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Technical Issues & Clinical Questions

Please type any technical issue or clinical 
question into either the “Chat” or 
“Questions” boxes, making sure to send them 
to “Organizer” at any time during 
the webinar.  

We will be compiling your clinical questions 
and answering as many as we can the final 15 
minutes of the webinar.  

DISCLAIMER: Please note that any and all emails provided may be used for 
follow up correspondence and/or for further communication.



Need More Resources? 

Explore

WWW.GDX.NET 
for more information and 

educational resources, including… 

LEARN GDX – Brief video modules
LIVE GDX – Previous webinar recordings

GI University – Focused learning modules
________

MY GDX – Order materials and get results
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• Help clinicians understand practical differences 
between "natural" and "synthetic" vitamin 
compounds and distinguish when those 
differences matter clinically

• Clear up confusion about many marketing terms 
used to promote vitamins that are often false or 
misleading

• Discuss why some bioavailability changes of 
nutrients (including phytonutrients) alter their 
efficacy, while others do not

Objectives for This Presentation



Foods vs Supplements
Is this a fair fight?



The Basic Premise of Nutrient Supplementation

• Nutrients delivered outside of their food matrices differ from those within natural 
food matrices (this can be an advantage or disadvantage depending on nutrient, 
food or subject)

• Most dietary supplement products include additional ingredients that allow for 
quality and dose control- these can be deemed “unnatural” by some

• Bottom line: Nearly all “supplementation” requires some “compromise” and is not 
purely “natural”





• What is the difference between a “vitamin” 
that is found in nature and its “synthetic” 
analog?

• Is there evidence to suggest that 
supplementing with “natural” vitamins is 
better or different?

Photo Credit: Natural Vitamins vs. Synthetic Vitamins – DVD.



“Natural and “Synthetic” - What definition do we use?

• A “natural” vitamin (or mineral) are those which are found (unmodified) in nature 
and are delivered in the food itself, or by concentrating (or isolation) from the 
natural source of that nutrient

• “Synthetic” is everything else

• Most so-called “synthetics” are bio-identical or bio-equivalent molecules derived 
from other “naturally” sourced ingredients



Fortified Foods - Confusing the definition of “food-derived”

Photo Credit: https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5931a2.htm

Folate Fortification of flour



Structure or Function?

• Bio-Identical: Synthetic compounds whose molecular structure is identical to the 
compound made in the human (or consumed in unfortified foods)

• Bio-equivalent: Synthetic compounds that can be readily converted by the body 
into a compound with a function indistinguishable from the compound made in 
humans or consumed in foods



Bio-identical hormones “Synthetic” or “Natural”

Photo Credit: https://www.researchgate.net/figure/Fig-1-Chemical-structure-of-progesterone_fig1_266385361.

Photo Credit: https://www.tcichemicals.com/eshop/en/in/commodity/M1964/.

Medroxyprogesterone

Acetate

Progesterone

Synthetic Progesterone is neither Bio-identical nor fully Bio-equivalent to 

the natural progesterone made in the body



Bio-identical hormones “Synthetic” or “Natural”

Photo Credit: https://en.wikipedia.org/wiki/Progesterone.

The Marker semisynthesis of progesterone from diosgenin (Wild Yam)



Naturally Synthesized or Synthesized to be Natural?

Photo Credit: https://www.i-gap.org/app/dokumente/gynaekologie_kompatibilitaetsmodus.pdf.



How about Vitamin D3?

Photo Credit: https://vitamind.ucr.edu/about/

Sheep Wool Lanolin

Nearly All Supplement 

Vitamin D3 is derived from 

UV-exposed Lanolin



Overall, the increase in Vitamin D status increases more significantly with oral dosing 
of D3 compared to D2. This is especially true when using large bolus dosing (typically 

50,000 IU once weekly) and less so when comparing smaller daily doses.

Tripkovic L, et al. Am J Clin Nutr. 2012;95(6):1357-64.



Which is more natural?

Photo Credit: https://commons.wikimedia.org/wiki/File:Calcium_citrate.png.

Photo Credit: https://pubchem.ncbi.nlm.nih.gov/compound/Calcium-glycinate

Photo Credit: https://en.wikipedia.org/wiki/Limestone

Calcium Carbonate from 

Limestone deposits
Calcium Citrate from 

precipitating citric 

acid with CaO or 

CaCarbonate

Calcium bisglycinate Chelate

To mimic plant amino acid 

complexes

Which is a more appropriate supplemental ingredient?



