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Brief Comparison of the Three
Formulations of Vitamin B12

Written by Triet Do, Doctor of Pharmacy Candlidate 2014, University of Southern California

Cyanocobalamin

Hydroxocobalamin Methylcobalamin

Cyanocobalamin

Cyanocobalamin is the inactive form of vitamin B12 that is FDA-approved for the
treatment of vitamin B12 deficiency. It is available commercially in the protein-bound
formulation and has the cheapest price of all. When taken orally, gastric acid and
protease convert protein-bound cyanocobalamin to the free form, which then
combines with intrinsic factors to be absorbed into blood stream. Absorption of
cyanocobalamin drastically decreases if the patient has a decrease in gastric acid
secretion, or is compensated in pernicious anemia, a condition in which intrinsic
factors are not produced!. Cyanocobalamin can be safely given orally,
intramuscularly (IM) or subcutaneously (SQ) but is not indicated for intravenous
(IV) administration3. Half life of IV cyanocobalamin is about six days2.

The Cyanocobalamin molecule contains a cyanide group attached to a cobalt heme
(Figure 1). Only about 1% of free cyanocobalamin is converted to the active form,
methylcobalamin, by glutathione, flavin adenine dinucleotide (FAD) and
nicotinamide adenine dinucleotide phosphate (NADPH) cofactors®. This
detoxification process could potentially deplete glutathione (GSH), an important
antioxidant that helps reduce lipid peroxidation associated with oxidative

stress”. Once the glutathione reservoir is used up, high dose cyanocobalamin might
theoretically cause cyanide toxicity, especially in renal failure patients®.

Hydroxocobalamin

Hydr balamin is ther inactive form of vitamin B12. Hydroxocobalamin has
similar efficacy as cyanocobalamin since it is also converted to active
methylcobalamin in-vivo (Figure 1). Compared to cyanocobalamin, hydroxocobalamin
has a higher affinity to plasma protein and has a longer half life. This property
helps retain hydroxocobalamin-protein complex in the blood stream longer; thus
reducing injection frequency. Although it is not an FDA-approved formulation,
hydroxocobalamin is recommended worldwide by the World Health Organization
(WHO) as a drug of choice for the treatment of vitamin B12 deficiency?2.
Hydroxocobalamin in the sublingual and injectable formulations are only available
through compounding or specialty pharmacies.

Since the hydroxocobalamin structure does not contain a toxic group, the
detoxification process is not required and the glutathione source is preserved. In
addition, hydroxocobalamin has been successfully used to treat cyanide toxicity by
coupling with cynanide to form cyanocobalamin (FDA 2006). Another advantage of
hydroxocobalamin over cyanocobalamin is that hydroxocobalamin can be used in
pernicious anemic patients with optic neuropathy and tobacco amblyopia patients
who are also vitamin B12-deficient®.

Methylcobalamin

Methylcobalamin is the active form of vitamin B12. Methylcobalamine helps reduce
homocystein concentration by converting homocysteine to methionine through a
methylation process (Figure 2). As a result, methylcobalamin has been found
effective in treating autism in children, as well as preventing cognitive decline in
demented patients and reducing the risk of cardiovascular diseases 8°. High doses
of methylcobalamin have also been used to treat Bell's Palsy and multiple sclerosis.
In constrast, cyanocobalamin and hydroxylcobalamin do not express a methyl-
donating property since they are both precursors of methylcobalamin.
Methylcobalamin is available commercially in tablet and sublingual formulations.
The Injectable formulation of methylcobalamin is only available through
compounding pharmacies. When taken orally, methylcobalamin has higher

bi ilability than bal; since it does not require intrinsic factors to
be absorbed!®. Compared to a similar dose of cyanocobalamin, methylcobalamin
shows a longer retention in tissues since only one third of its dose is excreted?’.
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Parenteral Nutrition, Liver Disease, and N-acetyl Cysteine in Infants and Children
Diana Mager, PhD, RD

Figure 1. Liver damage is thought to decrease when glutathione levels are adequate, and
increase when glutathione levels are deficient. Liver function has been shown to improve

in some children with the addition of NAC.
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N-ACETYL CYSTEINE

* Cheap, Safe Anti oxidant.

in:

Paracetamol toxicity
Renal protection
Interstitial lung disease
COPD

ESRCOAIO!

