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A RE-EVALUATION OF NUTRITIONAL GOALS 

– NOT JUST DEFICIENCY COUNTS
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ABSTRACT

There is considerable controversy about the soundness and relevance of
so-called "megavitamin" therapy for various illnesses. In this article
it is suggested that this disagreement is caused to a large extent by
the use of two very different approaches to nutrition, which are
referred  to  here  as  the  "nutritional  need"  and  "optimal  intake"
approaches. It is clear that a re-evaluation of the goals of nutrition
is  required,  as  nutritional  recommendations  deal  mainly  with  the
prevention of deficiency diseases and are not concerned with optimal
levels of intake.

THE NUTRITIONAL NEED APPROACH

Originally some deficiency diseases, such as pellagra and beri-beri,
were  thought  to  be  infections.  Typically,  classical  infectious
diseases are all-or-none diseases: either a person has pneumonia or
they do not. Deficiency diseases were thought to be of a similar
nature, i.e. it seemed as if a person was either affected by a
deficiency or they were not. Although the cause of deficiency was
subsequently found to be different, the all-or-none conception still
remained. In this all-or-none description of deficiency, "nutritional
need" is the critical daily intake which divides the two states of
health: sick and well. Thus nutritional need corresponds to the
smallest amount which prevents deficiency. This conceptual framework
leads to the attitude that, when there is no obvious deficiency, no
benefit can be derived from increased amounts of essential nutrients.

The all-or-none notion of deficiency is widely accepted, at least
implicitly.  For  example,  it  is  assumed  in  Recommended  Dietary
Allowances (RDA)(1). In these recommendations nutritional need is
used as a basic concept, yet no attempt is made to examine its full
implications. The assumption of the all-or-none nature of deficiency
is, however, an oversimplification of the effects of nutrients on the
body. A severe deficiency is only a pre-morbid condition with an
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extremely low concentration of a nutrient in the body. The rates of
typical biochemical reactions of nutrients change smoothly with con-
centration and thus the idea of an exactly quantifiable "nutritional
need" seems to be unintelligible at the biochemical level, because it
implies that sudden changes would occur between deficiency and normal
health (2, 3). "Nutritional need", "physiological requirement", and
"adequate amount" may be acceptable in everyday language, but they
should not be allowed to distract attention from the smooth dose-
effect relationship between nutrient intake and the body's metabolic
processes.

In an attempt to alleviate the crudeness of the all-or-none approach,
the terms "marginal" and "subclinical deficiency" have sometimes been
used to denote the region between a severe deficiency and normal
health. This division of health into three states is also arbitrary,
even if it may be practical in some cases.

THE OPTIMAL INTAKE APPROACH  

Instead of being satisfied with the absence  of overt signs of
deficiency it is possible to aim for optimal levels of intake. The
"optimal intake" approach seems to have a valid biochemical basis (2).
A gradual increase in nutrient concentration in the body from a very
low to a very high level results in a change from deficiency to toxic-
ity. Accordingly, deficiency and toxicity are respectively caused by
too-low and too-high rates of reaction. The reactions associated with
the physiological signs of deficiency and of toxicity are usually
different. Somewhere between these extremes are optimal concentrations
and  reaction  rates,  which  promote  the  best  possible  metabolic
functioning of the body, i.e. "best possible" health with respect to
the nutrient in question. These optimal concentrations are maintained
by optimal levels of intake.

"Health" is a concept which only has relevance at the physiological
level, and thus optimal levels of intake cannot be derived solely from
biochemical data. However, biochemical knowledge may suggest which
physiological processes intake levels may affect most. Moreover,
health is a vague and non-quantifiable expression, but it can be given
operational  interpretations  such  as  morbidity  and  mortality  at
population level. At an individual level, controlled tests or the
"trial and error" method allow comparison of the effects of different
amounts of nutrients over a short period.

Differences between people at the biochemical level may be expected to
cause large variations in individuals' optimal levels of intake. Such
individuality  with  respect  to  nutrition  has  been  illustrated  by
experiments with laboratory animals (4, 5). Furthermore, within an
individual, the optimum level may be affected by various factors, such
as diseases, which cause changes in the body at the biochemical
level. Thus a specific optimum level which is the same for all people,
or even constant for an individual, cannot be expected. Also, the top
of the "health condition against nutrient intake" curve may well be
quite a wide plateau and is most unlikely to have a sharp peak
corresponding to an exact level of intake. Thus, in practice, the
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optimal intake approach is no easier than the mere prevention of
deficiencies, yet it appears to be biochemically valid, in contrast to
the nutritional need approach.

