Vitamin C and Scurvy
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Vitamin C (ascorbic acid), a reducing agent, is necessary to maintain the enzyme prolyl hydroxylase in an active form, most likely by keeping its iron atom in a reduced state. The precursor molecule to the protein collagen, procollagen, contains an unusual amino acid sequence in that every third amino acid is a glycine and contains a high frequency of two amino acids not found in any other proteins - hydroxyproline and hydroxylysine. These latter two amino acids are converted from proline and lysine, respectively, after the procollagen molecule has been synthesized. The hydroxylation of proline and lysine in procollagen is carried out by the enzyme prolyl hydroxylase using vitamin C as a cofactor. 

A vitamin C deficiency results in an underhydroxylation of proline and lysine in collagen which results in a lower melting temperature of the resulting collagen fibers which causes a breakdown of the protein collagen needed for connective tissue, bones and dentin, the major portion of teeth. Collagen is a cemeting material that binds cells together, and is an essential connective tissue protein in the body. Whenever the body is wounded, collagen glues the separated tissues together to form a scar. 

A lack of collagen causes the walls of the body's blood capillaries to break down and hemorrhaging occurs in cells throughout the body. When capillaries lose the "glue" that holds them together, symptoms of scurvy appear. 

An affected person becomes weak and has joint pain. Internal hemorrhages cause black-and-blue marks to appear on the skin. At the first visible signs of scurvy, raised red spots appear on the skin around the hair follicles of the legs, buttocks, arms and back. When the tiny capillaries of the hair follicles hemorrhage, the hair-producing cells do not receive the nourishment needed for the hairs to grow normally. Consequently, the skin becomes flecked with small lesions that begin to appear on the body after about five months on a diet deficient in vitamin C. These lesions were the "spots" that James Lind observed on the skin of his sick men. Gums hemorrhage and their tissue becomes weak and spongy. Dentin, which lies below the enamel and is part of the root of teeth, breaks down. Teeth loosen and eating becomes difficult and painful. A personal account of scurvy. 

James Lind's observation that citrus fruits contained something that counteracted the ravages of scurvy was followed by his development of a method for the concentration and preservation of citrus fruit juices for use at sea. In 1795, the British Royal Navy provided a daily ration of lime or lemon juice to all its men. English sailors to this day are called "limeys", for lime was the term used at the time for both lemons and limes. It was not until 1932, that W.A. Waugh and C.G. King at the University of Pittsburgh, and Albert Szent-Gyorgyi, a Hungarian scientist, isolated and synthesized ascorbic acid, or vitamin C. 

Curiously, only primates and guinea pigs are unable to manufacture vitamin C on their own, having lost the genetic information necessary for the production of this important cofactor. 

Background: Scurvy was first described in 1541 by a Dutch physician named Echthius working in Cologne, Germany. Mistakenly, he thought it was an infectious disease. In 1540, a French explorer named Jacques Cartier learned of a remedy for scurvy from the Native Americans of lower Canada, which was prepared by extracting the needles of pine trees with hot water. The first English reference to the disease occurred in the Oxford English Dictionary in 1565. 

Two physicians who played an enormous role in decreasing the mortality from the disease were John Woodall and James Lind. In 1617, Dr Woodall wrote The Surgeon's Mate, which described scurvy and listed lemon juice as the cure. Dr Woodall persuaded the East India Company to provide lemon juice for its sailors. 

In 1714, Dr Lind, an officer in the British Royal Navy, conducted a study on 12 patients with scurvy. He divided the patients into 6 groups of 2 and gave each group a different remedy. Only the group given oranges and lemons recovered. It took Dr Lind 41 years to convince the British Royal Navy to implement his recommendation. The British used lime juice instead of lemon or orange juice to prevent the disease, and the sailors became known as Limeys. 

Pathophysiology: Humans, other primates, and guinea pigs are unable to synthesize L-ascorbic acid (vitamin C); therefore, they require it in their diet. The enzyme, L-gluconolactone oxidase, which usually would catalyze the conversion of L-gluconogammalactone to L-ascorbic acid, is defective due to a mutation or inborn error in carbohydrate metabolism. 

