Biochemistry (Mosc). 2003; 68(9):1002-5.

221 Stvolinsky SL, Dobrota D. Anti-ischemic activity of carnosine. Biochemistry (Mosc) 2000;
65(7):849-55.

222 Hipkiss AR. On the enigma of carnosine's anti-ageing actions. Exp Gerontol. 2009 Apr;44(4):237-
42.

223 Drafi F, Bauerova K, Valachova K, Ponist S, Mihalova D, Juranek |, Boldyrev A, Hrabarova E,
Soltes L. Carnosine inhibits degradation of hyaluronan induced by free radical processes in vitro and
improves the redox imbalance in adjuvant arthritis in vivo. Neuro Endocrinol Lett. 2010;31 Suppl
2:96-100.

224 Frei M, Kim C, Ames BN. Ubiquinol-10 is an effective lipid-soluble antioxidant at physiological
concentrations. Proc Natl Acad Sci 1990; 87:4879-83.

225 Folkers K, Langsjoen P, Willis R, et al. Lovastatin decreases coenzyme Q levels in humans. Proc
Natl Acad Sci 1990; 87:8931-34.

226 Littarru GP, Langsjoen P. Coenzyme Q10 and statins: biochemical and clinical implications.
Mitochondrion. 2007 Jun;7 Suppl:S168-74.

227 Skarlovnik A, Janic M, Lunder M, Turk M, Sabovic M. Coenzyme Q10 supplementation
decreases statin-related mild-to-moderate muscle symptoms: a randomized clinical study. Med Sci
Monit. 2014 Nov 6;20:2183-8.

228 Wang LW, Jabbour A, Hayward CS, Furlong TJ, Girgis L, Macdonald PS, Keogh AM. Potential
role of coenzyme Q10 in facilitating recovery from statin-induced rhabdomyolysis. Intern Med J.
2015 Apr;45(4):451-3.

229 Qu H, Guo M, Chai H, Wang WT, Gao ZY, Shi DZ. Effects of Coenzyme Q10 on Statin-Induced
Myopathy: An Updated Meta-Analysis of Randomized Controlled Trials. J Am Heart Assoc. 2018
Oct 2;7(19):e009835. doi: 10.1161/JAHA.118.009835. PMID: 30371340.

230 Lorza-Gil E, de Souza JC, Garcia-Arévalo M, Vettorazzi JF, Marques AC, Salerno AG, Trigo JR,
Oliveira HCF. Coenzyme Q10 protects against 3-cell toxicity induced by pravastatin treatment of
hypercholesterolemia. J Cell Physiol. 2019 Jul;234(7):11047-11059.

231 Jing L, He MT, Chang Y, Mehta SL, He QP, Zhang JZ, Li PA. Coenzyme Q10 protects astrocytes
from ROS-induced damage through inhibition of mitochondria-mediated cell death pathway. Int J
Biol Sci. 2015 Jan 1;11(1):59-66.

232 Noh YH, Kim KY, Shim MS, Choi SH, Choi S, Ellisman MH, Weinreb RN, Perkins GA, Ju WK.
Inhibition of oxidative stress by coenzyme Q10 increases mitochondrial mass and improves
bioenergetic function in optic nerve head astrocytes. Cell Death Dis. 2013 Oct 3;4:e820.

233 Raygan F, Rezavandi Z, Dadkhah Tehrani S, Farrokhian A, Asemi Z. The effects of coenzyme
Q10 administration on glucose homeostasis parameters, lipid profiles, biomarkers of inflammation
and oxidative stress in patients with metabolic syndrome. Eur J Nutr. 2016 Dec;55(8):2357-2364.

234 Nasoohi S, Simani L, Khodagholi F, Nikseresht S, Faizi M, Naderi N. Coenzyme Q10
supplementation improves acute outcomes of stroke in rats pretreated with atorvastatin. Nutr
Neurosci. 2019 Apr;22(4):264-272.



MD+ Joint Support Product Information 56

235 Chis BA, Chis AF, Muresan A, Fodor D. Q10 Coenzyme Supplementation can Improve Oxidative
Stress Response to Exercise in Metabolic Syndrome in Rats. Int J Vitam Nutr Res. 2019 Mar 19:1-9.

236 Langsjoen PH, Langsjoen AM. The clinical use of HMG CoA-reductase inhibitors and the
associated depletion of coenzyme Q10. A review of animal and human publications. Biofactors.
2003;18(1-4):101-11.

237 Jorat MV, Tabrizi R, Kolahdooz F, Akbari M, Salami M, Heydari ST, Asemi Z. The effects of
coenzyme Q10 supplementation on biomarkers of inflammation and oxidative stress in among
coronary artery disease: a systematic review and meta-analysis of randomized controlled trials.
Inflammopharmacology. 2019 Apr;27(2):233-248.

238 Andalib S, Mashhadi-Mousapour M, Bijani S, Hosseini MJ. Coenzyme Q10 Alleviated Behavioral
Dysfunction and Bioenergetic Function in an Animal Model of Depression. Neurochem Res. 2019
May;44(5):1182-1191.

239 Wang X, Meng Q, Qiu C, Li P, Qu R, Wang W, Wang Y, Liu L, Zhao Y. Potential therapeutic role
of Co-Q10 in alleviating intervertebral disc degeneration and suppressing IL-13-mediated
inflammatory reaction in NP cells. Int Imnmunopharmacol. 2018 Nov;64:424-431.

240 Schmelzer C, Kubo H, Mori M, Sawashita J, Kitano M, Hosoe K, Boomgaarden |, Doéring F,
Higuchi K. Supplementation with the reduced form of Coenzyme Q10 decelerates phenotypic
characteristics of senescence and induces a peroxisome proliferator-activated receptor-alpha gene
expression signature in SAMP1 mice. Mol Nutr Food Res. 2010 Jun;54(6):805-15.

241 Tian G, Sawashita J, Kubo H, Nishio SY, Hashimoto S, Suzuki N, Yoshimura H, Tsuruoka M,
Wang Y, Liu Y, Luo H, Xu Z, Mori M, Kitano M, Hosoe K, Takeda T, Usami S, Higuchi K. Ubiquinol-
10 supplementation activates mitochondria functions to decelerate senescence in senescence-
accelerated mice. Antioxid Redox Signal. 2014 Jun 1;20(16):2606-20.

242 Yan J, Fuijii K, Yao J, Kishida H, Hosoe K, Sawashita J, Takeda T, Mori M, Higuchi K. Reduced
coenzyme Q10 supplementation decelerates senescence in SAMP1 mice. Exp Gerontol. 2006
Feb;41(2):130-40.

243 Garrido-Maraver J, Cordero MD, Oropesa-Avila M, Fernandez Vega A, de la Mata M, Delgado
Pavon A, de Miguel M, Pérez Calero C, Villanueva Paz M, Cotan D, Sanchez-Alcazar JA.
Coenzyme 10 therapy. Mol Syndromol. 2014 Jul;5(3-4):187-97.

244 Safarinejad MR. Efficacy of coenzyme Q10 on semen parameters, sperm function and
reproductive hormones in infertile men. J Urol. 2009 Jul;182(1):237-48.

245 Fouad AA, Al-Sultan Al, Yacoubi MT. Coenzyme Q10 counteracts testicular injury induced by
sodium arsenite in rats. Eur J Pharmacol. 2011 Mar 25;655(1-3):91-8.

246 Walczak-Jedrzejowska R, Wolski JK, Slowikowska-Hilczer J. The role of oxidative stress and
antioxidants in male fertility. Cent European J Urol. 2013;66(1):60-7.

247 Safarinejad MR. The effect of coenzyme Q10 supplementation on partner pregnancy rate in
infertile men with idiopathic oligoasthenoteratozoospermia: an open-label prospective study. Int Urol
Nephrol. 2012 Jun;44(3):689-700.

248 Banihani SA. Effect of Coenzyme Q10 Supplementation on Testosterone. Biomolecules. 2018
Dec 13;8(4). pii: E172. doi: 10.3390/biom8040172.

249 Banihani SA. Effect of Coenzyme Q10 Supplementation on Testosterone. Biomolecules. 2018
Dec 13;8(4). pii: E172. doi: 10.3390/biom8040172.

250 Onur S, Niklowitz P, Jacobs G, Nothlings U, Lieb W, Menke T, Déring F. Ubiquinol reduces
gamma glutamyltransferase as a marker of oxidative stress in humans. BMC Res Notes. 2014 Jul
4;7:427.

251 Brauner H, Luthje P, Grunler J, Ekberg NR, Dallner G, Brismar K, Brauner A. Markers of innate
immune activity in patients with type 1 and type 2 diabetes mellitus and the effect of the anti-oxidant
coenzyme Q10 on inflammatory activity. Clin Exp Immunol. 2014 Aug;177(2):478-82.