• While there are some known differences between some “synthetic” vitamins and 
their natural counterparts- most of this information is false or greatly exaggerated

• For better or worse- Nearly everything we know about how vitamins work has 
been accomplished with “synthetic” vitamins

• Research comparing the two is often limited or non-existent

Misinformation and Confusion



• Synthetic beta-carotene is a single isomer while most food beta-carotene and 
micro-algae derived concentrates used in supplements are multi-isomers

• Vitamin K1, K2 (multiple forms), and K3 (synthetic)

• Natural Folates, synthetic folates/folic acid

• Synthetic vitamin E isomers vs. natural mixed tocopherols

Not all are bio-equivalent



• Only alpha-tocopherol can be labeled as “Vitamin E”

• While beta, gamma and delta tocopherols are found in foods and have other 
biological functions, they are not transported by the tocopherol transfer protein 
and do not substitute for the “vitamin” functions of the alpha form. (Also true for 
tocotrienols).

• “Mixed-tocopherols” can be listed on the label, but not as “vitamin E”

Vitamin E: Lots of nuance here

Bartosinska E, et al. J of Pharm and Biomed Anal. 2016;127(5):156-169.



• Synthetic E is a blend of 8 
racemic isomers.

• “D,L” or all-racemic

• Has lower vitamin E activity 
compared to natural

• Is adjusted in the “IU” calculation

• Do other isomers interfere?

Natural vs. Synthetic Vitamin E

Vagni S, et al. Food and Nutr Sci. 2011;2(10):210146.



• According to the Linus Pauling Institute:
– Natural and synthetic L-ascorbic acid are chemically identical, and there are no known 

differences in their biological activity.

– A study in 68 male nonsmokers found that ascorbic acid consumed in cooked broccoli, orange 
juice, orange slices, and as synthetic ascorbic acid tablets are equally bioavailable, as measured 
by  plasma ascorbic acid levels

– Results from the 10 clinical studies comparing the absorption of vitamin C alone or vitamin C in 
flavonoid-containing foods showed no appreciable differences in bioavailability of ascorbic acid.

Vitamin C / Ascorbic Acid

Photo Credit: https://www.studocu.com/en/document/university-of-waikato/process-engineering-and-design/essays/case-study-for-ascorbic-acid/2774154/view

http://lpi.oregonstate.edu leads to a website provided by the Linus Pauling Institute at Oregon State University. Genova Diagnostics is not affiliated or endorsed by the Linus Pauling Institute or Oregon



60 mg of synthetic (ascorbic) Vitamin C = 60 mg of Vitamin C from diet

From the standpoint of Vitamin C activity- Yes

But, from an overall nutrient standpoint- No

So Does This Mean?

Photo Credit: https://www.researchgate.net/publication/297438049_Determination_of_amount_of_Vitamin_C_Ascorbic_Acid_from_supplied_commercial_tablets_by_using_Iodometric_titration



“Wholefoods Multivitamins”

• This category of products is almost exclusively occupied by products that are not in 
any way “whole” or “food”
– Some Products are synthetic vitamins with a blend of fruit/vegetable powders added

– Many Products are yeast extracts or bran extracts with limited vitamin content 

– Some Products are spiked with synthetics during “fermentation” process and not listed on the 
label as coming from those compounds

• Products made by combining concentrated food ingredients contain extremely low 
levels of any vitamins or mineral- most of which are unstable in the manufacturing 
process



The Irony of Food-Based Nutrients

• Vitamin and mineral content in foods are rarely uniform across 
different growing and harvesting conditions (very difficult to 
standardize)

• They are extremely unstable when the food is processed to 
concentrate the nutrient for use in capsule/tablet/powder. (they 
degrade quickly)

• FDA GMP-requirements mandate consistent potency and purity 
throughout the entire shelf-life of the product; making true “whole-
food” supplements low potency and much more expensive than the 
foods they replace



1. In an ideal situation- ALL necessary nutrients would be delivered by a nutrient-
dense, unfortified, diverse diet!

2. There are few ideal situations

3. Nutrient Supplementation often requires concentrated isolated nutrients or 
combinations of these isolated nutrients (often at therapeutic doses)

4. Our body is designed to absorb and store less common nutrients for weeks and 
even months to ensure our survival- no food contains everything we need in the 
perfect amount or ratio and no supplemental nutrient (powder or pill) will ever be 
perfectly suited for every situation

5. Eat the best diet you can, supplement when necessary

Whole Foods vs Supplements



• Many clinicians have heard (and repeated) that “activated B-vitamins” are needed 
because the inactive forms don’t work
– Pyridoxal-5-phosphate (PLP or P5P)

– Riboflavin-5-phosphate (R5P)

– 5-Methytetrahydrofolate (5-MTHF)

– Methylcobalamin (Methyl-B12)

– Ubiquinol (Reduced form of CoQ10)

Activated B-vitamins: Is there evidence for efficacy?



