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Vitamin C

A cellular antioxidant, ascorbic acid scavenges free radical superoxide, and hydroxyl radicals.
Biochemical Functions:

· coenzyme for lysyl and prolyl hydroxylase for collagen synthesis

· carnitine synthesis:  

· in the kidney there are two different hydroxylases  requiring / Fe+2
· in the liver and kidney:  Phe ( Tyr, Phe hydroxylase w/ Fe+2
· regenerates dihydrobiopterin from tetrahydrobiopterin

· Tyr(acetoacetic, dioxygenase w/ Fe+2
· Tyr ( DOPA, Tyr hydroxylase w/ Cu+2
· Dopamine(NE, dopamine mono-oxygenase w/ Cu+2
· Trp(5HT, Trp hydroxylase

· antihistamine:  inhibits phosphodiesterase leading to histamine degradation

· enhances WBC activity

· antiviral, antibacterial, antioxidant

· increases:  interferon, antibody production, thymus hormone responses to infection

· depleted by infections, chemical stressors, cigarette smoke, pollutants and allergens

· Regenerates Vit E

Various levels of dietary Vit C may facilitate metabolic degradation of xenobiotics by liver MFO.  In turn, Xenobiotics increase Vit C excretion in the urine.


Vitamin C protects against phenol, phenylqumolin, carboxylic acid and barbiturate toxicity. It protects against ozone induce pulmonary edema, 02- radicals and CCl4 toxicity. Vitamin C reduces toxicity of pesticides, heavy metals (Pb and Cd; It does not chelate out Hg), hydrocarbons, PCB, and acetaminophen.  It enhances MFO activity (there is decreased Cyto P450 activity in Vit C deficiency) and enhances incorporation of Fe to heme and  prevents nitroasamine formation from nitrites in the Gl tract. 
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	· decreases selenium absorption 

· reduces copper, iron, glutathione

· increases iron absorption, involved in iron mobilization

· 1.5g /day decreases ceruloplasmin activity

· involved in carnitine synthesis

· ( oxidation of vit A, E

· activates folate(dihydro/tetrahydro-folic acid

· Pb/heavy metals:  vitamin C increases absorption and/ or secretion through chelation
· smoking causes 40% decrease (One cigarette can use 55-200mg of Vit C.),

· sugar a 50% decrease (for 5 1/2 hours)

· OC use causes decrease

· stress causes decrease. 
	· Aspirin and tobacco smoke may promote vitamin C deficiency
· Large doses of vitamin C may interfere with some narcotics and some general anesthetics. Vitamin C has been used to take people out of anesthesia.  Do not give IV therapy 24 hr. prior to general anesthesia.  
· Conflicting research exists on whether vitamin C increase the action of oral contraceptives.

· 16 g/day has been associated with an increased requirement for coumadin in one patient, 1000 mg/day did not interfere with the effect of coumadin in other patients.  Animal studies on the relationship between vitamin C and coumadin have yielded conflicting results.


	Dosage and Administration: RDA 60 mg qd

· Oral:  Usual range is from 200-3,000 mg/day.  Larger doses, up to bowel tolerance, have been used for illnesses that are more serious.  Some studies suggest that certain patients cannot absorb more than 1 gram / hour. Buffered forms, such as sodium and calcium ascorbate, are approximately 12% mineral by weight which must be considered when taking large doses.  Ester C is calcium ascorbate plus threonic acid and its only justifiable indication is that it is buffered.

· IV administration:  25-50 g or more, has been used for viral infections.  The use of massive doses has been justified by the fact that animals synthesize relatively large amounts (such as 3-5 g/kg or more when under stress). 


	Food Sources: Green/red peppers, collard greens, broccoli, spinach, tomatoes, potatoes, strawberries, oranges, orange juice, tangerines, Brussels sprouts, cantaloupe, guava, papaya, kiwi, mango, tomato juice


	Deficiency Signs

	· Corkscrew hairs and unemerged coiled hairs, follicular hyperkeratosis

· Swollen, retracted, or bleeding gums.