Vitamin C is required as a redox agent, reducing metal ions in many enzymes and removing free radicals. In this capacity, it protects DNA, protein, and vessel walls from damage caused by free radicals. Vitamin C is necessary for the triple-helix formation of collagen. Deficiency of vitamin C leads to impaired collagen synthesis, causing capillary fragility, poor wound healing, and bony abnormalities in affected adults and children. Although the clinical manifestations are unclear, vitamin C is a cofactor in the metabolism of tyrosine and the synthesis of carnitine, norepinephrine, and peptide hormones. It also enhances the absorption of iron from the small intestine. 

Age: 
· The incidence of scurvy peaks in children aged 6-12 months who are fed a diet deficient in citrus fruits or vegetables. 

· Incidence also peaks in elderly populations, who sometimes have “tea-and-toast” diets deficient in vitamin C. 
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History: 
· Early symptoms are malaise and lethargy.

· After 1-3 months, patients develop shortness of breath and bone pain.

· Other symptoms include skin changes with roughness, easy bruising and petechiae, gum disease, loosening of teeth, poor wound healing, and emotional changes.

· Dry mouth and dry eyes similar to Sjögren syndrome may occur.

· In the late stages, jaundice, generalized edema, oliguria, neuropathy, fever, and convulsions can be seen.

Physical: 
· Vital signs: Hypotension may be observed late in the disease. This may be due to an inability of the resistance vessels to constrict in response to adrenergic stimuli.

· Skin: Perifollicular hyperkeratotic papules, perifollicular hemorrhages, purpura, and ecchymoses are seen.

· Nails: Splinter hemorrhages may occur.

· Head and neck: Gum swelling, friability, bleeding, and infection with loose teeth; mucosal petechiae; scleral icterus (late, probably secondary to hemolysis); and pale conjunctiva are seen. Conjunctival hemorrhage, flame-shaped hemorrhages, and cotton-wool spots may be seen. Bleeding into the periorbital area, eyelids, and retrobulbar space also can be seen.

· Chest and cardiovascular: Scorbutic rosary (ie, sternum sinks inward) may occur in children. High-output heart failure due to anemia can be observed. Bleeding into the myocardium and pericardial space has been reported.

· Extremities: Fractures, dislocations, and tenderness of bones are common in children. Bleeding into muscles and joints may be seen. Edema may occur late in the disease.

· Gastrointestinal: Loss of weight secondary to anorexia is common. Upper endoscopy may show submucosal hemorrhage.

Causes: 
· Scurvy is caused by a dietary deficiency of vitamin C. The body's pool of vitamin C can be depleted in 1-3 months.

· Risk factors include the following:

· Babies who are fed only cow's milk during the first year of life are at risk.

· Alcoholism and conforming to food fads are risk factors.

· Elderly individuals who eat a tea-and-toast diet are at risk.

· Economically disadvantaged persons tend to not purchase foods high in vitamin C (eg, green vegetables, citrus fruits), which results in them being at high risk.

· More recently, vitamin C deficiency has been noted in refugees who are dependent on external suppliers for their food and have limited access to fresh fruits and vegetables.

· Cigarette smokers require increased intake of vitamin C due to lower vitamin C absorption.

· Pregnant and lactating women and those with thyrotoxicosis require increased intake of vitamin C because of increased utilization.

Scurvy Isn't Cool!
All About Scurvy
· What is scurvy?

Scurvy, also called vitamin C deficiency, is of the most serious diseases affecting teenagers today.  It is caused by a dietary lack of vitamin C (ascorbic acid), a nutrient found in many fresh fruits and vegetables, particularly the citrus fruits.   Ascorbic acid is important in the formation of collagen (an element of normal tissues), and any deficiency interferes with normal tissue synthesis.

· How can I tell if I have scurvy? 

Scurvy is characterized by swollen and bleeding gums with loosened teeth, soreness and stiffness of the joints and lower extremities, bleeding under the skin and in deep tissues, slow wound healing, and anemia.  If you experience any of these symptoms, you should consult a physician immediately -- you may be suffering from scurvy.