Folate forms: Natural and Synthetic.

Shane B. Food Nutr Bull. 2008;29(Suppl):S5-16.

http://lpi.oregonstate.edu leads to a website provided by the Linus Pauling Institute at Oregon State University. Genova Diagnostics is not affiliated or endorsed by the Linus Pauling Institute or Oregon

All supplemental forms are 
“synthetic” monoglutamate forms

Natural folates 
are 

polyglutamates



Rakel D. 4th Edition. Saint Louis, Missouri: Elsevier 2017.



• Supplemental (folic acid/5mthf) are 
monoglutamates that absorb at a 
rate of 1.5-2.5 times higher than 
polyglutamatic dietary sources

• The new FDA labeling regulations 
will require each 1 mg of folic acid 
or 5MTHF to be labeled as 1.7 mg 
of dietary folate equivalent (DFE)

• Folate transporters only transport 
monoglutamate forms

• 5MTHF is made into a 
polyglutamate form in the cell for 
activity

Bioavailability of Supplemental vs. Dietary Folates

Laanpere M, et al. Nutr Rev. 2010;68(2):99-113.



Folic acid vs. 5-MTHF in clinical practice

Pietrzik K, et al. Clin Pharmacokinet. 2010;49(8):535-48.



Bioavailability and Homocysteine-lowering

• In general, 5-MTHF raises folate status and reduces homocysteine 
more than folic acid; especially in subjects that have C677TT 
polymorphism

• Head-to-head studies, however, are not always statistically significant 
for either measure. This is affected by dose

• High doses of folic acid have been associated (in some, but not all 
studies) with elevated measures of unmetabolized folic acid; with 
unknown clinical significance



Things to Consider…

• Equimolar amounts of 5-MTHF are up to 200 times more expensive than 
folic acid (from which it is synthesized)

• The benefits are mostly in persons who are MTHFR C677T homozygous 
(or heterozygous with poor methylation) or sick individuals where folate 
methylation may be poor

• 5-MTHF:  Preferable in subjects with MTHFR 677TT, or 677CT/1298AC 
genotypes, or when using folate therapies above 5 mg for any subject

• Folic Acid: Avoid using more than 1 mg in subjects with MTHFR 677TT as 
a precaution against excessive unmetabolized folic acid



Things to Consider…

• Folic acid (or blends) are appropriate for supplementation in (mostly) 
healthy persons, especially where cost considerations are a factor

• Studies have not confirmed 5MTHF is better than folic acid for NTD in 
pregnancy- but 5MTHF may be warranted in prenatal supplements 
where methylation status is unknown (it is too expensive to use for 
fortification)

• Always remember that most Hcy is bound via disulfide bonds to serum 
proteins, NAC can help break these bonds and allow for elimination of 
free Hcy



All Three forms of B6 are bioequivalent

Photo Credit: http://www.siumed.edu/~eniederhoffer/web_lessons/bmb_vit.htm.



Phosphorylated B6 must be dephosphorylated prior to absorption

Gregory JF. Eur J Clin Nutr. 1997;51 Suppl 1:S43-8.

P5P is ~ 7-times more expensive than 
pyridoxine HCl, from which it is synthesized!



R5P is 3-times more expensive than free 
riboflavin from which it is synthesized

And Riboflavin?

Bates CJ. Eur J Clin Nutr. 1997;51 Suppl 1:S38-42.



A paper as old as me!

Jusko WJ, et al. J Pharm Sci. 1967;56(1):58-62.



• Comparisons between different forms of cobalamin (B12) are virtually non-existent

• Nearly all studies done (until recently) have been performed with cyanocobalamin

• MethylB12 is only about 1.5 to 3 times more expensive- and rarely impacts cost of 
finished product

• Since methylB12 is more common in nature- it is favorable over cyanoB12, or 
hydroxyB12 for use as a supplement; although no credible data tells us that 
cyanoB12 is either unsafe or ineffective!

Photo Credit: Schwertner H, 2012.



• Excellent recent summary of 
the evidence comparing all 
forms of vitamin B12

• Virtually no data suggesting 
any form has any particular 
advantage over any other

Paul C, et al. Integr Med (Encinitas). 2017;16(1):42-49.