252 Kaikkonen J, Kosonen L, Nyyssonen K, Porkkala-Sarataho E, Salonen R, Korpela H, Salonen
JT. Effect of combined coenzyme Q10 and d-alpha-tocopheryl acetate supplementation on exercise-



MD+ Joint Support Product Information 57

induced lipid peroxidation and muscular damage: a placebo-controlled double-blind study in
marathon runners. Free Radic Res. 1998 Jul;29(1):85-92.

253 Gokbel H, Gui I, Bleviranl M, et al. The effects of coenzyme Q10 supplementation on
performance during repeated bouts of supramaximal exercise in sedentary men. J Strength Cond
Res. 2010;24(1):97-102.

254 https://jamanetwork.com/journals/jamaoncology/article-abstract/2732506 would suffice.

255 Sarmiento A, Diaz-Castro J, Pulido-Moran M, Kajarabille N, Guisado R, Ochoa JJ. Coenzyme
Q10 Supplementation and Exercise in Healthy Humans: A Systematic Review. Curr Drug Metab.
2016;17(4):345-58.

256 Chis BA, Chis AF, Muresan A, Fodor D. Q10 Coenzyme Supplementation can Improve Oxidative
Stress Response to Exercise in Metabolic Syndrome in Rats. Int J Vitam Nutr Res. 2019 Mar 19:1-9.

257 Mehrabani S, Askari G, Miraghajani M, Tavakoly R, Arab A. Effect of coenzyme Q10
supplementation on fatigue: A systematic review of interventional studies. Complement Ther Med.
2019 Apr;43:181-187.

258 Komaki H, Faraji N, Komaki A, Shahidi S, Etaee F, Raoufi S, Mirzaei F. Investigation of
protective effects of coenzyme Q10 on impaired synaptic plasticity in a male rat model of
Alzheimer's disease. Brain Res Bull. 2019 Apr;147:14-21.

259 Belviranli M, Okudan N. Effect of Coenzyme Q10 Alone and in Combination with Exercise
Training on Oxidative Stress Biomarkers in Rats. Int J Vitam Nutr Res. 2019 Apr 30:1-11.

260 Wang X, Meng Q, Qiu C, Li P, Qu R, Wang W, Wang Y, Liu L, Zhao Y. Potential therapeutic role
of Co-Q10 in alleviating intervertebral disc degeneration and suppressing IL-13-mediated
inflammatory reaction in NP cells. Int Immunopharmacol. 2018 Nov;64:424-431.

261 Mortensen SA. Perspectives on therapy of cardiovascular diseases with coenzyme Q10
(ubiguinone). [Review] Clinical Investigator 1993;71(8 Suppl):S116-23.

262 Beyer RE. An analysis of the role of coenzyme Q in free radical generation and as an antioxidant.
Biochemistry & Cell Biology 1992;70(6):390-403.

263 Chis BA, Chis AF, Muresan A, Fodor D. Q10 Coenzyme Supplementation can Improve Oxidative
Stress Response to Exercise in Metabolic Syndrome in Rats. Int J Vitam Nutr Res. 2019 Mar 19:1-9.

264 Belviranli M, Okudan N. Effect of Coenzyme Q10 Alone and in Combination with Exercise
Training on Oxidative Stress Biomarkers in Rats. Int J Vitam Nutr Res. 2019 Apr 30:1-11.

265 Sarmiento A, Diaz-Castro J, Pulido-Moran M, Moreno-Fernandez J, Kajarabille N, Chirosa |,
Guisado IM, Javier Chirosa L, Guisado R, Ochoa JJ. Short-term ubiquinol supplementation reduces
oxidative stress associated with strenuous exercise in healthy adults: A randomized trial. Biofactors.
2016 Nov 12;42(6):612-622.

266 Pala R, Beyaz F, Tuzcu M, Er B, Sahin N, Cinar V, Sahin K. The effects of coenzyme Q10 on
oxidative stress and heat shock proteins in rats subjected to acute and chronic exercise. J Exerc
Nutrition Biochem. 2018 Sep 30;22(3):14-20.

267 Orlando P, Silvestri S, Galeazzi R, Antonicelli R, Marcheggiani F, Cirilli I, Bacchetti T, Tiano L.
Effect of ubiquinol supplementation on biochemical and oxidative stress indexes after intense
exercise in young athletes. Redox Rep. 2018 Dec;23(1):136-145.

268 Borisova IG, Seifulla RD, Zhuravlev Al. [Action of antioxidants on physical work capacity and lipid
peroxidation in the body]. Farmakol Toksikol 1989;52(4):89-92.

269 Lemke M, Frei B, Ames BN, Faden Al. Decreases in tissue levels of ubiquinol 9 and 10,
ascorbate and alpha tocopherol following spinal cord impact trauma in rats. Neurosci Lett
1990;108(1-2):201-6.

270 Alehagen U, Alexander J, Aaseth J, Larsson A. Decrease in inflammatory biomarker
concentration by intervention with selenium and coenzyme Q10: a subanalysis of osteopontin,
osteoprotergerin, TNFrl, TNFr2 and TWEAK. J Inflamm (Lond). 2019 Mar 18;16:5.



MD+ Joint Support Product Information 58

271 Chokchaiwong S, Kuo YT, Lin SH, Hsu YC, Hsu SP, Liu YT, Chou AJ, Kao SH. Coenzyme Q10
serves to couple mitochondrial oxidative phosphorylation and fatty acid 3-oxidation, and attenuates
NLRP3 inflammasome activation. Free Radic Res. 2018 Dec;52(11-12):1445-1455.

272 Ghanbarzadeh S, Garjani A, Ziaee M, Khorrami A. Effects of L-carnitine and coenzyme g10 on
impaired spermatogenesis caused by isoproterenol in male rats. Drug Res (Stuttg). 2014
Sep;64(9):449-53.

273 Ghanbarzadeh S, Garjani A, Ziaee M, Khorrami A. CoQ10 and L-carnitine attenuate the effect of
high LDL and oxidized LDL on spermatogenesis in male rats. Drug Res (Stuttg). 2014
Oct;64(10):510-5.

274 Dokmeci D, Inan M, Basaran UN, Yalcin O, Aydogdu N, Turan FN, Uz YH. Protective effect of L-
carnitine on testicular ischaemia-reperfusion injury in rats. Cell Biochem Funct. 2007 Nov-
Dec;25(6):611-8.

275 Cavallini G, Caracciolo S, Vitali G, Modenini F, Biagiotti G. Carnitine versus androgen
administration in the treatment of sexual dysfunction, depressed mood, and fatigue associated with
male aging. Urology. 2004 Apr;63(4):641-6.

276 Zare Z, Eimani H, Mohammadi M, Mofid M, Dashtnavard H. The effect of orally administered I-
carnitine on testis tissue, sperm parameters and daily sperm production in adult mice. Yakhteh Med
J. 2010;11:382-389.

277 Sazegar G, Ebrahimi V, Boroujeni MJS, Mohammadi S, Salimnezhad R. Morphometric study of
testis tissue and spermatogenesis following carnitine administration in diabetic rat induced with
stereptozotocin. Iran J Diabetes Metab. 2014;14:9-14.

278 Kanter M, Topcu-Tarladacalisir Y, Parlar S. Antiapoptotic effect of I-carnitine on testicular
irradiation in rats. J Mol Histol. 2010;41:121-128.

279 Rezaei N, Mardanshahi T, Shafaroudi MM, Abedian S, Mohammadi H, Zare Z. Effects of I-
Carnitine on the Follicle-Stimulating Hormone, Luteinizing Hormone, Testosterone, and Testicular
Tissue Oxidative Stress Levels in Streptozotocin-Induced Diabetic Rats. J Evid Based Integr Med.
2018 Jan-Dec;23:2515690X18796053. doi: 10.1177/2515690X18796053.

280 Elokil AA, Bhuiyan AA, Liu HZ, Hussein MN, Ahmed HI, Azmal SA, Yang L, Li S. The capability
of L-carnitine-mediated antioxidant on cock during aging: evidence for the improved semen quality
and enhanced testicular expressions of GhnRH1, GnRHR, and melatonin receptors MT 1/2. Poult
Sci. 2019 Apr 18. pii: pez201. doi: 10.3382/ps/pez201. [Epub ahead of print]

281 Kiuchi F, Shibuyu M, et al. Inhibition of prostaglandin and leukotriene biosynthesis by gingerols
and diarylheptanoids. Chem Pharm Bull 1992; 40:387-91.

282 Bliddal H, Rosetzsky A, Schlichting P, Weidner MS, Andersen LA, Ibfelt HH, Christensen K,
Jensen ON, Barslev J. A randomized, placebo-controlled, cross-over study of ginger extracts and
ibuprofen in osteoarthritis. Osteoarthritis Cartilage 2000 Jan;8(1):9-12.

283 Park KK, Chun KS, Lee JM, Lee SS, Surh YJ. Inhibitory effects of [6]-gingerol, a major pungent
principle of ginger, on phorbol ester-induced inflammation, epidermal ornithine decarboxylase
activity and skin tumor promotion in ICR mice. Cancer Lett 1998 Jul 17;129(2):139-44.

