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It is the best of times and the worst of times for vitamins. Through the use of modern 
instrumentation and techniques, research on vitamin functions has provided a mass 
of accurate data upon which the rational use and avoidance of toxicity should be 
based (I). Many physicians, however, are lacking in sound knowledge of nutrition 
and the sensible use of vitamin supplementation. Also, there is a growing therapeutic 
cult for pharmacological and "megavitamin" doses of vitamins for various diseases 
(2). A battle rages between legislators and the FDA concerning control of advertis­
ing of OTe vitamin preparations (3). The consumption of vitamins increases yearly 
in the USA and this may be one important factor contributing to the increased 
incidence of toxicity. 

FAT-SOLUBLE VITAMINS 

Vitamin A 

Extensive articles testify to the toxicity of hypervitaminosis A (4-19). Ever since the 
curious syndrome of headache, vertigo, and diarrhea following ingestion of bear 
liver was noted by Arctic explorers in 1857, reports have continued to appear (4). 
Modern, sophisticated techniques have provided a wealth of detailed data but the 
exact pathogenesis of toxicity remains obscure. 

There is a tendency to associate toxicity with membrane phenomena. Small 
amounts of vitamin A are essential to maintain stability by providing cross-linking 
between the lipid and protein of the membrane. Large amounts of vitamin A 
combine with membrane lipoprotein and then with an exogenous protein to lyse red 
blood cells (20, 21). 

A retinol-binding protein that has an important role in transport has been charac­
terized. It has been suggested that clinical toxicity results in hypervitaminosis A 
when the amount of retinol binding protein is insufficient to bind and the cell 
membrane is exposed to unprotected vitamins (22). 

This is also true for fibroblastic membranes and for intracellular particles and the 
degradation of cartilage matrix in vitro (23, 24). The mechanism of increased 
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134 DIPALMA & RITCHIE 

cerebrospinal fluid pressure so characteristic of vitamin A toxicity remains un­
resolved but one wonders whether this may not be related to an altered membrane 
function in the choroid plexus (25, 26). Recent studies in animals have elaborated 
on this issue (27, 28). 

Normally vitamin A is not found in the urine. Yet, in lipoid nephrosis and 
glomerulonephritis, increased blood levels are found and such patients are intolerant 
to ordinary doses (29). The mechanism may be related to a carrier and storage 
disturbance caused by endogenous renal dysfunction. The anorexia, skin dryness, 
nausea, headache, and other symptoms seen in advanced renal disease may be 
related to this high serum vitamin A level (30). 

Chronic hypervitaminosis A results in a cirrhotic-like liver syndrome including 
portal hypertension. Liver biopsy shows typical lesions (31). Alcoholic liver cirrho­
sis may also be associated with vitamin A (32). A detailed study of the mi­
croanatomy of the liver in hypervitaminosis A in man and the rat is available (33). 
Special studies indicate storage of vitamin A in fat storage cells in the perisinusoidal 
spaces (34). 

Cases of hypercalcemia, bony changes, and premature epiphysial closure as a 
result of hypervitaminosis A continue to be reported (35-39). Older studies linked 
vitamin A with calcium and phosphorus metabolism although there is some ques­
tion of contamination of the preparations with vitamin D (39). No clear explanation 
of the pathogenesis exists. 

The tendency to treat acne vulgaris with large doses of vitamin A is attended by 
much clinical toxicity (18-39). Topical application is safer but still results in ery­
thema and peeling (40, 41). Another therapeutic indication, childhood blindness, 
seldom produces benefit and contributes to toxicity (42). 

There is considerable evidence of the teratogenic effects of vitamin A in the 
mouse, rat, hamster, and guinea pig. Malformations include cleft palate, fused ribs, 
spina bifida, meningocele, hydronephrosis, and heart and genitourinary abnormali­
ties (43-46). A human case with congenital renal anomalies resulting in a salt-losing 
nephritis has been reported (47). 