· Purpura, ecchymosis, poor wound healing, pressure ulcers

· Beading of ribs, epiphyseal swelling, rickets, marasmus

· Arthralgia

· Sudden heart failure, death


	Toxicity Signs: 
· Abdominal pain and diarrhea occur commonly with high doses.  Bowel tolerance varies and may increase during acute illness.  Elimination or reduction of GI side effects can be achieved by taking less, taking divided doses, taking it with meals or using buffered forms.  Breast fed infants can develop colic if their mother ingest large doses of vitamin C

· Hemolysis in G6PD deficiency has occurred with administration of 80 g of vitamin C on two consecutive days in one patient.  Hemolysis, acute renal failure and death resulted although a causal relationship with C administration has been questioned.

· Hemochromatosis:  Ingestion of vitamin C may increase iron absorption, which could cause problems in individuals genetically predisposed to iron overload.

· Advanced Renal failure (creatinine >4):  in this condition vitamin C will form oxalate which is deposited in soft tissues.  Rx no more than 100 mg/day.

· Large doses of vitamin C may interfere with some stool tests for occult blood and some urine tests for glucose.
Unsubstantiated Toxicity Claims in the Literature

· Kidney stones:  Vitamin C does not appear to cause kidney stones in the general population.  Indeed, there is some evidence that it may prevent stones in men.  However, rare individuals with a genetic defects in oxalate metabolism may be at increased risk from high doses of vitamin C.  Collect a 24 hour urine for oxalate prior to prescribing high dose vitamin C.

· “Rebound Scurvy”:  Abrupt discontinuation of large doses may rarely cause bleeding gums or other manifestations of mild vitamin C deficiency.  However, the claim that rebound scurvy can develop in infants whose mothers took vitamin C during pregnancy is questionable and highly unlikely.  Rather, this may occur with boiled formula.




Clinical Indications

	Behavioral and Psychiatric Conditions

	Schizophrenia, Depression
	1-6 g/day
	Uncontrolled study:  Reported to be of value in the Tx of some chronic psychiatric in-patients with schizophrenia or depression (double blind trial) and has been used in combination with niacinamide to treat schizophrenic patients.  Schizophrenics may have increase requirement for vitamin C 


	Cardiovascular Conditions

	Atherosclerosis
	500 mg tid for 2-6 months
	Controlled study: Induced regression of femoral atherosclerosis in 6-10 patients.  Vitamin C has been found to inhibit platelet aggregation, increase HDL cholesterol and prevent endothelial dysfunction in humans.  Vitamin C deficiency has been associated with AMI prior developing scurvy.

	Hypertension
	500 mg/day
	Controlled studies:  Produced significant reductions in systolic blood pressure in elderly individuals.


	Endocrine Conditions

	Diabetes Mellitus
	1000 –1500 mg /day
	Diabetics have impaired cellular uptake of vitamin C which could theoretically result in “ localized scurvy” manifesting as atherosclerosis, poor wound healing, impaired immune function and other problems common in diabetics.   Inhibits glycosylation of proteins and may prevent tissue accumulation of sorbitol.


	Immune Conditions

	Acute viral infections
	500 mg oral, tid or more up to bowel tolerance

 For IV megadose, treat 3x every  other day.
	Some individuals with mononucleosis have reportedly tolerated up to 200g/day during the acute stages of illness.  As their condition improved, the amount of vitamin C tolerated decreased.  Intravenous administration of vitamin C in does up to 75 g may be effective for acute viral infections (e.g. mononucleosis or hepatitis).  There are numerous double-blind trials for the common cold,  with most showing a reduction in severity, but no reduction in incidence.  Research on other viral illnesses is mostly anecdotal.