Originally the optimal intake approach was proposed as a method of
psychiatric treatment, with its main goal the "optimum concentrations
of substances normally present in the body" (6). This was labeled the
"orthomolecular" approach.

It has been pointed out that an exact "ideal intake" or "ideal diet"
is unattainable (7). This is true, for example, because of biological
variations. However, in many fields of science exact values and
solutions  are  not  attainable,  but  approximations  are  made  and
approximate values aimed for. In the same way, approximation of
optimal amounts at a population and at an individual level would seem
a sound goal in the field of nutrition.

Sometimes  the  optimal  intake  (i.e.  orthomolecular)  approach  is
misunderstood to assume that a larger intake always leads to better
health. The fact that very large amounts of particular nutrients are
found to be toxic in some cases is used as a counter-argument to such
an  approach  (8,  9).  In  fact  the  optimal  intake  approach,  by
definition, aims at optimal amounts for health. Toxic amounts, by
definition,  exceed  optimal  levels,  and  any  possible  nutrient
supplementation should obviously stay below these levels. Actually,
many essential nutrients are virtually non-toxic in quantities much
higher than the RDA level (1, 10).

There is nothing particularly ingenious about the optimal intake
approach, except that it is in strong discord with the approach used
in RDA and with the traditional approach in general. RDA levels are
not optimal and they are not intended to be. Indeed, in RDA it is not
taken into account that the reaction rates and metabolic processes of
the body depend on concentrations and thus on levels of intake (1, 2).

VITAMIN C - GENERAL OBSERVATIONS

Vitamin C is an interesting example of a nutrient, as man is among the
very rare mammalian species unable to synthesize it (11), and because
it has been a subject of intense controversy amongst those interested
in nutrition.

Biochemical data do not provide a basis for evaluating optimal intake
levels for vitamin C; but concentration and reaction rate changes,
seen at the biochemical level, suggest that physiological effects may
be expected, either beneficial or harmful. If a large intake does not
affect the levels in the body e.g. because of effective saturation of
intestinal absorption, then these large intake levels may be expected
not to have any effect on the metabolic functions of the body, except
perhaps  within  the  intestines  and  stomach.  Even  the  latter
possibility is sometimes worth considering. For example, it has been
suggested that vitamin C may prevent the formation of carcinogenic
nitrosamines by reacting with nitrite within the stomach (12, 13).
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It  is  sometimes  argued  that  large  doses  of  vitamin  C  have  no
physiological effect, because "surplus" is excreted in urine. However,
increasing a single ingested vitamin C dose from 1.5 to 12 grams caus-es
a monotonous increase in the peak concentration in blood plasma  
(4). The plasma concentration in the body is of principal physiological
importance as it affects metabolic processes, while the excretion  
rate of unmetabolized vitamin C is of minimal physiological interest.
Moreover, as the vitamin C dose is increased from 1.5 to 12 grams
there is a decrease in the percentage of the vitamin that is absorbed
from 50 % to 16 % yet the absolute amount absorbed is increased from
0.7 to 1.9 grams (14). Thus, in this case, there is no simple
saturation of intestinal absorption. Instead, a higher intake causes
more vitamin C to be absorbed causing a higher level in the body.
However, in the long term vitamin C metabolism is altered by regular
ingestion of large doses thereby complicating the dose-concentration
relationship (15).

Clear signs of scurvy appear when the vitamin C concentration in the
plasma decreases below 0.2 mg/dl (16), while high intakes may increase
vitamin C concentration up to 2-3 mg/dl (14, 17). Accordingly, large
variations in the rates of some ascorbate-dependent reactions may be
expected; but, as noted above, the higher levels may or may not be
beneficial. Data at the physiological level is needed to determine
which amounts are best for health.