Methylmalonic aciduria and 
homocystinuria type C protein removes 

the methyl from methyl-B12 just as it 
does the CN, OH, or Adenosyl groups!

Methyl-B12 Does not Speed up Methylation!

Obeid R, et al. Mol Nutr Food Res. 2015;59(7):1364-72.



• Sublingual B12 is not legally a dietary supplement and is unnecessary 
anyway

• Oral (swallowed) B12 at 1 mg raises serum levels similarly to 
intramuscular injections

• At this dose, passive absorption appears to be used and intrinsic factor 
is less critical

Injectable or Sublingual B12

Vidal-Alaball J, et al. Cochrane Database Syst Rev. 2005;(3):CD004655.



Photo Credit: Copyright Benjamin/Cummings Publishing Co & Triples in LA

CoQ10-Ubiquinol

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=bI-9M52f5TWoFM&tbnid=ztrw5QTKYc9aOM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:Ubiquinone_ubiquinol_conversion.png&ei=PuM5UbiJKaeE2wWm4oDICg&psig=AFQjCNFudVIJMpwspn0D6TrND1LQbMwAeg&ust=1362834616621264
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=bI-9M52f5TWoFM&tbnid=ztrw5QTKYc9aOM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:Ubiquinone_ubiquinol_conversion.png&ei=PuM5UbiJKaeE2wWm4oDICg&psig=AFQjCNFudVIJMpwspn0D6TrND1LQbMwAeg&ust=1362834616621264


“That the pharmacokinetic profiles of 
ubiquinone and ubiquinol are identical is 
not surprising due to the fact that 
circulating CoQ10 is almost entirely in the 
form of ubiquinol and that the conversion 
of ubiquinone to ubiquinol occurs in the 
enterocytes prior to its lymphatic transport 
into circulation.”

Cellular Uptake and Conversion of Ubiquinone (oxidized)

Bhagavan HN, et al. Int J Pharm. 2007;333(1-20’112-17.



Activated Forms: Bottom line

• All vitamins function in the body by a constant conversion between 
various active and inactive forms

– In many cases, active vitamins are converted to their inactive forms 
(intentionally) by specific enzymes in order to transport vitamins from one part 
of the body to another

– Inactivating the vitamin prevents it from reacting prior to reaching the target 
tissue 

• Even in the case of methylated folate, the amount of stored body 
folate that needs to be continually re-methylated could never be 
overcome by oral methylfolate supplementation alone



Fish Oil: the Products

• Unconcentrated Fish Body Oil: natural triglycerides (TG) containing 
~30% EPA/DHA (ratio species and water temp dependent)

• Concentrated Oil:

– Free Fatty Acids (FFA): concentrated EPA,DHA fatty acids cleaved from TG 
backbone

– Ethyl Esters (EE): FFA stabilized with ethanol to create an ester

– reEsterified TG (rTG): EE re-attached to glycerol backbone to form a bio-
identical natural TG with higher % EPA and DHA



Other Sources of EPA/DHA

• Cod Liver: Unconcentrated TG oil similar to Fish Body oil

• Krill: Crustacean with very low EPA/DHA, contains astaxanthin (PL and 
FFA forms)

• Calamari: Unconcentrated TG, slightly higher DHA

• Mussels: Not typically used to deliver EPA/DHA content

• Algae: high in DHA (TG form)

• GMO plants: Used for feeding farmed fish, not yet approved for direct 
human consumption



The Molecules

Photo Credit: Examining the Constituents of Fish Oil Supplements Using the NMReady-60e Benchtop.



• Several Small studies showed no bioavailability difference between rTG
and EE

• Several Small studies showed rTG had significantly more bioavailability

• Several studies showed that EE bioavailability is compromised away 
from fatty meals

• No study shows EE to have better bioavailability over TG

Disputes over Bioavailability and Clinical Efficacy



• 72 subjects for 2 weeks (3.1-3.6 g/day)

– Re-Esterified Triglycerides

– Free Fatty Acids

– Ethyl Esters

– Fish Body Oil (natural TG- low potency)

– Cod Liver Oil

– Corn Oil

Dyerberg J, et al. Prostaglandins, Leukot Essent Fatty Acids. 2010;83(3):137-41.



Bio-availability from Dyerberg et. al.

Dyerberg J, et al. Prostaglandins, Leukot Essent Fatty Acids. 2010;83(3):137-41.



rTG verses EE in Omega-3 Index

Neubronner J, et al. Eur J Clin Nutr; 2011;65(2):247-54.