Interaction of vitamin A with vitamin E has been described by several authors 
(48, 49). A study in normal children showed no greater retention of vitamin A when 
vitamin E was simultaneously administered (50). On the other pand vitamin E 
enhances vitamin A utilization in rats. This suggests a degree of protection afforded 
by vitamin E (48). 

Women taking oral contraceptives show an increased serum blood level of vitamin 
A (51, 52). The suggestion has been made that this could result in fetal abnormalities 
in women who become pregnant immediately after prolonged oral contraceptive 
therapy. However, a retrospective study of such women did not reveal increased 
incidence of birth defects (53). 

Vitamin D 

Among the fat-soluble vitamins, vitamin D, like A, is a cause of overt toxicity. In 
the past, therapy of arthritis with large and prolonged doses gave rise to the greatest 
incidence of overt toxicity, but there are now many such examples in routine 
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VITAMIN TOXICITY 135 

nutritional therapy, in infancy, in pregnancy, and in renal disease. All relate to 
calcium metabolism in all of its intricacies (54--58). 

Recent advances in the metabolism of vitamin D and the chemistry and physi­
ology of its metabolites contribute heavily to the understanding of its toxicity (59). 
There is a growing tendency to regard vitamin D as a hormone rather than as a 
vitamin. First of all under normal circumstances it is not a dietary requirement. 
Ultraviolet light converts the "prohormone" 7-dehydrocholesterol in the skin to 
cholecalciferol (vitamin, D3)' This enters the bloodstream and in the liver vitamin 
D3 is metabolized to 25-0H D3 which then is transported to the kidney where 
conversion to 1,25(OH)2 D}, 24,25(OHh D}, and 1,24,25(OH)3 D} occurs. Little 
is known of the function of the latter two metabolites but 1, 25(OH)2 D3 proceeds 
to bone where it influences both deposition and mobilization of calcium and to the 
intestine where it controls absorption of calcium. 

Of interest to toxicologists is the fact that 25-hydroxylation of vitamin D is 
accomplished by the microsomal fraction of liver homogenates requiring an uniden­
tified cytoplasmic factor (60, 61). Since the reaction is not inhibitied by carbon 
monoxide, this system is apparently different from the all-inclusive P450 microso­
mal metabolizing enzyme system of the liver. Suggestive experiments indicate that 
the rate of this metabolism is inversely related to the blood level of vitamin D3. This 
offers some but not complete protection from overdoses. The system responsible for 
hydroxylation of 25-0H D3 to 1,25(OH)2 D3 in the kidney is associated with the 
heavy mitochondrial homogenate fraction. It is dependent on oxygen, Mg2+, and 
malate and is sensitive to carbon monoxide (62). The most important factor regulat­
ing the rate of this conversion is the level of blood calcium. High levels result in 
greater production of the less active metabolite 24,25(OHh D}; conversely, hypo­
calcemia results in high yields of 1,25(OHh D3 (63). A scheme whereby low blood 
calcium stimulates secretion of parathyroid hormones (PTHs), which in turn is 
responsible for the increased production of 1,25(OH)2 D}, has been proposed (59). 
Obviously in turn the higher level of 1,25(OH)2 D} causes increased absorption of 
intestinal calcium which provides the inhibiting feedback loop for PTH secretion. 
Not all investigators accept this explanation (64). Nevertheless, calcium has the 
pivotal role in the production of the active metabolite. 

The above metabolic scheme provides a veritable mecca for drug interaction, for 
antagonism and stimulation. An earlier observation showed that dactinomycin 
prevented the in vivo actions of vitamin D. This was presumed to be due to RNA 
synthesis. (65). It is now believed that the mechanism results from a depressed RNA 
protein synthesis upon which the rapid turnover rate of the I-hydroxylase system 
of the kidney is dependent (66). In rats dactinomycin and cycloheximide inhibit the 
conversion of 25-0H D3 to 1,25(OHh D} (67). It might be supposed that vitamin 
D is necessary for the decalcification of bone by calcitonin. However, no such 
relationship has been found. 