284 Kaushik S, Jangra G, Kundu V, Yadav JP, Kaushik S. Anti-viral activity of Zingiber officinale
(Ginger) ingredients against the Chikungunya virus. Virusdisease. 2020 May 5:1-7. doi:
10.1007/s13337-020-00584-0. Online ahead of print. PMID: 32420412

285 Appell CR, Jiwan NC, Wang R, Shen CL, Luk HY. Ginger Supplementation Attenuated
Mitochondrial Fusion and Improved Skeletal Muscle Size in Type 2 Diabetic Rats. In Vivo. 2024 Jan-
Feb;38(1):73-81. doi: 10.21873/invivo.13412. PMID: 38148056; PMCID: PMC10756480.

286 Boelsma E, Lamers RJ, Hendriks HF, van Nesselrooij JH, Roza L. Evidence of the regulatory
effect of Ginkgo biloba extract on skin blood flow and study of its effects on urinary metabolites in
healthy humans. Planta Med. 2004 Nov;70(11):1052-7.



MD+ Joint Support Product Information 59

287 Kwak WJ, Han CK, Son KH, Chang HW, Kang SS, Park BK, Kim HP. Effects of Ginkgetin from
Ginkgo biloba Leaves on cyclooxygenases and in vivo skin inflammation. Planta Med. 2002
Apr;68(4):316-21.

288 Sueoka N, Suganuma M, Sueoka E, Okabe S, Matsuyama S, Imai K, Nakachi K, Fujiki H. A new
function of green tea: prevention of lifestyle-related diseases. Ann N Y Acad Sci. 2001 Apr;928:274-
80.

289 Yang F, de Villiers WJ, McClain CJ, Varilek GW. Green tea polyphenols block endotoxin-induced
tumor necrosis factor-production and lethality in a murine model. J Nutr. 1998 Dec;128(12):2334-40.

290 Cooper R, Morre DJ, Morre DM. Medicinal benefits of green tea: Part I. Review of noncancer
health benefits. J Altern Complement Med. 2005 Jun;11(3):521-8.

291 Curtis CL, Harwood JL, Dent CM, Caterson B. Biological basis for the benefit of nutraceutical
supplementation in arthritis. Drug Discov Today. 2004 Feb 15;9(4):165-72.

292 Ulrich-Vinther M, Maloney MD, Schwarz EM, Rosier R, O'Keefe RJ. Articular cartilage biology. J
Am Acad Orthop Surg. 2003 Nov-Dec;11(6):421-30.

293 Ahmed S, Wang N, Lalonde M, Goldberg VM, Haqqi TM. Green tea polyphenol epigallocatechin-
3-gallate (EGCG) differentially inhibits interleukin-1 beta-induced expression of matrix
metalloproteinase-1 and -13 in human chondrocytes. J Pharmacol Exp Ther. 2004 Feb;308(2):767-
73.

294 Ahmed S, Rahman A, Hasnain A, Lalonde M, Goldberg VM, Haqqi TM. Green tea polyphenol
epigallocatechin-3-gallate inhibits the IL-1 beta-induced activity and expression of cyclooxygenase-2
and nitric oxide synthase-2 in human chondrocytes. Free Radic Biol Med. 2002 Oct 15;33(8):1097-
105.

295 Adcocks C, Collin P, Buttle DJ. Catechins from green tea (Camellia sinensis) inhibit bovine and
human cartilage proteoglycan and type Il collagen degradation in vitro. J Nutr. 2002 Mar;132(3):341-
6.

296 Henning SM, Niu Y, Lee NH, Thames GD, Minutti RR, Wang H, Go VL, Heber D. Bioavailability
and antioxidant activity of tea flavanols after consumption of green tea, black tea, or a green tea
extract supplement. Am J Clin Nutr. 2004 Dec;80(6):1558-64.

297 Rondanelli M, Gasparri C, Perna S, Petrangolini G, Allegrini P, Fazia T, Bernardinelli L, Cavioni
A, Mansueto F, Oberto L, Patelli Z, Tartara A, Riva A. A 60-Day Green Tea Extract Supplementation
Counteracts the Dysfunction of Adipose Tissue in Overweight Post-Menopausal and Class | Obese
Women. Nutrients. 2022 Dec 7;14(24):5209. doi: 10.3390/nul14245209. PMID: 36558368; PMCID:
PMC9785698.

298 Rains TM, Agarwal S, Maki KC. Antiobesity effects of green tea catechins: a mechanistic review.
J Nutr Biochem. 2011 Jan;22(1):1-7. doi: 10.1016/}.jnutbio.2010.06.006. Epub 2010 Nov 5. PMID:
21115335.

299 Wang H, Wen Y, Du Y, Yan X, Guo H, Rycroft JA, Boon N, Kovacs EM, Mela DJ. Effects of
catechin enriched green tea on body composition. Obesity (Silver Spring). 2010 Apr;18(4):773-9.
doi: 10.1038/0by.2009.256. Epub 2009 Aug 13. PMID: 19680234.

300 Thavanesan N. The putative effects of green tea on body fat: an evaluation of the evidence and a
review of the potential mechanisms. Br J Nutr. 2011 Nov;106(9):1297-309. doi:
10.1017/S0007114511003849. Epub 2011 Aug 3. PMID: 21810286.

301 Chen LH, Chien YW, Liang CT, Chan CH, Fan MH, Huang HY. Green tea extract induces genes
related to browning of white adipose tissue and limits weight-gain in high energy diet-fed rat. Food
Nutr Res. 2017 Jul 14;61(1):1347480. doi: 10.1080/16546628.2017.1347480. PMID: 28804438;
PMCID: PMC5533130.

302 Suzuki Y, Miyoshi N, Isemura M. Health-promoting effects of green tea. Proc Jpn Acad Ser B
Phys Biol Sci. 2012;88(3):88-101. doi: 10.2183/pjab.88.88. PMID: 22450537; PMCID:
PMC3365247.



MD+ Joint Support Product Information 60

303 Mancini E, Beglinger C, Drewe J, Zanchi D, Lang UE, Borgwardt S. Green tea effects on
cognition, mood and human brain function: A systematic review. Phytomedicine. 2017 Oct 15;34:26-
37. doi: 10.1016/j.phymed.2017.07.008. Epub 2017 Jul 27. PMID: 28899506.

304 Reygaert WC. Green Tea Catechins: Their Use in Treating and Preventing Infectious Diseases.
Biomed Res Int. 2018 Jul 17;2018:9105261. doi: 10.1155/2018/9105261. PMID: 30105263; PMCID:
PMC6076941.

305 Farhan M. Green Tea Catechins: Nature's Way of Preventing and Treating Cancer. Int J Mol Sci.
2022 Sep 14;23(18):10713. doi: 10.3390/ijms231810713. PMID: 36142616; PMCID: PMC9501439.

306 Hazimeh D, Massoud G, Parish M, Singh B, Segars J, Islam MS. Green Tea and Benign
Gynecologic Disorders: A New Trick for An Old Beverage? Nutrients. 2023 Mar 16;15(6):1439. doi:
10.3390/nu15061439. PMID: 36986169; PMCID: PMC10054707.

307 Valcavi R, Zini M, Maestroni GJ, Conti A, Portioli I. Melatonin stimulates growth hormone
secretion through pathways other than the growth hormone-releasing hormone. Clin Endocrinol
(Oxf). 1993; 39(2):193-9.

308 Forsling ML, Wheeler MJ, Williams AJ. The effect of melatonin administration on pituitary
hormone secretion in man. Clin Endocrinol (Oxf). 1999 Nov;51(5):637-42.

309 Meeking DR, Wallace JD, Cuneo RC, Forsling M, Russell-Jones DL. Exercise-induced GH
secretion is enhanced by the oral ingestion of melatonin in healthy adult male subjects. Eur J
Endocrinol. 1999 Jul;141(1):22-6. doi: 10.1530/eje.0.1410022. PMID: 10407218.

310 Pieri C, Moroni F, Marra M, Marcheselli F, Recchioni R. Melatonin is an efficient antioxidant. Arch
Gerontol Geriatr. 1995 Mar-Apr;20(2):159-65. Related Articles, Links

311 Kruk J, Aboul-Enein BH, Duchnik E. Exercise-induced oxidative stress and melatonin
supplementation: current evidence. J Physiol Sci. 2021 Sep 1;71(1):27. doi: 10.1186/s12576-021-
00812-2. PMID: 34470608; PMCID: PMC8409271.

312 Erkilic B, Dalgic GS. The preventive role of vitamin D in the prevention and management of
Fibromyalgia syndrome. Nutr Health. 2023 Jun;29(2):223-229. doi: 10.1177/02601060221144801.
Epub 2023 Jan 2. PMID: 36591895.

313 Mori TA, Puddey IB, Burke V, Croft KD, Dunstan DW, Rivera JH, Beilin LJ. Effect of omega 3
fatty acids on oxidative stress in humans: GC-MS measurement of urinary F2-isoprostane excretion.
Redox Rep 2000;5(1):45-6.