Corn oil/ 

Placebo

EE

rTG



Schuchardt JP, et al. Prostaglandins Leukot Essent Fatty Acids. 2011;85(6)):381-86.



Schuchardt JP, et al. Prostaglandins Leukot Essent Fatty Acids. 2011;85(6)):381-86.



But a large individual difference in increase in omega-3 
index (product was triglyceride form) is seen at all doses

Dose greatly affect average increase in O3I after 5 months

Flock MR, et al. J Am Heart Assoc. 2013;2(6):e000513.



What about Krill Oil?



• Bioavailability and Absorption are not the same thing!

• There is a general assumption that bioavailability is synonymous with 
efficacy and that greater bioavailability equals greater clinical efficacy

• Of course, this can be true; but there are numerous cases when this 
can be misleading, irrelevant, or false.

• Bioavailability of natural compounds must be understood on a case by 
case basis!

“The Influence of Bioavailability on Efficacy: 
When does it matter?”



Absorption and Bioavailability Matter: But each substance has 
a different issue!

• Chondroitin Sulfate (size matters)

• Fish oil- incorporation into membranes and tissues- efficacy outcomes

• CoQ10- solubility is key

• Minerals: ionization/solubility; receptor saturation

• Botanicals:

– Dosing issues

– Microbiome interactions (for absorption, metabolism and efficacy)

– First pass metabolism is extremely high for many phytonutrients



“To overcome this hurdle of curcumin, researchers have recently shifted to 
strategies to improve its bioavailability through various delivery systems 
including nanoparticles, liposomes, micelles, etc. These delivery methods have 
been proven to significantly improve the bioavailability of curcumin compared 
with administration of free curcumin. Nevertheless, many studies fail to show 
significant improvement of the pharmacological efficacy of encapsulated 
curcumin in spite of improved bioavailability. Whether biotechnologies with the 
aim of improving the bioavailability of curcumin can produce expected improved 
bioactivity seems to be a complex issue and should be the focus of more 
attention……
The collected outcomes raise an open question: why significantly improved 
bioavailability of curcumin does not produce improved pharmacological efficacy 
in many studies?
Here, we attempt to explain the reason that enhanced bioavailability of 
curcumin is not associated with improved pharmacological efficacy.

To summarize, the different mechanisms of action for free curcumin and nano-, 
liposome-, or micelles-encapsulated curcumin may provide important clues to 
understanding why improved bioavailability of encapsulated curcumin does not 
lead to significantly improved pharmacological activities in many studies.”

Ji HF, et al. Trends Pharmacol Sci. 2014;35(6):265-66.



• Nearly all (>95%) of the increased 
absorption of curcumin is quickly 
metabolized into glucuronide or sulphate 
forms.

• While some papers claim these may be 
active forms, most others have shown that 
these forms are mostly, if not completely, 
without bioactivity.

• Only small increases in free curcumin is 
noted

• Detection of other metabolites are rarely 
performed

What happens when you swallow 
curcumin?

Prasad S, et al. Cancer Res Treat. 2014;46(1):2-18.



• In many cases “microbiota availability” may actually be the target of 
phytochemicals that are known to have poor human bioavailability

• Our desire to increase bioavailability of important phytochemicals may actually 
miss the very target of their therapy, or at least alter that relationship substantially

Chen F, et al. J Ethnopharmacol. 2016;179:253-64.



Publications in just the past few years



If there were only more time:

• Delivery of vitamins and minerals as capsule, tablets, powders, and liquids…..

• The GMO conundrum- some synthetics are easier to produce as GMO-free ingredients

• Do organic fruits and vegetables have higher amounts of vitamins? Minerals? Phytonutrients?

• Do we need to refrigerate probiotics?

• Do excipients like Mag. Stearate reduce absorption of supplements?

• And many many more……..



• The science of nutrition and the use supplements is mostly nuance—
clinicians and pharmacists need to be careful when advocating a 
position without fully understanding the evidence for that position

• Marketers of dietary supplements will often exaggerate the 
“difference” between forms using limited or speculative data

• The newest form is not always better than the form it attempts to 
replace

• Healthcare providers using supplements must do their homework 
before advocating or teaching their patients or other clinicians! 

Clinicians as Educator



Without the help of a trusted and  
knowledgeable healthcare provider

Most patients will try to figure it out on their own……



Questions?

Thomas G. Guilliams, Ph.D.

Presenter

US Client Services:  800-522-4762

UK Client Services: 020.8336.7750

We look forward to 
hearing from you!
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