Here are pictures of some of the scurvy "warning signs".

	Gingival Hemorrhage
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	Corkscrew Hair
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	Periungual Hemorrhage
	[image: image6.jpg]





· So what's so special about this ascorbic acid stuff anyway? 

When collagen is made, the proline amino acids are changed to hydroxyproline, by a process called post-translational modification.  An enzyme called prolyl hydroxylase catalyses this change.  This enzyme requires an Fe2+ ion to be present. Fe2+ is relatively unstable, and will become oxidized easily. Ascorbic acid, a water-soluble antioxidant, keeps Fe in the 2+ form, and not in the more stable 3+ form.

Fun fact: "ascorbic acid" comes from the New Latin "scorbutus" meaning scurvy!

Cool Scurvy Dudes 

· Captain James Cook 

James Cook, the great British sea captain, knew what was best for his sailors. Shortly before his death, he wrote in his journal:

Every innovation whatever, tho ever so much to their advantage, is sure to meet with the highest disapprobation from Seamen: Portable Soup and Sour Krout were at first condemned by them as stuff not fit for human beings to eat. Few men have introduced into their ships more novelties in the way of victuals and drink than I have done. It has, however, in a great measure been owing to such little innovations that I have always kept my people generally speaking free from that dreadful distemper the Scurvy.
· John Woodall 

John Woodall (1556-1643) was a military surgeon in Lord Willoughby's regiment in 1591 and later first surgeon-general to the East India Company in 1612 and surgeon to St. Bartholomew's Hospital from 1616 to 1643. In 1617, he published the first edition of The Surgeon's Mate, a volume containing an extensive inventory and description of the medicines and their uses and of the instruments that the chest of the Surgeon's Mate should contain.

Woodall devoted pages 160-176 to "the scurvy called in Latine Scorbutum." His therapeutic section considers treatments for a variety of symptoms and complications for associated conditions. The preface to this section includes the remarkable statement:

... [W]e have in our owne country here many excellent remedies generally knowne, as namely, Scurvy-grasse, Horse-Reddish roots, Nasturtia Aquatica, Wormwood, Sorrell, and many other good meanes... to the cure of those which live at home...they also helpe some Sea-men returned from farre who by the only natural disposition of the fresh aire and amendment of diet, nature herselfe in effect doth the Cure without other helps... [At sea,] the Lemmons, Limes, Tamarinds, Oranges, and other choice of good helps in the Indies... do farre exceed any that can be carried tither from England.
These observations are soundly in keeping with modern knowledge of the vitamin C content of the above remedies and of the labile nature of this vitamin when stored.

· James Lind 

James Lind was born in Edinburgh, Scotland, the son of a merchant. At age 15 he was apprenticed to a physician and in 1739 passed the examination for surgeon's mate in the Royal Navy. In 1753, he published his classic work "A Treatise of the Scurvy".
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James Lind, a pioneer in
the field of scurvy prevention.
	"On the 20th of May, 1747," the Treatise begins, "I took twelve patients in the scurvy on board the Salisbury at sea. Their cases were as similar as I could have them."  Lind went on the describe a classic therapeutic experiment on sailors with scurvy in which various proposed remedies were tested as antiscorbutics.   His experiment provided clear evidence of the curative value of oranges and lemons and was also the first example of a controlled clinical nutrition study using human subjects.


Here's What People Are Saying About Scurvy:
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Robert P
	Having scurvy was an awful experience. All of the kids at school made fun of me and called me "fat veins". Now I make sure to eat lots of limes so that won't happen again. The kids call me "limey" now but at least my gums don't bleed any more.
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Emily L
	My sister was severely anorexic until I warned her about the dangers of scurvy. Now she eats up to three grapefruits a day!


	[image: image10.jpg]



Laura R
	Teenagers today think they'll live forever. They start living life on the edge, going to extremes, doing dangerous stuff like drunken driving, drug use, unprotected sex, and worst of all, avoiding their vitamin supplements. That's why it's so important that we get scurvy information out to the public. I applaud monzy.com for being a pioneer in this respect.
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Ian N
	I had a horrible rash, and I was afraid that it was scurvy! I couldn't understand it because I had been making sure to eat lots of spinach. Then I went to the doctor and he said that it was just genital herpes. What a relief!