314 Song C, Li X, Leonard BE, Horrobin DF. Effects of dietary n-3 or n-6 fatty acids on interleukin-
lbeta-induced anxiety, stress, and inflammatory responses in rats. J Lipid Res. 2003
Oct;44(10):1984-91.

315 Mori TA, Beilin LJ. Omega-3 fatty acids and inflammation. Curr Atheroscler Rep. 2004
Nov;6(6):461-7.

316 Kremer JM, Lawrence DA, Petrillo GF, et al. Effects of high-dose fish oil on rheumatoid arthritis
after stopping nonsteroidal antiinflammatory drugs. Clinical and immune correlates. Arthritis
Rheumatism 1995; 38:1107-1114.

317 Esperson GT, Grunnet N, Lervang HH, et al. Decreased interleukin-1 beta levels in plasma from
rheumatoid arthritis patients after dietary supplementation with n-3 polyunsaturated fatty acids. Clin
Rheumatol 1992; 11:393-395.

318 Watkins BA, Li Y, Lippman HE, Seifert MF. Omega-3 polyunsaturated fatty acids and skeletal
health. Exp Biol Med (Maywood) 2001 Jun;226(6):485-97.

319 Tidow-Kebritchi S, Mobarhan S. Effects of diets containing fish oil and vitamin E on rheumatoid
arthritis. Nutr Rev 2001 Oct;59(10):335-8.

320 DelLuca P, Rossetti RG, Alavian C, Karim P, Zurier RB. Effects of gammalinolenic acid on
interleukin-1 beta and tumor necrosis factor-alpha secretion by stimulated human peripheral blood
monocytes: studies in vitro and in vivo. J Investig Med. 1999 May;47(5):246-50.



MD+ Joint Support Product Information 61

321 Guardia T, Rotelli AE, Juarez AO, Pelzer LE. Anti-inflammatory properties of plant flavonoids.
Effects of rutin, quercetin and hesperidin on adjuvant arthritis in rat. Farmaco. 2001 Sep;56(9):683-
7.

322 O'Fallon KS, Kaushik D, Michniak-Kohn B, Dunne CP, Zambraski EJ, Clarkson PM. Effects of
guercetin supplementation on markers of muscle damage and inflammation after eccentric exercise.
Int J Sport Nutr Exerc Metab. 2012;22(6):430-437.

323 Teixeira FM, Coelho MN, José-Chagas FDN, et al. Oral treatments with a flavonoid-enriched
fraction from Cecropia hololeuca and with rutin reduce articular pain and inflammation in murine
zymosan-induced arthritis. J Ethnopharmacol. 2020;260:112841. doi:10.1016/j.jep.2020.112841.

324 Teixeira S. Bioflavonoids: proanthocyanidins and quercetin and their potential roles in treating
musculoskeletal conditions. J Orthop Sports Phys Ther 2002 Jul;32(7):357-63.

325 de Pascual-Teresa S, Johnston KL, DuPont MS, et al. Quercetin metabolites downregulate
cyclooxygenase-2 transcription in human lymphocytes ex vivo but not in vivo, J Nutr 134 (2004) (3),
pp. 552-557.

326 Cai X, Bao L, Ding Y, Dai X, Zhang Z, Li Y. Quercetin alleviates cell apoptosis and inflammation
via the ER stress pathway in vascular endothelial cells cultured in high concentrations of
glucosamine. Mol Med Rep. 2017 Feb;15(2):825-832.

327 Pelletier DM, Lacerte G, Goulet ED. Effects of quercetin supplementation on endurance
performance and maximal oxygen consumption: a meta-analysis. Int J Sport Nutr Exerc Metab.
2013 Feb;23(1):73-82.

328 Grewal AK, Singh TG, Sharma D, Sharma V, Singh M, Rahman MH, Najda A, Walasek-Janusz
M, Kamel M, Albadrani GM, Akhtar MF, Saleem A, Abdel-Daim MM. Mechanistic insights and
perspectives involved in neuroprotective action of quercetin. Biomed Pharmacother. 2021
Aug;140:111729. doi: 10.1016/j.biopha.2021.111729. Epub 2021 May 25. PMID: 34044274.

329 Novais EJ, Tran VA, Johnston SN, Darris KR, Roupas AJ, Sessions GA, Shapiro IM, Diekman
BO, Risbud MV. Long-term treatment with senolytic drugs Dasatinib and Quercetin ameliorates age-
dependent intervertebral disc degeneration in mice. Nat Commun. 2021 Sep 3;12(1):5213. doi:
10.1038/s41467-021-25453-2. PMID: 34480023.

330 Hardy ML, Coulter I, Morton SC, et al. S-adenosyl-L-methionine for treatment of depression,
osteoarthritis, and liver disease. Evid Rep Technol Assess (Summ). 2003 Aug;(64):1-3.

331 Gualano M, Stramentinoli G, Berti F. Anti-inflammatory activity of S-adenosyl-L-methionine:
interference with the eicosanoid system. Pharmacol Res Commun. 1983 Jul;15(7):683-96.

332 Caro AA, Cederbaum Al. Antioxidant properties of S-adenosyl-L-methionine in Fe(2+)-initiated
oxidations. Free Radic Biol Med. 2004 May 15;36(10):1303-16.

333 Soeken KL, Lee WL, Bausell RB, Agelli M, Berman BM. Safety and efficacy of S-
adenosylmethionine (SAMe) for osteoarthritis. J Fam Pract. 2002 May;51(5):425-30.

334 Velickovic Z, Pavlov Dolijanovic S, Stojanovic N, Janjic S, Kovacevic L, Soldatovic I, Radunovic
G. The short-term effect of glucosamine-sulfate, nonanimal chondroitin-sulfate, and S-
adenosylmethionine combination on ultrasonography findings, inflammation, pain, and functionality
in patients with knee osteoarthritis: A pilot, double-blind, randomized, placebo-controlled clinical trial.
Arch Rheumatol. 2023 Jul 6;38(4):521-541. doi: 10.46497/ArchRheumatol.2023.9994. PMID:
38125054; PMCID: PMC10728741.

335 Gomes EM, Souto PR, Felzenszwalb |I. Shark-cartilage containing preparation protects cells
against hydrogen peroxide induced damage and mutagenesis. Mutat Res 1996 Apr 6;367(4):204-8.

336 Felzenszwalb I, Pelielo de Mattos JC, Bernardo-Filho M, Caldeira-de-Araujo A. Shark cartilage-
containing preparation: protection against reactive oxygen species. Food Chem Toxicol 1998
Dec;36(12):1079-84.

337 Fontenele JB, Viana GS, Xavier-Filho J, de-Alencar JW. Anti-inflammatory and analgesic activity
of a water-soluble fraction from shark cartilage. Braz J Med Biol Res 1996 May;29(5):643-6.



MD+ Joint Support Product Information 62

338 Fontenele JB, Araujo GB, de Alencar JW, Viana GS. The analgesic and anti-inflammatory effects
of shark cartilage are due to a peptide molecule and are nitric oxide (NO) system dependent. Biol
Pharm Bull 1997 Nov;20(11):1151-4.

339 Carlisle EM. Silicon as a trace nutrient. Sci Total Environ 1988 Jul 1 73:1-2 95-106.

340 Rondanelli M, Faliva MA, Peroni G, Gasparri C, Perna S, Riva A, Petrangolini G, Tartara A.
Silicon: A neglected micronutrient essential for bone health. Exp Biol Med (Maywood). 2021
Jul;246(13):1500-1511. doi: 10.1177/1535370221997072. Epub 2021 Mar 9. PMID: 33715532;
PMCID: PMC8283247.

341 Borchers AT, Keen CL, Stern JS, Gershwin ME. Inflammation and Native American medicine: the
role of botanicals. Am J Clin Nutr 2000 Aug;72(2):339-47.

342 Chainani-Wu N. Safety and anti-inflammatory activity of curcumin: a component of tumeric
(Curcuma longa). J Altern Complement Med. 2003 Feb;9(1):161-8.

343 Shehzad A, Rehman G, Lee YS. Curcumin in inflammatory diseases. Biofactors. 2013 Jan-
Feb;39(1):69-77.

344 Panahi Y, Hosseini MS, Khalili N, Naimi E, Majeed M, Sahebkar A. Antioxidant and anti-
inflammatory effects of curcuminoid-piperine combination in subjects with metabolic syndrome: A
randomized controlled trial and an updated meta-analysis. Clin Nutr. 2015 Dec;34(6):1101-8.

345 Kocaadam B, Sanlier N. Curcumin, an active component of turmeric (Curcuma longa), and its
effects on health. Crit Rev Food Sci Nutr 2017;57:2889-95. 10.1080/10408398.2015.1077195.

346 Catanzaro M, Corsini E, Rosini M, Racchi M, Lanni C. Immunomodulators Inspired by Nature: A
Review on Curcumin and Echinacea. Molecules. 2018 Oct 26;23(11):2778. doi:
10.3390/molecules23112778.