* Has mucolytic, anti-inflammatory, antioxidant
and immunomodulatory effects and hence used

Antioxidant property is made use in the
treatment of AIP poisoning

Protective effects of n acetylcysteine on Aluminum Phosphide-induced Oxidative Stress
In AcuteHuman Poisoning, Clinical Toxicology (2013)-51 Sukumar.
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J Pharmacol Phammacother. 2013 Jul-Sep; 4(3): 187-191
doi: 10.4103/0976-500X 114597

review of reported outcomes

N-acetyl cysteine in clomiphene citrate resistant polycystic ovary syndrome: A

Lekha Saha, Sharonjeet Kaur, and Pradip Kumar Saha'

PMCID: PMC3746301

Improves insulin receptor activity ‘ Antioxidant Anti-apoptotic activity

N-acetyl cysteine

Immunological active

Preservation of vascular

Improves insulin secretion in
response to glucose

integrity ‘

Brain and Behavior

N-acetylcysteine (NAC) in neurological disorders:
mechanisms of action and therapeutic opportunities
Reza Bavarsad Shahripour', Mark R. Harrigan? & Andrei V. Alexandrov’

"Department of Neurology, Comprehensive Stroke Center, University of Alabama, Birmingham, Alabama
2Department of Surgery, Division of Neurosurgery, University of Alabama, Birmingham, Alabama

n Access

‘ Brain and Behavior 2014; 4(2): 108-122 ‘
I

Abstract

Background: There is an expanding field of research investigating the benefits
of medicines with multiple mechanisms of action across neurological disorders.
N-acetylcysteine (NAC), widely known as an antidote to acetaminophen over-
dose, is now emerging as treatment of vascular and nonvascular neurological
disorders. NAC as a precursor to the antioxidant glutathione modulates gluta-
matergic, neurotrophic, and inflammatory pathways. Aim and discussion: Most
NAC studies up to date have been carried out in animal models of various neu-
rological disorders with only a few studies completed in humans. In psychiatry,
NAC has been tested in over 20 clinical trials as an adjunctive treatment; how-
ever, this topic is beyond the scope of this review. Herein, we discuss NAC
molecular, intracellular, and systemic effects, focusing on its potential applica-
tions in neurodegenerative diseases including spinocerebellar ataxia, Parkinson’s
disease, tardive dyskinesia, myoclonus epilepsy of the Unverricht-Lundbor type
as well as multiple sclerosis, amyotrophic lateral sclerosis, and Alzheimer’s
disease. Conclusion: Finally, we review the potential applications of NAC to
facilitate recovery after traumatic brain injury, cerebral ischemia, and in treat-
ment of cerebrovascular vasospasm after subarachnoid hemorrhage.
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“L-Carnitine” Vs “Acetyl-L-Carnitine”

CH
o . <|3|
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|2 o Bl ) o H3C—N+—C—C‘H—C—C—OH
OH i)
CHa
L-Carnitine Acetyl-L-Carnitine

£9 Adced Decemser 25, 2014 in L-Camitine

The Key Difference Between
Acetyl-L-Carnitine and L-
Carnitine

srarewnisanice: () Facevook [ Twier G Googer (D) pimeress B emait =

Both ALCAR and L-carnitine are the same amino acid, they're just in
different forms. In terms of their mechanism of action, they work
differently within the body. As mentioned, L-carnitine is more common
amongst athletes or bodybuilders. This is due to its energy conversion
effects. Fatty acids are used in order to make energy.

When focusing on ALCAR, it is the processed version of L-carnitine,
except it can effectively cross the blood-brain barrier. This is due to
the added acetyl group. It is also better for overall brain health and
cognitive functioning, due to its effects on acetylcholine synthesis.
You can purchase many forms of carnitine, which provide support for
various systems. Benefits are experienced within the nervous system,
cardiovascular system, and muscles. ALCAR is considered the superior
form because of its bicavailability.