VITAMIN C - NUTRITIONAL ASPECTS

The  evaluation  of  experimental  data  depends  upon  a  conceptual
framework.  The  nutritional  need  and  optimal  intake  approaches
correspond to two different "paradigms", to use Kuhn's terminology
(18). The "paradigm" is the network of basic assumptions, concepts and
values in a scientific field. Accordingly, the paradigm determines
what may be considered worth studying, what may be taken as an axiom
or as an illusion, what are reasonable criteria for "proof" etc.
Differences in the paradigms used in the two approaches may be seen
from the arguments put forward in discussion of, for example, the
effect of vitamin C on the common cold.

If the sole function of vitamin C is taken to be the prevention of
scurvy, then there is no accounting for the fact that in many studies
vitamin C, taken in amounts well above the RDA level, has been found
to  alleviate  the  symptoms  of  the  common  cold.  Accordingly,  the
nutritional need paradigm causes this phenomenon to be artificially
labeled "pharmacological" as it does not relate to scurvy, and the
conclusion to be drawn that the effect is so small that vitamin C can
not be suggested as a "drug cure" for the common cold (1, 19, 20).

On the other hand, if optimum dosage is the goal, then the several
studies which have found that large amounts of vitamin C do ameliorate
common cold symptoms suggest that the optimum dose for vitamin C is
well above the RDA level (21). The studies which have not found a
beneficial effect of vitamin C on cases of the common cold have not
found toxic effects either, and thus do not suggest that the amounts
used were significantly in excess of the optimum range. Moreover,
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inconsistencies in the results of common cold studies may largely
result from uncontrolled variables such as the basal vitamin C intake.
As an extreme example, in one study the control group excreted on
average ca. 300 mg of vitamin C in urine per day (22), and the intake
level must have been even higher. Instead, the relevant question
should be whether a low level of intake, say, 60 mg/day (RDA level)
results in longer lasting and more severe symptoms of the common cold
than higher amounts which may be expected to be nearer to the optimal
level. Thus very different conclusions can be drawn from the same set
of data by using different paradigms.

There is limited data available about the effect of vitamin C intake
level on population health, but in one study with people over 50 years
old it was found that a vitamin C intake of less than 50 mg/day was
accompanied by over twice the mortality rate during the seven years
of study as compared with a group with a higher intake level (23). In
another study, general state of health was determined by the Cornell
Medical Index Health questionnaire. The group which had a vitamin C
intake of over 200 mg/day had on average 18 % fewer clinical symptoms
and signs than the group with an intake of less than 100 mg/day. The
group with an intake of 100-200 mg/day was also between the other
groups in its average number of symptoms and signs (24). Furthermore,
a negative correlation between vitamin C intake and standard mortality
ratios for several diseases in different regions of the United Kingdom
has been found (25). In the nutritional need framework such findings
may seem arbitrary as they are not related to clear signs of scurvy;
but, when taking into account the actual changes at the biochemical
level due to a higher intake of vitamin C, these data suggest that a
higher intake is closer to the optimum within the region studied.

In contrast to this, the RDA level for vitamin C is 60 mg/day. It has
been chosen only because it provides "adequate reserves" for about one
month before the development of obvious signs of scurvy. It is not
chosen because any beneficial effects are to be expected from taking
just 60 mg/day (1, 2).

Vitamin C also serves as an example of how external factors may affect
the optimum level. In rats, which are able to synthesize vitamin C
internally, certain foreign compounds dramatically increase vitamin C
production (26). This suggests that a higher concentration in the body
may be closer to the optimum in such a case. In fact, vitamin C is
known to participate in drug metabolism (27). An example of metabolic
differences between population groups is that of tobacco smokers, who
have a lower level of vitamin C in the blood than non-smokers with the
same level of intake (28). Thus the optimal intake level must be
higher in smokers if the same level in blood corresponds to optimum.
Moreover, it is even probable that the level in blood corresponding to
optimum is higher for smokers due to a need for a higher rate of
metabolism of foreign compounds. This implies an even higher optimum
intake level for smokers.

There are many interesting reports which claim the efficacy of high
doses of vitamin C in treating a variety of medical disorders (21, 29-
43). Such claims cannot be discounted on biochemical grounds. Yet more
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studies are needed to evaluate optimum levels of vitamin C, for
prevention of illness in healthy people and for treatment of the sick.