	Bacterial Infections
	4-10 g/day in divided doses for several days
	Anecdotal and in vitro:  Possibly effective against E. coli.  May be bacteriostatic or bacteriocidal in large doses against Staph. aureus and may potentiate the effects of antibiotics against Pseudomonas aeruginosa

	Cancer
	10 g/day
	Uncontrolled trial:  increased the survival time of terminal cancer patients by more that five fold.  Two controlled trials failed to confirm results but have been criticized for methodological flaws:

· did not give to the patients for the rest of their lives, rather at particular signs.  Biased the vitamin C group d/t possible rebound scurvy and powerful medication

· short term studies; four months are required before vitamin C begins to work

· compliance was not properly monitored and the placebo was lactose which is sweet, not sour like vitamin C .  Of 50 placebo patients, five spot urinations showed one person megadosing w/ C and others with less than 455 mg/day in their urine:  one must take a gram to get 20 mg in your urine.

	HIV Infection
	To bowel tolerance, usually around 3 -10 grams per day in divided doses.


	Recent evidence suggests that HIV infection and the clinical and laboratory manifestations of acquired immunodeficiency syndrome (AIDS) are a result of the genetic influence of the virus on cellular adrenocorticotrophic hormone (ACTH) and cortisol metabolism. Recent genetic studies observe that the 

HIV –1 genome is linked to glucocorticoid inducibility and to glucocorticoid receptor binding, and may explain the strong ability of cortisol to enhance HIV replication. Adrenocortical hyperactivity observed in HIV -infected individuals has been found to be a result of increased ACTH production by HIV. It is proposed that the HIV-induced cortisol excess is the foundation of the immunosuppression seen in AIDS. Ascorbic acid supplementation (as well as Glycyrrhiza and other adrenal gland herbs, esp. adaptogens) may help decrease adrenocortical hyperactivity and lower cortisol excess. 

Strong antiviral and in vitro has been shown to decease viral production and cell fusion of HIV -infected CD4 cells. 

Depleted in the liver by stress placed on it by protease inhibitors. 

For those doing high doses of vitamin C, be careful about rebound scurvy - if patient suddenly stops taking vitamin C or runs out of it, collagen matrix 

may break down causing gums to bleed. Promotes the absorption of iron. 




	Male Conditions

	Infertility
	1 g/day
	Uncontrolled trial:  effective in treatment of sperm agglutination


	Metabolic Conditions

	Metabolic detoxification
	300 mg qd
	In a study of 19 geriatric patients, significant improvement in antipyrine T1/2 and clearance occurred with supplementation in the vitamin-C deficient group. No improvement occurred in the group with normal leukocyte ascorbate levels.

Antipyrine T 1/2 were reported to be longer in liver disease patients with low leukocyte ascorbate levels.
 Administration of large amounts of ascorbic acid to nondeficient persons were reported to increase antipyrine in one study
 but not in another.



	Musculoskeletal Conditions

	Spinal Disc Degeneration
	1-3 g/day
	One orthopedic surgeon has reported that supplementation with 1-3 g/day of vitamin C has greatly reduced the need for spinal-disc surgery. 

	Gout
	4000 – 8000 mg/day
	Uncontrolled study:  Reduced serum uric acid levels by increasing urinary excretion of uric acid.  the argument is that rapid mobilization of uric acid could trigger a gout attack although such an effect has not been reported.

	Paget’s Disease of Bone
	3 g/day for 2 weeks
	Uncontrolled study:  reduced bone pain

	Osteogenesis Imperfecta
	1000 mg/day to 20-50 mg/day for up to 3.5 years 
	Uncontrolled studies:  reduced the development of new fractures by more than 70%


	Ophthalmological Conditions

	Glaucoma
	10-35 mg/day
	Uncontrolled trial:  has been shown to reduce intraocular pressure in patients.  Lower doses (500 mg, bid) were of minimal benefit.  Chronic simple glaucoma responded better that secondary glaucoma or hemorrhagic glaucoma.


	Pulmonary Conditions

	Asthma
	500-1000 mg/day
	Some controlled studies, not all:  reduction in airway reactivity.  Epidemiologically, increased intake is associated with lower risk of asthma.  inhibits phosphodiesterase and destroys histamine both in vivo and in vitro, however, no strong research ( use w/ other remedies
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