HOW L-CARNITINE WORKS IN CELLS

L-carnitine transports long-chain fatty acids into the mitochondria,
where they are broken down and used for energy.
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10 Benefits
of L-Carnitine Injections

Improved muscle Improved fat
building potential metabolism
Increased endurance, Increased
strength and stamina muscle mass
Improved Reduced
bone strength recovery times
Reduced risk Improved
of overtraining energy levels
Improved Increased
mental function male fertility
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5. Choline alfocerate

*1) 9IX|E (Phospholipid)
ex) Phosphatidylcholine (lecithin)

2el0rl ez
Selolerel FaE
2ol e
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CHED)

CHo@

Hydrophilic head

P ‘ o CH,
K Il | +
5 CH,0 —P — OCH,CHNCH,
£ 0~ CH,
2

Glycerophosphorylcholine(GPC)
= choline alfoscerate
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Glycerophosphate

Alpha GPC's Mechanism Of Action

Phosphatidyl ethanolamine Citicoline (CDP)

S-adenosyl methionine l\ / Diglceride

Phosphatidylcholine (PC] .

Fatty acids

GlyceraPhosphoCholine (GPCS
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bilberry fruit (2ZLIFE0L)

+ vaccinium myrtillus extract

Lk £242 £

PublfQed PubMed A

US National Library of Medicine
National Ineitutes of Healh Advanced

Abstract + Sendto: ~

ab Invest, 2012 Jan92(1)102:9, doi; 10,10381abinvest 201,132 Epub 2011 Sep 5.

Vision preservation during retinal inflammation by anthocyanin-rich bilberry extract: cellular and molecular
mechanism.

Miyake S, Takahashi N. Sasaki M. Kobayashi S. Tsubota K, Ozawa Y.

@ Author information

Abstract

Anthocyanin-rich bilberry extract, a plant-derived antioxidant, has been utiized as a popular supplement for ocular health worldwide. However, it is
unclear whether this extract has any biological effect on visual function, and the mechanism for such an effect is completely unknown. In this study,
we generated a mouse model of endotoxin-induced uveits (EIU) that shows retinal inflammation, as well as uveitis, by injecting ipopolysaccharide.
We pretreated the mice with anthocyanin-rich bilberry extract and analyzed the effect on the retina. Anthocyanin-rich bilbey extract prevented the
impairment of photoreceptor cell function, as measured by electroretinogram. At the cellular level, we found that the EIU-associated thodopsin
decreased and the shortening of outer segments in photoreceptor cells were suppressed in the bilberry-extract-treated animals. Moreover, the extract
Prevented both STATS activation, which induces inflammation-related rhodopsin decrease, and the increase in interleukin-6 expression, which
activates STATS3. In addition to its anti-inflammatory effect, the anthocyanin-rich bilberry extract ameliorated the intracelular elevation of reactive
oxygen spesies and activated NF-kB, a redox-sensitive transcription fator, in the inflamed retina. Our findings indicate that anthocyanin-rich bilberry
extract has a protective effect on visual function during retinal inflammation.

PMID: 21894150 [PubMed - indexed for MEDLINE]  Free full text
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Molecular evidence of beneficial effects of
bilberry and bilberry anthocyanins

. once of moleculay o . _qimplications o

gaden U effe, e effecy,

+ Increased T3 transport into brain;
improved neurocommunication.

+ Improved memory, vision, and
sensory input.

+ Protection of retinal cells from oxidative
stress; upregulation of HO-1 and GST.

+ Prevention of diabetic
retinopathy; preservation of vision.

+ Increased insulin section; activation of
AMPK in adipose tissue, skeletal muscle, and
liver; lower glucose and fructosamine in
plasma; improved insulin sensitivity:
increased adiponectin and less PAI-1 and
1L-6 in human adipocytes; increased
GLUT-4; G1 lipase inhibition.

« Anti-inflammatory gene expression
microarray profile; decrease in NF k
B-regulated proinflammatory chemokines.