THE ROLE OF NUTRIENTS IN ENZYME FUNCTION  

Many vitamins and trace elements serve as co-factors of enzymes.
Binding of co-factors to enzymes is a true saturation process, as only
the bound fraction may be expected to serve the co-factor function.
The degree of saturation depends on the co-factor concentration but
maximum saturation is approached only slowly as the concentration is
increased.

For enzymes it is functionally valid to assume that maximal saturation
would be better than any intermediate degree of saturation. Higher
enzyme activity would allow a higher metabolic flux when necessary.
In many metabolic pathways there are mechanisms which control the
activity of the pathway. Metabolic flux may be effectively reduced by
a  regulatory  enzyme,  but,  when  a  maximum  rate  is  needed,  the
saturation degree of many of the other enzymes present can be crucial.
Moreover, many enzymes are not components of such well controlled
pathways. Indeed, metabolism is sensitive to changes in co-factor
levels. The severe symptoms of many vitamin deficiencies may be
expected to result from a low degree of saturation of one or more of
the enzymes which use a deficient co-factor. This suggests that an
intermediate degree of saturation may have subtle effects which are
important in the long term.

Toxic effects can result from very high levels of some co-factor type
nutrients. They are definitely not caused by more perfect saturation
of the enzymes for which they serve as co-factors, but by reactions
unrelated to their role as co-factors.

THE PHYSIOLOGICAL RELEVANCE OF THE DEGREE OF SATURATION OF ENZYMES  

Many nutrients are well known to affect enzyme activities in the body.
For  example,  thiamine,  riboflavin  and  pyridoxine  affect  enzyme
activities in erythrocytes (44-46). Enzyme activity in other tissues
also depends on intake levels, but it is not experimentally feasible
to determine the degree of saturation of all the relevant enzymes in
the human body as a function of intake level.

The effect of intake level on metabolic processes may be illustrated
by the case of pyridoxine. A low pyridoxine intake level causes large
amounts of tryptophan metabolites to be excreted in the urine in
tryptophan loading tests (47). With a normal pyridoxine intake level
the same metabolites are processed effectively by the more saturated
enzymes and much smaller amounts of metabolites are excreted in the
urine. In some people the so-called "Chinese Restaurant Syndrome"
results from a large intake of glutamate, which is commonly used as a
flavouring in Chinese restaurants. This syndrome may be prevented by
increased intake of pyridoxine (48), which apparently saturates an
essential enzyme  and  thus  allows  a  higher  metabolic  flux  when
"chemical stress" is induced by glutamate. It is not known which is
the most significant enzyme in this case but pyridoxine is a common
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co-factor  of  enzymes  in  amino  acid  metabolism.  The  level  of
pyridoxine  may  also  affect  the  steady  state  concentration  of
homocysteine, which is a possible factor in arteriosclerosis (49).

Sometimes the saturation level of enzymes may be very relevant to
physiological functions. In experiments with laboratory animals many
vitamin deficiencies have been found to cause birth defects (50). The
same may also be expected in humans. Many vitamin deficiencies, such
as scurvy and pellagra, have pronounced psychological symptoms (51,
52). This implies that the functioning of the brain at a psychological
level depends on nutrition (6). It has been suggested that nutrient
supplementation is beneficial for various medical problems (50, 53-
67). Yet the optimal levels of intake with respect to reproduction,
mental functions etc. may vary individually so that some people may be
affected while most stay healthy with the same level of intake.

The use of large amounts of nutrients in treating psychiatric problems
in the orthomolecular approach has been the subject of controversy
(68-71). However, it seems that the opposition to the orthomolecular
approach is largely based on the nutritional need paradigm, which does
not consider  the dose-effect relationship  of  nutrients in brain
function to be a relevant consideration in the absence of obvious
deficiencies.

CONCLUDING REMARKS

Some objections to the optimal intake approach seem to arise from the
wide-spread existence of "quackery" (8, 9, 72, 73). Yet what may be
labeled as quackery depends strongly upon which paradigm is used. In
a strict nutritional need approach all use of vitamins for a purpose
other than dealing with overt deficiency may be called quackery.
However, what may appear as blatant quackery in the nutritional need
framework may seem a valid claim or a mild exaggeration in the optimum
intake framework. Unfortunately, there is much activity in the field
of nutrition which may be classified as quackery even from the point
of view of the optimum intake paradigm.