347 Fang W, Nasir Y. The effect of curcumin supplementation on recovery following exercise-induced
muscle damage and delayed-onset muscle soreness: A systematic review and meta-analysis of
randomized controlled trials. Phytother Res. 2020 Nov 10. doi: 10.1002/ptr.6912. Epub ahead of
print. PMID: 33174301.

348 Ms SAB, Waldman PhD HS, Krings PhD BM, Lamberth PhD J, Smith PhD JW, McAllister PhD
MJ. Effect of Curcumin Supplementation on Exercise-Induced Oxidative Stress, Inflammation,
Muscle Damage, and Muscle Soreness. J Diet Suppl. 2020;17(4):401-414. doi:
10.1080/19390211.2019.1604604. Epub 2019 Apr 26. PMID: 31025894.

349 Hillman AR, Gerchman A, O'Hora E. Ten Days of Curcumin Supplementation Attenuates
Subjective Soreness and Maintains Muscular Power Following Plyometric Exercise. J Diet Suppl.
2021 Jan 22:1-15. doi: 10.1080/19390211.2021.1875101. Epub ahead of print. PMID: 33480271.

350 Nanavati K, Rutherfurd-Markwick K, Lee SJ, Bishop NC, Ali A. Effect of curcumin
supplementation on exercise-induced muscle damage: a narrative review. Eur J Nutr. 2022
Dec;61(8):3835-3855. doi: 10.1007/s00394-022-02943-7. Epub 2022 Jul 13. PMID: 35831667,
PMCID: PMC9596560.

351 Satoskar RR, Shah SJ, Shenoy SG. Evaluation of anti-inflammatory property of curcumin
(diferuloyl methane) in patients with postoperative inflammation. Int J Clin Pharmacol Ther Toxicol.
1986; 24(12):651-4.

352 Daily JW, Yang M, Park S. Efficacy of Turmeric extracts and curcumin for alleviating the
symptoms of joint arthritis: a systematic review and meta-analysis of randomized clinical trials. J
Med Food 2016;19:717-29. 10.1089/jmf.2016.3705.

353 Fernandez-Lazaro D, Mielgo-Ayuso J, Seco Calvo J, Cérdova Martinez A, Caballero Garcia A,
Fernandez-Lazaro CIl. Modulation of Exercise-Induced Muscle Damage, Inflammation, and
Oxidative Markers by Curcumin Supplementation in a Physically Active Population: A Systematic
Review. Nutrients. 2020 Feb 15;12(2):501. doi: 10.3390/nu12020501. PMID: 32075287; PMCID:
PMC7071279.

354 Paultre K, Cade W, Hernandez D, Reynolds J, Greif D, Best TM. Therapeutic effects of turmeric
or curcumin extract on pain and function for individuals with knee osteoarthritis: a systematic review.



MD+ Joint Support Product Information 63

BMJ Open Sport Exerc Med. 2021 Jan 13;7(1):e000935. doi: 10.1136/bmjsem-2020-000935. PMID:
33500785; PMCID: PMC7812094.

355 Shokri-Mashhadi N, Bagherniya M, Askari G, Sathyapalan T, Sahebkar A. A Systematic Review
of the Clinical Use of Curcumin for the Treatment of Osteoarthritis. Adv Exp Med Biol.
2021;1291:265-282. doi: 10.1007/978-3-030-56153-6_16. PMID: 34331696.

356 Cordova A, Drobnic F, Noriega-Gonzalez D, Caballero-Garcia A, Roche E, Alvarez-Mon M. Is
Curcumine Useful in the Treatment and Prevention of the Tendinopathy and Myotendinous Junction
Injury? A Scoping Review. Nutrients. 2023 Jan 12;15(2):384. doi: 10.3390/nu15020384. PMID:
36678255; PMCID: PMC9860696.

357 Phan TT, See P, Lee ST, Chan SY. Protective effects of curcumin against oxidative damage on
skin cells in vitro: its implication for wound healing. J Trauma. 2001 Nov;51(5):927-31.

358 Yaoming Li, Jing Wang, Yinchuan Liu, Xiang Luo, Weigiang Lei, Lilan Xie. Antiviral and virucidal
effects of curcumin on transmissible gastroenteritis virus in vitro. Journal of General Virology, 2020;
DOI: 10.1099/jgv.0.001466

359 Zeng X, Cai D, Zeng Q, Chen Z, Zhong G, Zhuo J, Gan H, Huang X, Zhao Z, Yao N, Huang D,
Zhang C, Sun D, Chen Y. Selective reduction in the expression of UGTs and SULTSs, a novel
mechanism by which piperine enhances the bioavailability of curcumin in rat. Biopharm Drug
Dispos. 2017 Jan;38(1):3-19.

360 Wang R, Han J, Jiang A, Huang R, Fu T, Wang L, Zheng Q, Li W, Li J. Involvement of
metabolism-permeability in enhancing the oral bioavailability of curcumin in excipient-free solid
dispersions co-formed with piperine. Int J Pharm. 2019 Apr 20;561:9-18.

361 Panahi Y, Hosseini MS, Khalili N, Naimi E, Majeed M, Sahebkar A. Antioxidant and anti-
inflammatory effects of curcuminoid-piperine combination in subjects with metabolic syndrome: A
randomized controlled trial and an updated meta-analysis. Clin Nutr. 2015 Dec;34(6):1101-8.

362 Singh S, Kumar P. Neuroprotective Activity of Curcumin in Combination with Piperine against
Quinolinic Acid Induced Neurodegeneration in Rats. Pharmacology. 2016;97(3-4):151-60.

363 Son EW, Mo SJ, Rhee DK, Pyo S. Vitamin C blocks TNF-alpha-induced NF-kappaB activation
and ICAM-1 expression in human neuroblastoma cells. Arch Pharm Res. 2004 Oct;27(10):1073-9.

364 Jakeman P, Maxwell S. Effect of antioxidant vitamin supplementation on muscle function after
eccentric exercise. European Journal of Applied Physiology 1993; 67:426-30.

365 Hujoel PP, Hujoel MLA. Vitamin C and scar strength: analysis of a historical trial and implications
for collagen-related pathologies. Am J Clin Nutr. 2021 Aug 16:ngab262. doi: 10.1093/ajcn/nqab262.
Epub ahead of print. PMID: 34396385.

366 Parra M, Stahl S, Hellmann H. Vitamin B6 and Its Role in Cell Metabolism and Physiology. Cells.
2018 Jul 22;7(7):84. doi: 10.3390/cells7070084.

367 Bingjun Qian, Shangi Shen, Jianhua Zhang, Pu Jing Effects of Vitamin B6 Deficiency on the
Composition and Functional Potential of T Cell Populations J Immunol Res. 2017; 2017: 2197975.
Published online 2017 Mar 6. doi: 10.1155/2017/2197975

368 Hunt A, Harrington D, Robinson S. Vitamin B12 deficiency. BMJ. 2014 Sep 4;349:95226.

369 Green R, Allen LH, Bjgrke-Monsen AL, Brito A, Guéant JL, Miller JW, Molloy AM, Nexo E,
Stabler S, Toh BH, Ueland PM, Yajnik C. Vitamin B12 deficiency. Nat Rev Dis Primers. 2017 Jun
29:3:17040.

370 Grasbeck R. Hooked to vitamin B12 since 1955: a historical perspective. Biochimie. 2013
May;95(5):970-5.

371 Malouf R, Areosa Sastre A. Vitamin B12 for cognition. Cochrane Database Syst Rev
2003;(3):CD004326.

372 Bottiglieri T. Folate, vitamin B12, and neuropsychiatric disorders. Nutr Rev 1996;54:382-90.

373 Boxmeer JC, Smit M, Weber RF, Lindemans J, Romijn JC, Eijkemans MJ, Macklon NS,
Steegers-Theunissen RP. Seminal plasma cobalamin significantly correlates with sperm
concentration in men undergoing IVF or ICSI procedures. J Androl. 2007 Jul-Aug;28(4):521-7.



MD+ Joint Support Product Information 64

374 Watanabe T, Ohkawa K, Kasai S, Ebara S, Nakano Y, Watanabe Y. The effects of dietary
vitamin B12 deficiency on sperm maturation in developing and growing male rats. Congenit Anom
(Kyoto). 2003 Mar;43(1):57-64.

375 Kawata T, Tamiki A, Tashiro A, Suga K, Kamioka S, Yamada K, Wada M, Tanaka N, Tadokoro
T, Maekawa A. Effect of vitamin B12-deficiency on testicular tissue in rats fed by pair-feeding. Int J
Vitam Nutr Res. 1997;67(1):17-21.

376 Kawata T, Takada T, Morimoto F, Fujimoto N, Tanaka N, Yamada K, Wada M, Tadokoro T,
Maekawa A. Effects of vitamin B12-deficiency on testes tissue in rats. J Nutr Sci Vitaminol (Tokyo).
1992 Aug;38(4):305-16.

