Vitamin C

In addition to proteins, lipids and carbohydrates, which are consumed in large quantities, the human body also requires a variety of nutrients in smaller quantities. Minerals and vitamins are two groups of these. They can be 

distinguished by their chemical nature: minerals are chemical elements, usually in an ionic form, and vitamins are organic compounds. Although many of the vitamins are needed in minute quantities, they cannot be 

made in the body and are therefore essential components of the diet. For example 
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vitamin C is a compound called ascorbic acid (Figure 1). It is needed for the 
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synthesis of the collagen fibers that form part of many tissues in the body, 

including skin and blood vessel walls. A variety of symptoms develop as a 

result of vitamin C deficiency, which are collectively known as scurvy. 

Experiments have been done to try to discover the minimum amount of vitamin C 

needed in the diet to prevent scurvy. These are described later. Adults were found 

to require only about 10 mg of vitamin C per day, but the recommended daily 

allowances that national governments have set are much higher than this – typically 

30-60 mg for adults. These levels of intake are set to give a safety margin and allow for individual variation. Intake levels above about 75 mg do not cause any increases in blood plasma concentrations of vitamin C, but despite this there have been repeated claims of health benefits from higher intakes, and recommended daily allowances may be revised upwards.

Vitamin C and the Common Cold

Linus Pauling was a distinguished American chemist and double Nobel Prize laureate. He claimed that taking massive doses of vitamin C protects the body against upper respiratory tract infections, such as the common cold. Other scientists have issued counter-claims that these does do not give protection and could even cause problems of deficiency when they are stopped. The body becomes accustomed to excreting the excess – called systemic conditioning. If intake drops back down to normal levels, the symptoms of scurvy can develop. This is called rebound malnutrition.

Determining the Recommended Daily Allowance of Vitamin C

During the Second World War, experiments were conducted both in England and in the US using conscientious objectors to military service as volunteers. The volunteers were willing to sacrifice their health to help extend medical knowledge. A vitamin C trial in England involved 20 volunteers. For six weeks they were all given a diet containing 70 mg of vitamin C. Then, for the next eight months, three volunteers were kept on the diet of with 70 mg, seven had their dose reduced to 10 mg and ten were given no vitamin C. All of these ten volunteers developed scurvy. Three-centimeter cuts were made in their thighs, with the wounds closed up with five stitches. These wounds failed to heal. There was also bleeding from hair follicles and from the gums. Some of the volunteers developed more serious heart problems. The groups given 10 mg or 70 mg of vitamin C fared equally well and did not develop scurvy.

Experiments on requirements of vitamin C have also been done using real guinea pigs, which ironically are suitable because guinea pigs, like humans, cannot synthesize ascorbic acid. During trial periods with various intakes of vitamin C, concentrations in blood plasma and urine were monitored. The guinea pigs were then sacrificed and collagen in bone and skin was tested. The collagen in guinea pigs with restricted vitamin C has less cross-linking between the protein fibers and therefore lower strength.

Vitamin D

Vitamin D (figure 2) is needed for calcium absorption from food in the intestines,                 
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so the symptoms of vitamin D deficiency are similar to those of calcium, 
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with children developing the skeletal deformities known as rickets. 

Vitamin D does not fit the definition of a vitamin very well, as it can be 

synthesized in the skin. This only happens when sunlight, or another light 

source containing ultraviolet light with wavelengths in the range 

290-310 nm, strikes the skin. If teenagers and adults spend enough time 

outside, with their skin uncovered, no vitamin D is required in the diet. 

Children, pregnant women and elderly people are recommended to eat 

10 (g per day, to supplement the amount made in their skin. There are 

few dietary sources of vitamin D. Oily fishes including herring, mackerel, sardines and tuna are rich sources. Eggs and liver also contain some, and certain foods such as margarine and milk are artificially fortified with vitamin D.

Ultraviolet light has some harmful consequences, including mutations that can lead to skin cancer. Melanin in the skin intercepts and absorbs light, including the ultraviolet wavelengths. Dark skins therefore give good protection against cancer, but they also reduce vitamin D synthesis. In indigenous human populations, skin color balances the twin risks of vitamin D deficiency and cancer or other damage due to ultraviolet light. After population migrations there can be problems. In the 1970s immigrants with dark skin from the Indian subcontinent living in the United Kingdom started to show symptoms of vitamin D deficiency. Immigrants from northern Europe with light skin living in Australia were found to have high rates of malignant melanoma. Australians with light skin were then advised to stay out of bright sunlight, cover their skin or apply sun-block creams.

Vitamin D deficiency in Multicultural Australia

Table 2 shows the results of a survey conducted at a hospital in Melbourne. Measurements were made of the concentration of vitamin D in the blood plasma of pregnant women who were dark-skinned or who for religious reasons wore a veil that covered their skin. The table shows the numbers and percentage that had less than the lowest acceptable concentration of 22.5 nmol dm-3 and the sample sizes.

Table 2

	Skin Color

	Skin covering*
	Very dark
	Intermediate
	Light

	Consistently covered
	6/6 (100%)
	1/2 (50%)
	23/25 (92%)

	Inconsistently covered
	3/5 (60%)
	1/3 (33%)
	18/24 (75%)

	Uncovered
	2/2 (100%)
	2/3 (67%)
	0/0 -


*Consistently covered – women always covered up, including arms, hair and neck, when outdoors; inconsistently covered – women did not usually cover fully in their own garden; uncovered – women did not generally cover their arms, hair and neck when outdoors.

Adapted from Biology Course Companion by Andrew Allott and David Mindorff (2007).