In the optimal intake approach there are two basic questions: 1) what
are the optimal levels of nutrient intake and 2) how large is the
benefit to health caused by optimal intake in comparison with a
"normal" or "balanced" diet. There is evidence to suggest that, in
many cases, the optimum may be much higher than the RDA level, and
that the benefit to health may be large in some cases and noticeable
in several others. On the other hand it seems self evident that major
chronic diseases, for example, cannot be completely prevented or
treated by an optimum diet, even if some alleviation of the illness
can be hoped for. Much more experimental work needs to be done to
provide more detailed answers to the two questions posed above.

Acknowledgements: The author is grateful to Dr Simo Hemilä, Ilkka 
Tuomi, and to Mike Garner for their help in preparing the manuscript.

23

M.H.- B



REFERENCES  

1. Recommended Dietary Allowances, 9th ed. National Academy of
Sciences, Washington 1980.

2. Hemilä HO. Nutritional need versus optimal intake.
Med Hypotheses 14: 135-9, 1984.

3. Hemilä HO. A critique of nutritional recommendations.
J Orthomolecular Psychiatry 14: 88-91, 1985.

4. Williams RJ, Pelton RB. Individuality in nutrition: effects of
vitamin A-deficient and other deficient diets on experimental
animals. Proc Nat Acad Sci USA 55: 126-34, 1966.

5. Williams RJ, Deason G. Individuality in vitamin C needs.
Proc Nat Acad Sci USA 57: 1638-41, 1967.

6. Pauling L. Orthomolecular psychiatry. Science 160: 265-71, 1968.
7. Harper AE. Uses and misuses of the RDA. Am Pharm 18: 49-50, 1978.
8. Jukes TH. Megavitamin therapy. J Am Med Assoc 233: 550-1, 1975.
9. Herbert V. The vitamin craze. Arch Intern Med 140: 173-6, 1980.
10. DiPalma JR, Ritchie DM. Vitamin toxicity.

Ann Rev Pharmacol Toxicol 17: 133-48, 1977.
11. Nishikimi M, Udenfriend S. Scurvy as an inborn error of ascorbic

acid biosynthesis. Trends Biochem Sci 2: 111-3, 1977.
12. Kamm JJ, Dashman T, Conney AH, Burns JJ. Protective effect of

ascorbic acid on hepatotoxicity caused by sodium nitrite plus
aminopyrine. Proc Nat Acad Sci USA 70: 747-9, 1973.

13. Mirvish SS. Blocking the formation of N-nitroso compounds with
ascorbic acid in vitro and in vivo. Ann NY Acad Sci 258:175-80, 1975

14. Kübler W, Gehler J. Zur Kinetic der enteralen Ascorbinsäure-
Resorption. Internat J Vit Nutr Res 40: 442-53, 1970.

15. Tsao CS, Salami SL. Evidence of rebound effect with ascorbic acid.
Med Hypotheses 13: 303-10, 1984.

16. Hodges RE, Hood J, Canham JE et al. Clinical manifestations of
ascorbic acid deficiency in man. Am J Clin Nutr 24: 432-43, 1971.

17. Hornig D, Vuilleumier JP, Hartmann D. Absorption of large, single,
oral intakes of ascorbic acid. Internat J Vit Nutr Res 50: 309-14,
1980.

18. Kuhn TS. The Structure of Scientific Revolutions. 2nd ed.
Chicago: The University of Chicago Press, 1970.

19. Dykes MH, Meier P. Ascorbic acid and the common cold.
J Am Med Assoc 231: 1073-9, 1975.

20. Chalmers TC. Effects of ascorbic acid on the common 
cold.
Am J Med 58: 532-6, 1975.

21. Pauling L. Vitamin C, Common Cold, and the Flu. San Francisco:
Freeman & Co, 1976.

24



22. Miller JZ, Nance WE, Norton JA et al. Therapeutic effect of
vitamin C.  J Am Med Assoc 237: 248-51, 1977.

23. Chope HD, Breslow L. Nutritional status of the aging.
Am J Public Health 46: 61-7, 1956.

24. Cheraskin E, Ringsdorf WM. Human vitamin C requirement: relation
of daily intake to incidence of clinical signs and symptoms.
IRCS Med Sci 2: 1379, 1974.