« Inhibition of ACE; lower hsCRP, CETP,
LDL-C, and higher HDL-C in plasma.

« DNA stabilization and protection;
induction of phase Il enzymes; lower
1GF-1; growth inhibition and induction of
apoptosis in cancer cells.

+ Less insulin resistance; lower risk
of/better control of type 2
diabetes; fewer micro- and
macrovascular complications.

 Less obesity.

+ Lower risk of inflammation-
related disease.

+ Lower blood pressure; improved
lipids; lower risk of CVD and stroke.

« Less mutation; better
detoxification of xenobiotics;
better control of cell growth; lower
risk of cancer.

« Less risk of oxidative stress—related
disease.

« Better treatment of infectious
disease.

«+ Antioxidant effects.

+ Direct antimicrobial effects;
lowered MIC of antibiotics.

HEALTH FROM TRUSTED SOURCES : Bilberry. Renaud Guichard, 10, 2014
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Drugs and Supplements

Ginkgo (Ginkgo biloba)
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Print

Cerebral insufficiency (insufficient blo

Depression and seasonal affective disor

Key to grades
A Strong scientic evidence for this use
Good scientific evidence for this use
C  Unclear scientfic evidence for this use
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Strong scientific evidence against this use (i ikely does not
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Protecting collagen and elastin in skin (anti-aging)
Treating hemorrhoids
Protecting against oxidative rancidity and bacterial pathogens
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Classification of dietary phytochemicals Flavon

Phytochemicals

[ l I |

Carotenoids Phenolics Alkaloids Nitrogen-containing Organosulfur
compounds compounds

‘ ‘ _‘ ‘ A n odicty d Genistein
a-Carotene l | Isothiocyanates
p-Carotenc | Indoles o y catech n Daidzein
B-Cryptoxanthin Phenolic acids Flavonoids Stibenes Coumarins Tannins Allylic sulfur
Lutein compounds etin Luteolin
Zeaxanthin
Astaxanthin n Baicalin
Lycopene

‘ ‘ ‘ Baicalein
Hydrox: Hydroxy- | Flavonols | Flavones ‘ Flavanols Flavanones i Anthocyanidins || | Isonavonoids Pomegranate g

cinnamic acids (Catechins)

‘ ’ J 53
Gallic Quercetin Catechin Eriodictyol Cyanidin Genisein
Protocatechuic Kaempferol Hesperitin Pelargonidin Daidzein
Vannilic Luteolin Naringenin Delphinidin Glycitein
Syringic Sinapic Peonidin Formononctin

Fisetin Malvidin
gallate
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. Potential effects of flavonoids on
Healthy effects of Flavonoids cardiovascular protection

Flavonoids
/ Anti-
e e Blood pressure inflammatory
Inhibits LDL oxidation reduction effects

by FREE Radicals

- Antioxidant | [ improvementof | [ Reduced platelet
.5 Inhibits Platelet effects endothelial reactivity

Delays or Prevents the
onset of diseases fome
Caused by FREE Radicals

Best Anti-oxidant J Aggregation \ function
Anti-inflammatory / il AN Anti-viray
Activity i 'Anti-bacterial

Improvement of  +/ \1
Endothelial Functions Cardiovascular diseases

- > | EC | Endothelial cells)
Blood Pressure Reduction due to m
VSMC I

its Vasodilatory Effect
(vascular smooth muscle cells)

[ | N Reduced Risk of

Fl ids: Antioxi Against Atherosclerosis, Davide Grassi et al. Nutrients 2010, 2, 889-902
Tlle American Journal of
CLINICAL NUTRITION Review Article ! | -6- 1 %4 ! !
Flavonoids: a review of probable mechanisms of action and a0 o
potential applications'™®
Robert J Nijvelds, Els van Nood, Danny EC van Hoorn, Petra G Boelens, Klaske van Norren, and Paul AM van Leeuwen L e
. — — — . rs/al
Figure. Hypothesis of the links between the working mechanisms of flavonoids and their effects on disease.
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