377 Jatoi S, Hafeez A, Riaz SU, Ali A, Ghauri MI, Zehra M. Low Vitamin B12 Levels: An
Underestimated Cause Of Minimal Cognitive Impairment And Dementia. Cureus. 2020 Feb
13;12(2):e6976. doi: 10.7759/cureus.6976. PMID: 32206454.

378 Quadros EV. Advances in the understanding of cobalamin assimilation and metabolism. Br J
Haematol. 2010 Jan;148(2):195-204.

379 Kozyraki R, Cases O. Vitamin B12 absorption: mammalian physiology and acquired and inherited
disorders. Biochimie. 2013 May;95(5):1002-7.

380 Buvat DR. Use of metformin is a cause of vitamin B12 deficiency. Am Fam Physician
2004;69:264.

381 Kapadia CR. Vitamin B12 in health and disease: part I--inherited disorders of function,
absorption, and transport. Gastroenterologist. 1995 Dec;3(4):329-44.

382 Woo KS, Kwok TC, Celermajer DS. Vegan diet, subnormal vitamin B-12 status and
cardiovascular health. Nutrients. 2014 Aug 19;6(8):3259-73.

383 Hunt A, Harrington D, Robinson S. Vitamin B12 deficiency. BMJ. 2014 Sep 4,;349:95226.

384 Venderley AM, Campbell WW. Vegetarian diets: nutritional considerations for athletes. Sports
Med. 2006;36(4):293-305.

385 Herrmann M, Obeid R, Scharhag J, Kindermann W, Herrmann W. Altered vitamin B12 status in
recreational endurance athletes. Int J Sport Nutr Exerc Metab. 2005 Aug;15(4):433-41.

386 Baltaci D, Kutlucan A, Turker Y, Yilmaz A, Karacam S, Deler H, Ucgun T, Kara IH. Association of
vitamin B12 with obesity, overweight, insulin resistance and metabolic syndrome, and body fat
composition; primary care-based study. Med Glas (Zenica). 2013 Aug;10(2):203-10.

387 Knight BA, Shields BM, Brook A, Hill A, Bhat DS, Hattersley AT, Yajnik CS. Lower Circulating
B12 Is Associated with Higher Obesity and Insulin Resistance during Pregnancy in a Non-Diabetic
White British Population. PLoS One. 2015 Aug 19;10(8):e0135268. doi:
10.1371/journal.pone.0135268. eCollection 2015.

388 Al-Daghri NM, Rahman S, Sabico S, Yakout S, Wani K, Al-Attas OS, Saravanan P, Tripathi G,
McTernan PG, Alokail MS. Association of Vitamin B12 with Pro-Inflammatory Cytokines and
Biochemical Markers Related to Cardiometabolic Risk in Saudi Subjects. Nutrients. 2016 Sep
6;8(9).

389 Shen L, Ji HF. Associations between Homocysteine, Folic Acid, Vitamin B12 and Alzheimer's
Disease: Insights from Meta-Analyses. J Alzheimers Dis. 2015;46(3):777-90.

390 Michels KB, Binder AM. Impact of folic acid supplementation on the epigenetic profile in healthy
unfortified individuals - a randomized intervention trial. Epigenetics. 2024 Dec;19(1):2293410. doi:
10.1080/15592294.2023.2293410. Epub 2023 Dec 14. PMID: 38096372; PMCID: PMC10730197.

391 Rondanelli M, Faliva MA, Peroni G, Infantino V, Gasparri C, lannello G, Perna S, Riva A,
Petrangolini G, Tartara A. Pivotal role of boron supplementation on bone health: A narrative review.
J Trace Elem Med Biol. 2020 Dec;62:126577. doi: 10.1016/j.jtemb.2020.126577. Epub 2020 Jun 6.
PMID: 32540741.

392 Erikson KM, Aschner M. Manganese: Its Role in Disease and Health. Met lons Life Sci. 2019 Jan
14;19:/books/9783110527872/9783110527872-016/9783110527872-016.xml. doi:
10.1515/9783110527872-016. PMID: 30855111.



MD+ Joint Support Product Information 65

393 Kieffer F. (Trace elements: their importance for health and physical performance.) Deutsche
Zeitschrift fuer Sportmedizin 1986;37(4):118-123.

394 Oteiza PI, Olin KL, Fraga CG, Keen CL. Zinc deficiency causes oxidative damage to proteins,
lipids and DNA in rat testes. J Nutr 1995;125(4):823-9.

395 Fallah A, Mohammad-Hasani A, Colagar AH. Zinc is an Essential Element for Male Fertility: A
Review of Zn Roles in Men's Health, Germination, Sperm Quality, and Fertilization. J Reprod Infertil.
2018 Apr-Jun;19(2):69-81. PMID: 30009140; PMCID: PMC6010824.

396 Bonaventura P, Benedetti G, Albaréde F, Miossec P. Zinc and its role in immunity and
inflammation. Autoimmun Rev. 2015 Apr;14(4):277-85.

397 Maares M, Haase H. Zinc and immunity: An essential interrelation. Arch Biochem Biophys. 2016
Dec 1;611:58-65.

398 Zhang J, Xie B, Hashimoto K. Current status of potential therapeutic candidates for the COVID-
19 crisis. Brain Behav Immun. 2020 Apr 22. pii: S0889-1591(20)30589-4. doi:
10.1016/j.bbi.2020.04.046. [Epub ahead of print]

399 Skalny AV, Rink L, Ajsuvakova OP, Aschner M, Gritsenko VA, Alekseenko SI, Svistunov AA,
Petrakis D, Spandidos DA, Aaseth J, Tsatsakis A, Tinkov AA. Zinc and respiratory tract infections:
Perspectives for COVID-19 (Review). Int J Mol Med. 2020 Apr 14. doi: 10.3892/ijmm.2020.4575.
[Epub ahead of print]

400 Prasad AS. Zinc deficiency in women, infants and children. Journal of the American College of
Nutrition 1996;15(2):113-20.

401 Cordova A, Alvarez-Mon M. Behaviour of zinc in physical exercise: a special reference to
immunity and fatigue. Neuroscience & Biobehavioral Reviews 1995;19(3):439-45.

402 Lukaski HC: Low dietary zinc decreases erythrocyte carbonic anhydrase activities and impairs
cardiorespiratory function in men during exercise. Am J Clin Nutr 2005; 81: 1045-1051.

403 Hsu JM. Zinc deficiency and alterations of free amino acid levels in plasma, urine and skin
extract. Progress in Clinical & Biological Research 1977;14:73-86.

404 Dorup |, Flyvbjerg A, Everts ME, Clausen T. Role of insulin-like growth factor-1 and growth
hormone in growth inhibition induced by magnesium and zinc deficiencies. British Journal of
Nutrition 1991;66(3):505-21.

405 Ghavami-Maibodi Sz, Collipp PJ, Castro-Magana M, Stewart C and Chen SY. Effect of oral zinc
supplements on growth, hormonal levels and zinc in healthy short children. Ann Nutr Metab
1983;273:214-219.

406 Hartoma TR, Nahoul K, Netter A. Zinc, plasma androgens and male sterility. Lancet
1977;2:1125-1126.

407 Hunt CD, Johnson PE, Herbel J, Mullen LK. Effects of dietary zinc depletion on seminal volume
of zinc loss, serum testosterone concerntrations and sperm morphology in young men. Am J Clin
Nutr 1992;56(1):148-157.

408 Kara E, Gunay M, Cicioglu I, Ozal M, Kilic M, Mogulkoc R, Baltaci AK. Effect of zinc
supplementation on antioxidant activity in young wrestlers. Biol Trace Elem Res. 2010
Apr;134(1):55-63.

409 Marreiro DN, Geloneze B, Tambascia MA, Lerario AC, Halpern A, Cozzolino SM. [Participation of
zinc in insulin resistance] Arq Bras Endocrinol Metabol. 2004;48(2):234-9.

410 Santos HO, Teixeira FJ. Use of medicinal doses of zinc as a safe and efficient coadjutant in the
treatment of male hypogonadism. Aging Male. 2020 Dec;23(5):669-678. doi:
10.1080/13685538.2019.1573220. Epub 2019 Feb 15. PMID: 30767598.

411 Qu X, He Z, Qiao H, Zhai Z, Mao Z, Yu Z, Dai K. Serum copper levels are associated with bone
mineral density and total fracture. J Orthop Translat. 2018 May 31;14:34-44. doi:
10.1016/}.jot.2018.05.001. PMID: 30035031; PMCID: PMC6034109.

412 Rude RK, Singer FR, Gruber HE. Skeletal and hormonal effects of magnesium deficiency. J Am
Coll Nutr. 2009;28(2):131-41.



MD+ Joint Support Product Information 66

413 Veronese N, Stubbs B, Solmi M, Noale M, Vaona A, Demurtas J, Maggi S. Dietary magnesium
intake and fracture risk: data from a large prospective study. Br J Nutr. 2017 Jun;117(11):1570-
1576.