This page was brought to you by the Carnegie Mellon chapter of the National Association for Scurvy Awareness and Prevention: 

	Heart Disease *is* Chronic Scurvy


[6] The Pauling and Rath theory postulates that the root cause of atherosclerotic plaque deposits is a vitamin C deficiency. 
Pauling called this condition "chronic scurvy." It is normal in humans, but it can not happen in most other species. Ascorbic acid (vitamin C) is not a vitamin for most animals in the sense that it is not required in their diet. They make it in high amounts in their livers or kidneys. The sad fact is that we humans must obtain all our vitamin C from what we eat. (Unless we supplement, our diets contain less than 1/100th of what animals make, and we lose some in the gut during digestion.) According to the Pauling/Rath theory, less than optimal vitamin C results in less than optimal collagen. Without collagen, our blood vessels deteriorate. In an acute shortage, we die of scurvy. In a chronic shortage, humans develop atherosclerotic plaques. Pauling thinks most humans suffer chronic scurvy. 

	"Vitamin C has been under investigation, reported in thousands of scientific papers, ever since it was discovered (circa) fifty years ago. Even though some physicians had observed forty or fifty years ago that amounts a hundred to a thousand times larger (than the RDA) have value in controlling various diseases,the medical profession and most scientists ignored this evidence." Linus Pauling HOW TO LIVE LONGER AND FEEL BETTER, pg 106 paperback. 


	Plaque is a Healing Response


[8] Plaque forms over injured blood vessels. If you suffer plaque deposits, it is likely you owe your life to this material that narrows your arteries. Without plaque, your weakened blood vessels would rupture or leak causing internal bleeding and death. A slower version of scurvy, the disease long dreaded by ancient sailors. (James Lind discovered (year 1753) that eating fruit prevents this disease. Acute scurvy can be prevented by a mere 10 mg vitamin C per day.) 

[9] The correct terminology for cardiovascular (heart) disease then is "chronic" scurvy or "sub clinical" scurvy. The human body's healing response to chronic scurvy is what medicine calls coronary heart disease (CHD), AKA cardiovascular disease (CVD), "heart disease", "atherosclerosis", "arteriosclerosis", "hardening", "plaque", "narrowing", etc. This process by itself rarely kills people, but plaque lined arteries make heart attack more likely from a blood clot or blockage. (Plaque lined arteries can not easily dilate in response to a clot.) It is currently unknown what amount of vitamin C prevents the atherosclerotic plaques of chronic scurvy, but Linus Pauling often recommended 3000 mg. 

	Lp(a): The Surrogate Healing Factor


[10] The chronic scurvy healing process begins with an important "sticky" form of cholesterol. Pauling and Rath were among the first to attach utmost importance to the blood lipid: lipoprotein(a), or Lp(a) for short. From the research that led to the 1985 Nobel prize, medical researchers learned how plaque deposits as Lp(a) binds to lysine strands that appear in the arterial walls creating fibrinogen. Lysine and proline are building blocks of the collagen super-molecule, but the Cholesterol or Lysine strands the Lp(a) Binding Sites adhere to are not normally exposed. The binding sites can adhere only after blood vessels crack or suffer a small sore or lesion. Scientists have since discovered the Lp(a) Proline Binding Sites too. Note: Mainstream medical science has known since 1989 that Lp(a) binds to form plaque, not ordinary LDL. [2, 4] 

[11] Many experts believe that something circulating in the blood must cause these cracks in our blood "pipes." For many years, ordinary LDL cholesterol has been blamed because elevated levels have sometimes been correlated with heart disease. Other scientists correlated elevated homocysteine and oxidized cholesterol. Again, the confusion is cause and effect. If cholesterol causes cracks or lesions, plaque should be more randomly distributed throughout the blood stream. According to the Pauling/Rath unified theory, both elevated homocysteine and oxidized cholesterol are symptoms of scurvy. 