25. Knox EG. Ischaemic-heart-disease mortality and dietary intake of
calcium. Lancet 1: 1465-7, 1973.

26. Street JC, Chadwick RW. Ascorbic acid requirements and metabolism
in relation to organochlorine pesticides. Ann NY Acad Sci
258: 132-43, 1975.

27. Zannoni VG, Rikans LE. Ascorbic acid and drug detoxification.
Trends Biochem Sci 1: 126-8, 1976.

28. Pelletier O. Vitamin C and cigarette smokers.
Ann NY Acad Sci 258: 156-67, 1975.

29. Dalton WL. Massive doses of vitamin C in the treatment of viral
diseases. J Indiana State Med Assoc 55: 1151-4, 1962.

30. Klenner FR. Significance of high daily intake of ascorbic acid in
preventive mediciene. J Internat Acad Prevent Med 1: 45-69, 1974.

31. Cathcart RF. Vitamin C, titrating to bowel tolerance, anascorbemia,
and acute induced scurvy. Med Hypotheses 7: 1359-76, 1981.

32. Schlegel JU. Proposed uses of ascorbic acid in prevention of
bladder carcinoma. Ann NY Acad Sci 258: 432-6, 1975.

33. Anah CO, Jarike LN, Baig HA. High dose ascorbic acid in Nigerian
asthmatics. Trop Geogr Med 32: 132-7, 1980.

34. Basu TK, Smethurst M, Gillett MB et al. Ascorbic acid therapy for
the relief of bone pain in Paget's disease.
Acta Vitaminol Enzymol 32: 45-9, 1978.

35. Schorah CJ, Newill A, Scott DL, Morgan DB. Clinical effects of
vitamin C in elderly inpatients with low blood-vitamin C levels.
Lancet 1: 403-5, 1979.

36. Kurz D, Eyring EJ. Effects of vitamin C on osteogenesis imperfecta.
Pediatrics 54: 56-61, 1974.

37. Horrobin DF, Campbell A. Sjogren's syndrome and the siccasyndrome:
the role of prostaglandin El deficiency. Treatment with essential
fatty acids and vitamin C. Med Hypotheses 6: 225-32, 1980.

38. Free V, Sanders P. The use of ascorbic acid and mineral supplements
in the detoxification of narcotic addicts.
J Orthomolecular Psychiatry 7: 264-70, 1978.

39. Ginter E. Marginal vitamin C deficiency, lipid metabolism, and
atherogenesis. Adv Lipid Res 16: 167-220, 1978.

40. Cameron E, Pauling L. Cancer and Vitamin C. California, Menlo Park:
Linus Pauling Institute of Science and Medicine, 1979.

25



41. Basu TK, Schorah CJ. Vitamin C in Health and Disease.
London: Groom Helm, 1982.

42. Hanck A (ed). Vitamin C: New Clinical Applications in Immunology,
Lipid Metabolism and Cancer. Internat J Vit Nutr Res, Suppl 23, 1982.

43. Stone I. The Healing Factor: Vitamin C against Disease.
New York: Grosset & Dunlap, 1972.

44. Hoorn RK, Flinkweert JP, Westerink D. Vitamin B-l, B-2 and B-6
deficiencies in geriatric patients, measured by coenzyme stimulation
of enzyme activities. Clin Chim Acta 61: 151-62, 1975.

45. Solomon LR, Hillman RS. Regulation of vitamin B6 metabolism in
human red cells. Am J Clin Nutr 32: 1824-31, 1979.

46. Sauberlich HE, Herman YF, Stevens CO, Herman RH. Thiamin requirement
of the adult human. Am J Clin Nutr 32: 2237-48, 1979.

47. Wolf H. Studies on Tryptophan Metabolism in Man.
Scand J Clin Lab Invest, suppl 136, 1974.

48. Folkers K, Shizukuishi S, Willis R et al. The biochemistry of
vitamin B-6 is basic to the cause of the Chinese Restaurant
Syndrome. Hoppe-Seyler's Z Physiol Chem 365: 405-14, 1984.

49. McCully KS. Homocystine, atherosclerosis and thrombosis:
implications for oral contraceptive users.
Am J Clin Nutr 28: 542-9, 1975.