414 Rondanelli M, Faliva MA, Tartara A, Gasparri C, Perna S, Infantino V, Riva A, Petrangolini G,
Peroni G. An update on magnesium and bone health. Biometals. 2021 Aug;34(4):715-736. doi:
10.1007/s10534-021-00305-0. Epub 2021 May 6. PMID: 33959846; PMCID: PMC8313472.

415 Belluci MM, de Molon RS, Rossa C Jr, Tetradis S, Giro G, Cerri PS, Marcantonio E Jr, Orrico
SRP. Severe magnesium deficiency compromises systemic bone mineral density and aggravates
inflammatory bone resorption. J Nutr Biochem. 2019 Nov 26;77:108301. doi:
10.1016/j.jnutbio.2019.108301. [Epub ahead of print]

416 Lelovics Z. Relation between calcium and magnesium intake and obesity. Asia Pac J Clin Nutr.
2004;13(Suppl):S144.

417 Razzaque MS. Magnesium: Are We Consuming Enough? Nutrients. 2018 Dec 2;10(12).

418 Rayssiguier Y, Mazur A. R [Magnesium and inflammation:lessons from animal models.] Clin
Calcium. 2005;15(2):245-248.

419 Maier JA, Malpuech-Brugere C, Zimowska W, Rayssiguier Y, Mazur A. Low magnesium
promotes endothelial cell dysfunction: implications for atherosclerosis, inflammation and thrombosis.
Biochim Biophys Acta. 2004 May 24;1689(1):13-21.

420 Seelig MS. Consequences of magnesium deficiency on the enhancement of stress reactions;
preventive and therapeutic implications (a review). J Am Coll Nutr. 1994 Oct;13(5):429-46.

421 Nielsen FH, Lukaski HC.Update on the relationship between magnesium and exercise. Magnes
Res. 2006 Sep;19(3):180-9.

422 Volpe SL. Magnesium and the Athlete. Curr Sports Med Rep. 2015 Jul-Aug;14(4):279-83. doi:
10.1249/JSR.0000000000000178. PMID: 26166051.

423 Maggio M, De Vita F, Lauretani F, Nouvenne A, Meschi T, Ticinesi A, Dominguez LJ, Barbagallo
M, Dall'aglio E, Ceda GP. The Interplay between Magnesium and Testosterone in Modulating
Physical Function in Men. Int J Endocrinol. 2014;2014:525249. doi: 10.1155/2014/525249. Epub
2014 Mar 3. PMID: 24723948; PMCID: PMC3958794.

424 Liu Y, Wang Q, Zhang Z, Fu R, Zhou T, Long C, He T, Yang D, Li Z, Peng S. Magnesium
supplementation enhances mTOR signalling to facilitate myogenic differentiation and improve aged
muscle performance. Bone. 2021 May;146:115886. doi: 10.1016/j.bone.2021.115886. Epub 2021
Feb 14. PMID: 33592327.

425 Setaro L, Santos-Silva PR, Nakano EY, Sales CH, Nunes N, Greve JM, Colli C.Magnesium
status and the physical performance of volleyball players: effects of magnesium supplementation. J
Sports Sci. 2014;32(5):438-45.

426 Santos DA, Matias CN, Monteiro CP, Silva AM, Rocha PM, Minderico CS, Bettencourt Sardinha
L, Laires MJ. Magnesium intake is associated with strength performance in elite basketball, handball
and volleyball players. Magnes Res. 2011 Dec;24(4):215-9.

427 Garrison SR, Allan GM, Sekhon RK, Musini VM, Khan KM. Magnesium for skeletal muscle
cramps. Cochrane Database Syst Rev. 2012 Sep 12;9:CD009402.

428 Cérdova A, Mielgo-Ayuso J, Roche E, Caballero-Garcia A, Fernandez-Lazaro D. Impact of
Magnesium Supplementation in Muscle Damage of Professional Cyclists Competing in a Stage
Race. Nutrients. 2019 Aug 16;11(8). pii: E1927.

429 Maggio M, De Vita F, Lauretani F, Nouvenne A, Meschi T, Ticinesi A, Dominguez LJ, Barbagallo
M, Dall'aglio E, Ceda GP. The Interplay between Magnesium and Testosterone in Modulating
Physical Function in Men. Int J Endocrinol. 2014;2014:525249.

430 Maggio M, Ceda GP, Lauretani F, Cattabiani C, Avantaggiato E, Morganti S, Ablondi F,
Bandinelli S, Dominguez LJ, Barbagallo M, Paolisso G, Semba RD, Ferrucci L. Magnesium and
anabolic hormones in older men. Int J Androl. 2011 Dec;34(6 Pt 2):e594-600.



MD+ Joint Support Product Information 67

431 Cinar V, Polat Y, Baltaci AK, Mogulkoc R. Effects of magnesium supplementation on
testosterone levels of athletes and sedentary subjects at rest and after exhaustion. Biol Trace Elem
Res. 2011 Apr;140(1):18-23. doi: 10.1007/s12011-010-8676-3. Epub 2010 Mar 30. PMID:
20352370.

432 Koehler K, Parr MK, Geyer H, Mester J, Schanzer W. Serum testosterone and urinary excretion
of steroid hormone metabolites after administration of a high-dose zinc supplement. Eur J Clin Nutr.
2009 Jan;63(1):65-70.

433 Zhang P, Liang X, Shan T, Jiang Q, Deng C, Zheng R, Kuang S. mTOR is necessary for proper
satellite cell activity and skeletal muscle regeneration. Biochem Biophys Res Commun. 2015 Jul 17-
24;463(1-2):102-8. doi: 10.1016/j.bbrc.2015.05.032. Epub 2015 May 18. PMID: 25998386; PMCID:
PMC4484853.

434 Liu Y, Wang Q, Zhang Z, Fu R, Zhou T, Long C, He T, Yang D, Li Z, Peng S. Magnesium
supplementation enhances mTOR signalling to facilitate myogenic differentiation and improve aged
muscle performance. Bone. 2021 May;146:115886. doi: 10.1016/j.bone.2021.115886. Epub 2021
Feb 14. PMID: 33592327.

435 Engstrom K, Wallin R, Saldeen T. Effect of low-dose aspirin in combination with stable fish oil on
whole blood production of eicosanoids. Prostaglandins Leukot Essent Fatty Acids 2001
Jun;64(6):291-7.

436 Cheeke PR, Piacente S, Oleszek W. Anti-inflammatory and anti-arthritic effects of Yucca
schidigera: a review. J Inflamm (Lond). 2006 Mar 29;3:6.

437 Aoi W, Naito Y, Takanami Y, Ishii T, Kawai Y, Akagiri S, Kato Y, Osawa T, Yoshikawa T.
Astaxanthin improves muscle lipid metabolism in exercise via inhibitory effect of oxidative CPT |
modification. Biochem Biophys Res Commun. 2008 Feb 22;366(4):892-7.

438 Djordjevic B, Baralic |, Kotur-Stevuljevic J, Stefanovic A, Ivanisevic J, Radivojevic N, Andjelkovic
M, Dikic N. Effect of astaxanthin supplementation on muscle damage and oxidative stress markers
in elite young soccer players. J Sports Med Phys Fitness. 2012 Aug;52(4):382-92.

439 Earnest CP, Lupo M, White KM, Church TS. Effect of astaxanthin on cycling time trial
performance. Int J Sports Med. 2011 Nov;32(11):882-8.

440 Fassett RG, Coombes JS. Astaxanthin: a potential therapeutic agent in cardiovascular disease.
Mar Drugs. 2011 Mar 21;9(3):447-65.

441 Ikeuchi M, Koyama T, Takahashi J, Yazawa K. Effects of astaxanthin supplementation on
exercise-induced fatigue in mice. Biol Pharm Bull. 2006 Oct;29(10):2106-10.

442 Liu PH, Aoi W, Takami M, Terajima H, Tanimura Y, Naito Y, Itoh Y, Yoshikawa T. The
astaxanthin-induced improvement in lipid metabolism during exercise is mediated by a PGC-1a
increase in skeletal muscle. J Clin Biochem Nutr. 2014 Mar;54(2):86-9.

443 Polotow TG, Vardaris CV, Mihaliuc AR, Gongalves MS, Pereira B, Ganini D, Barros
MP.Astaxanthin supplementation delays physical exhaustion and prevents redox imbalances in
plasma and soleus muscles of Wistar rats. Nutrients. 2014 Dec 12;6(12):5819-38.

444 Yuan JP, Peng J, Yin K, Wang JH. Potential health-promoting effects of astaxanthin: a high-value
carotenoid mostly from microalgae. Mol Nutr Food Res. 2011 Jan;55(1):150-65.

445 Maezawa T, Tanaka M, Kanazashi M, Maeshige N, Kondo H, Ishihara A, Fujino H. Astaxanthin
supplementation attenuates immobilization-induced skeletal muscle fibrosis via suppression of
oxidative stress. J Physiol Sci. 2016 Oct 6. [Epub ahead of print]

446 Kanazashi M, Tanaka M, Murakami S, Kondo H, Nagatomo F, Ishihara A, Roy RR, Fujino H.
Amelioration of capillary regression and atrophy of the soleus muscle in hindlimb-unloaded rats by
astaxanthin supplementation and intermittent loading. Exp Physiol. 2014 Aug;99(8):1065-77.