Before teaming with Pauling, Dr. Rath's German research team examined plaque from human aortas (blood vessels near the heart) post-mortem. They discovered that atherosclerotic plaques are composed primarily of Lp(a), not ordinary LDL cholesterol. [2, 4] Dr. Rath, realized that Lp(a) was connected somehow with vitamin C and joined the Linus Pauling Institute of Science and Medicine. Together, Pauling and Rath developed their unified theory which holds that increased Lp(a) acts as a surrogate for low vitamin C and hardens weak blood vessels. Their experiments to test their theory proved that low vitamin C intake will increase blood levels of Lp(a) in test animals compared to controls. 

[13] An important finding is that this sticky Lp(a) (an LDL-like cholesterol substance) has only been found in the very few animal species that do not make their own vitamin C, including humans. Today, most animals: 

· Make vitamin C in their livers or kidneys, in large "mega" amounts (9,000 mg to 12,000 mg adjusted for body weight - which is high by current medical standards), 

· do not have Lp(a) in their blood, and 

· rarely suffer cardiovascular disease. 

We humans are almost unique among life on Earth in that we must get our vitamin C entirely from the diet. 
Linus Pauling the Chemist led the medical paradigm shift from vitamins-as-prevention to vitamins-as-therapy. His efforts have failed to sway most medical doctors. Then in 1991, armed with the knowledge of how and why Lp(a) binds to our arteries creating plaque, Pauling invented the way to unbind Lp(a). The cure for heart disease. 

[15] The Pauling invention nullifies the binding effect of Lp(a) to the damaged arterial wall. The agents can be taken by mouth and act chemically as solvents that both prevent and attack existing plaque formations. The formula also attacks the root cause by stimulating the production of collagen. With collagen, blood vessels stay healthy or heal normally, so there are no cholesterol binding sites to attract Lp(a). 

[16] According to one Pauling/Rath 1994 United States patent, the amino acid lysine (lysine analogs), along with vitamin C and other antioxidants (e.g. Co-Q10, vitamin E and vitamin A), can, in sufficient concentration, inhibit Lp(a) binding to exposed lysine residues. Proline residues are also exposed by lesions in blood vessels. Later experiments showed that proline is a powerful binding inhibitor. Proline and lysine, with vitamin C, other amino acids and antioxidants, in oral amounts well past what is needed for prevention, becomes a solvent by inhibiting the binding of Lp(a). (Note: Arginine and proline have been shown to inhibit the binding of apo(a) to the LDL cholesterol molecule, thus interfering with the formation of Lp(a).) An Lp(a) binding inhibitor, augmented with vitamin C, can stop and apparently even reverses plaque formations. (Pauling and Rath's second U. S. patent is for using binding inhibitors as solvents to melt atherosclerotic plaques during organ transplants or heart surgery. The organ or blood vessel is dipped in the Lp(a) Binding Inhibitor solution and any surface plaque melts away.) 

[17] The Pauling Therapy consists of safe substances required for life. At sufficient dosage these substances act like a powerful drug. However, there are no known adverse side effects, other than the laxative effect of vitamin C. 

The Pauling mega-vitamin/amino acid therapy increases blood concentrations of important substances to: 
· Strengthen and heal blood vessels, 

· Lower Lp(a) blood levels and keep Lp(a) levels low, and 

· Inhibit the binding of Lp(a) molecules to the walls of blood vessels. 

Unlike ordinary drugs, there are no health risks. 

[19] We call high intakes of these substances, esp. vitamin C and lysine, the Pauling Therapy. The Pauling Therapy treats the root cause and our experience shows it can rapidly reverse advanced heart disease. 
Life Extension scientists demonstrate that high-vitamin C supplement takers have NO signs of cardiovascular disease ] 

Over time, the increasing number, and internal consistency of the reports that reach us citing rapid improvement, are convincing that Linus Pauling was correct. Heart disease is chronic scurvy. We base this on our understanding of the Pauling/Rath unified theory, the Pauling/Rath experiments, the Willis work, and the current Lp(a) medical literature, combined with the constant stream of anecdotal reports. Vitamin C and lysine, along with proline and antioxidants not only work well, they work miracles. 
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