50. Williams RJ. Nutrition against Disease. New York: Bantam, 1971.

51. Kinsman RA, Hood J. Some behavioral effects of ascorbic acid
deficiency. Am J Clin Nutr 24: 455-64, 1971.

52. Spies TD, Aring CD, Gelperin J, Bean WB. The mental symptoms of
pellagra. Their relief with nicotinic acid.
Am J Med Sci 196: 461-75, 1938.

53. Laurence KM, James N, Miller MH et al. Double-blind randomised
controlled trial of folate treatment before conception to prevent
recurrence of neural-tube defects. Br Med J 282: 1509-11, 1981.

54. Smithells RW, Nevin NC, Seller MJ et al. Further experience of
vitamin supplementation for prevention of neural tube defect
recurrences. Lancet 1: 1027-31, 1983.

55. Simkin PA. Oral zinc sulphate in rheumatoid arthritis.
Lancet 2: 539-42, 1976.

56. General Practitioner Research Group. Calcium pantothenate in
arthritic conditions. Practitioner 224: 208-11, 1980.

57. Harrison AR, Kasidas GP, Rose GA. Hyperoxaluria and recurrent stone
formation apparently cured by short courses of pyridoxine.
Br Med J 282: 2097-8, 1981.

58. Ellis JM, Folkers K, Levy M et al. Response of vitamin B-6
deficiency and the carpal tunnel syndrome to pyridoxine.
Proc Nat Acad Sci USA 79: 7494-8, 1982.

26



59. Harrell RF, Capp RH, Davis DR et al. Can nutritinal supplements
help mentally retarded children? An exploratory study.
Proc Nat Acad Sci USA 78: 574-8, 1981.

60. Rimland B, Callaway E, Dreyfus P. The effect of high doses of
vitamin B-6 on autistic children: a double blind crossover study.
Am J Psychiatry 135: 472-5, 1978 and 135: 1425-6, 1978.

61. Gelenberg AJ, Doller-Wojcik JC, Growdon JH. Choline and lecithin 
in
the treatment of tardive dyskinesia: preliminary results from
a pilot study. Am J Psychiatry 136: 772-6, 1979.

62.DeVeaugh-Geiss J, Manion L. High dose pyridoxine in tardive
dyskinesia. J Clin Psychiatry 39: 573-5, 1978.

63. Coleman M, Steinberg G, Tippett J et al. A preliminary study of
the effect of pyridoxine administration in a subgroup of
hyperkinetic children: a double-blind crossover comparison with
methylphenidate. Biol Psychiatry 14: 741-51, 1979.

64. Smith RF. Status report concerning the use of megadose nicotinic
acid in alcoholics. J Orthomolecular Psychiatry 7: 52-5, 1978.

65.Special issue for general practitioners. J Orthomolecular
Psychiatry, Fall, 1977.

66.Special nutrition issue. J Orthomolecular Psychiatry
12(2): 81-162, 1983.

67.Hawkins D, Pauling L (eds). Orthomolecular Psychiatry: Treatment of
Schizophrenia. San Francisco: Freeman & Co, 1973.

68.Megavitamin and Orthomolecular Therapy in Psychiatry. Task force
report 7. Washington, DC: American Psychiatric Association, 1973.

69.Pauling L. On the orthomolecular environment of the mind:
orthomolecular theory. Am J Psychiatry 131: 1251-7, 1974 and
131: 1405-6, 1974.

70.Hoffer J. The controversy over orthomolecular therapy.
J Orthomolecular Psychiatry 3: 167-85, 1974.

71.Hoffer A, Osmond H (eds). Megavitamin Therapy. In Reply to the APA
Task Force Report on Megavitamin and Orthomolecular Therapy in
Psychiatry. Saskatchewan, Regina: Canadian Schizophrenia
Foundation, 1976.

72.Nutrition Misinformation and Food Faddism. Nutrition Reviews,
A Special Supplement, July 1974.

73.Barrett S (ed). The Health Robbers. 2nd ed. Philadelphia:
Stickley & Co, 1980.

27


	THE PHYSIOLOGICAL RELEVANCE OF THE DEGREE OF SATURATION OF ENZYMES