447 Aoi W, Naito Y, Yoshikawa T. Potential role of oxidative protein modification in energy
metabolism in exercise. Subcell Biochem. 2014;77:175-87.

448 Choi HD, Kim JH, Chang MJ, Kyu-Youn Y, Shin WG. Effects of astaxanthin on oxidative stress in
overweight and obese adults. Phytother Res. 2011 Dec;25(12):1813-8.



MD+ Joint Support Product Information 68

449 Choi HD, Youn YK, Shin WG. Positive effects of astaxanthin on lipid profiles and oxidative stress
in overweight subjects. Plant Foods Hum Nutr. 2011 Nov;66(4):363-9.

450 Baralic |, Djordjevic B, Dikic N, Kotur-Stevuljevic J, Spasic S, Jelic-lvanovic Z, Radivojevic N,
Andjelkovic M, Pejic S. Effect of astaxanthin supplementation on paraoxonase 1 activities and
oxidative stress status in young soccer players. Phytother Res. 2013 Oct;27(10):1536-42.

451 Visioli F, Artaria C. Astaxanthin in cardiovascular health and disease: mechanisms of action,
therapeutic merits, and knowledge gaps. Food Funct. 2017 Jan 25;8(1):39-63.

452 Kishimoto Y, Yoshida H, Kondo K. Potential Anti-Atherosclerotic Properties of Astaxanthin.

Mar Drugs. 2016 Feb 5;14(2).

453 Lin KH, Lin KC, Lu WJ, Thomas PA, Jayakumar T, Sheu JR. Astaxanthin, a Carotenoid,
Stimulates Immune Responses by Enhancing IFN-y and IL-2 Secretion in Primary Cultured
Lymphocytes in Vitro and ex Vivo.Int J Mol Sci. 2015 Dec 29;17(1):44. doi: 10.3390/ijms17010044.

454 Wu H, Niu H, Shao A, Wu C, Dixon BJ, Zhang J, Yang S, Wang Y. Astaxanthin as a Potential
Neuroprotective Agent for Neurological Diseases. Mar Drugs. 2015 Sep 11;13(9):5750-66.

455 Zhang L, Wang H. Multiple Mechanisms of Anti-Cancer Effects Exerted by Astaxanthin. Mar
Drugs. 2015 Jul 14;13(7):4310-30.

456 Lee J, Kim MH, Kim H. Anti-Oxidant and Anti-Inflammatory Effects of Astaxanthin on
Gastrointestinal Diseases. Int J Mol Sci. 2022 Dec 7;23(24):15471. doi: 10.3390/ijms232415471.
PMID: 36555112; PMCID: PMC9779521.

457 Wolf AM, Asoh S, Hiranuma H, Ohsawa |, lio K, Satou A, Ishikura M, Ohta S. Astaxanthin
protects mitochondrial redox state and functional integrity against oxidative stress. J Nutr Biochem.
2010 May;21(5):381-9.

458 Comhaire FH, El Garem Y, Mahmoud A, Eertmans F, Schoonjans F. Combined
conventional/antioxidant "Astaxanthin” treatment for male infertility: a double blind, randomized trial.
Asian J Androl. 2005 Sep;7(3):257-62.

459 Grimmig B, Kim SH, Nash K, Bickford PC, Douglas Shytle R. Neuroprotective mechanisms of
astaxanthin: a potential therapeutic role in preserving cognitive function in age and
neurodegeneration. Geroscience. 2017 Feb;39(1):19-32.

460 Satoa F, Omuraa T, Ishimarua M, Endoa Y, Murasea H, Yamashitab E. Effects of Daily
Astaxanthin and L-Carnitine Supplementation for Exercise-Induced Muscle Damage in Training
Thoroughbred Horses Journal of Equine Veterinary Science Volume 35, Issue 10, October 2015,
Pages 836-842.

461 Shoba G, Joy D, Joseph T, Majeed M, Rajendran R, Srinivas PS. Influence of piperine on the
pharmacokinetics of curcumin in animals and human volunteers. Planta Med. 1998 May;64(4):353-
6.

462 Suresh D, Srinivasan K. Tissue distribution & elimination of capsaicin, piperine & curcumin
following oral intake in rats. Indian J Med Res. 2010 May;131:682-91.

463 Badmaev V, Majeed M, Prakash L, Norkus EP. Piperine. An Alkaloid Derived From Black
Pepper, Increases Serum Response Of Beta-Carotene During 14-Days Of Oral Beta-Carotene
Supplementation Nutrition Research (1999) 19(3) 381-388.

464 Badmaev V, Majeed M, Prakash L. Piperine derived from black pepper increases the plasma
levels of coenzyme Q10 following oral supplementation. J Nutr Biochem. 2000 Feb;11(2):109-13.

465 Duangjai A, Ingkaninan K, Praputbut S, Limpeanchob N. Black pepper and piperine reduce
cholesterol uptake and enhance translocation of cholesterol transporter proteins. J Nat Med. 2013
Apr;67(2):303-10.

466 Khajuria A, Thusu N, Zutshi U. Piperine modulates permeability characteristics of intestine by
inducing alterations in membrane dynamics: influence on brush border membrane fluidity,
ultrastructure and enzyme kinetics. Phytomedicine. 2002 Apr;9(3):224-31.

467 Vijayakumar RS, Surya D, Nalini N. Antioxidant efficacy of black pepper (Piper nigrum L.) and
piperine in rats with high fat diet induced oxidative stress. Redox Rep. 2004;9(2):105-10.



MD+ Joint Support Product Information 69

468 Park UH, Jeong HS, Jo EY, Park T, Yoon SK, Kim EJ, Jeong JC, Um SJ. Piperine, a component
of black pepper, inhibits adipogenesis by antagonizing PPAR? activity in 3T3-L1 cells. J Agric Food
Chem. 2012 Apr 18;60(15):3853-60.

469 Meghwal M, Goswami TK.Piper nigrum and piperine: an update. Phytother Res. 2013
Aug;27(8):1121-30.

470 Srinivasan K.Black pepper and its pungent principle-piperine: a review of diverse physiological
effects. Crit Rev Food Sci Nutr. 2007;47(8):735-48.

471 Chonpathompikunlert P, Wattanathorn J, Muchimapura S. Piperine, the main alkaloid of Thai
black pepper, protects against neurodegeneration and cognitive impairment in animal model of
cognitive deficit like condition of Alzheimer's disease. Food Chem Toxicol. 2010 Mar;48(3):798-802.

472 Kanijilal S, Gupta AK, Patnaik RS, Dey A. Analysis of Clinical Trial Registry of India for Evidence
of Anti-Arthritic Properties of Withania somnifera (Ashwagandha). Altern Ther Health Med. 2021
Nov;27(6):58-66. PMID: 34144529,

473 Orru A, Marchese G, Ruiu S. Alkaloids in Withania somnifera (L.) Dunal Root Extract Contribute
to Its Anti-Inflammatory Activity. Pharmacology. 2023 Feb 8:1-7. doi: 10.1159/000527656. Epub
ahead of print. PMID: 36754044.

474 Khan B, Ahmad SF, Bani S, Kaul A, Suri KA, Satti NK, Athar M, Qazi GN. Augmentation and
proliferation of T lymphocytes and Th-1 cytokines by Withania somnifera in stressed mice. Int
Immunopharmacol. 2006 Sep;6(9):1394-403.

475 Davis L, Kuttan G. Effect of Withania somnifera on cytokine production in normal and
cyclophosphamide treated mice. Immunopharmacol Immunotoxicol. 1999 Nov;21(4):695-703.

476 Sumantran VN, Chandwaskar R, Joshi AK, Boddul S, Patwardhan B, Chopra A, Wagh UV. The
relationship between chondroprotective and antiinflammatory effects of Withania somnifera root and
glucosamine sulphate on human osteoarthritic cartilage in vitro. Phytother Res. 2008
Oct;22(10):1342-8.

477 Wankhede S, Langade D, Joshi K, Sinha SR, Bhattacharyya S. Examining the effect of Withania
somnifera supplementation on muscle strength and recovery: a randomized controlled trial. J Int Soc
Sports Nutr. 2015 Nov 25;12:43.

478 Khan MA, Ahmed RS, Chandra N, Arora VK, Ali A. In vivo, Extract from Withania somnifera Root
Ameliorates Arthritis via Regulation of Key Immune Mediators of Inflammation in Experimental
Model of Arthritis. Antiinflamm Antiallergy Agents Med Chem. 2019;18(1):55-70.

479 Ziegenfuss TN, Kedia AW, Sandrock JE, Raub BJ, Kerksick CM, Lopez HL. Effects of an
Aqueous Extract of Withania somnifera on Strength Training Adaptations and Recovery: The STAR
Trial. Nutrients. 2018 Nov 20;10(11). pii: E1807.