A consistent observation is that adrenal cortical steroids reduce the elevated 
serum calcium concentration found in hypervitaminosis D, sarcoidosis, and idi­
opathic hypercalcemia of infancy (69). The mechanism is associated with decreased 
intestinal calcium absorption. An enigma in this case is that hydrocortisone stimu-
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136 DIPALMA & RITCHIE 

lates vitamin D-dependent intestinal calcium-binding protein (70). In this regard 
puromycin has been reported to block calcium-binding protein and hence to de­
crease calcium absorption (71). 

Another drug interaction involving intestinal absorption of calcium pertains to 
the ability of vitamin DJ to cause increases in brush border alkaline phosphatase 
(72). The increase is blocked by cycloheximide, suggesting that vitamin D causes 
de novo synthesis of this enzyme. 

Oddly, few drug interactions have been reported for vitamin D despite its tremen­
dous potential in this regard. Hypoparathyroid patients require large doses of vita­
min D to maintain plasma calcium concentrations; also, vitamin D-resistant 
hypoparathyroidism has been reported (73-74). These patients ideally should be 
treated either with a combination of PTH and vitamin D or with 1,25(OHh D3. 

An older observation is the amelioration of hypervitaminosis D with large doses 
of vitamin A (75). There does not seem to be a rational explanation for this phenom­
enon. It has been reported that epileptics on long-term phenytoin therapy have an 
. increased incidence of rickets which is cured by vitamin D (76). Anticonvulsant 
osteomalacia also shows resistance to low doses of vitamin D3 (76). More recently 
in a controlled study the frequency of epileptic seizures was reduced by the addition 
of vitamin D but not placebo to the usual anticonvulsant drugs (77, 78). The results 
were not related to serum calcium or magnesium. Another study reports that 
phenobarbital induces the conversion of vitamin D to more polar metabolites which 
are more rapidly excreted (79). This appears unlikely, because hydroxylation of 
vitamin D3 is accomplished by a different microsomal liver enzyme system than that 
induced by phenobarbital. This lead needs in vivo work plus identification of the 
metabolites. 

An interesting study relates coronary heart disease and a high blood cholesterol 
to the high vitamin D diet of a group of farmers (80). A follow-up investigation 
demonstrated that Vitamin D increases uptake of 32Pi and its incorporation into 
phospholipids. There was also increase in hepatic cholesterol, total fat, and fatty acid 
content (81). 

Previous studies indicated the propensity of hypervitaminosis D to induce ne­
phrocalcinosis. Recent studies define the histological changes caused by vitamin D 
in rabbits(82). The exact mechanism remains obscure (83). In jirds, both hypothroi­
dism and hyperthyroidism increased the sensitivity to renal damage to hyper­
vitaminosis D. The pathology differed in the two sets of jirds, suggesting that 
mitochondria serve as temporary ion buffering systems which are stimulated in the 
hyperthyroid state (84). A peripheral study related the calcium-mobilizing effect of 
large doses of vitamin D3 in anephric rats (85). High doses in rats receiving low 
calcium, normal vitamin D diets showed no change in serum calcium. On the other 
hand vitamin D-deficient rats showed variances in serum calcium when challenged 
with large doses of vitamin D3. Removal of parathyroids and thyroid did not 
suppress this effect. 

Mobilization of calcium from bone and various degrees of osteoporosis are char­
acteristic features of hypervitaminosis D. Recent studies in mature thyropara­
thyroidectomized rats show that pharmacological doses of vitamin D produce 
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VITAMIN TOXICITY 137 

osteoclastic resorption, pronounced osteoblastic hyperplasia, and proliferation of 
chondrocytes in the epiphysial plates (68, 86). An ultrastructural evaluation of the 
effects of pharmacological doses of vitamin D and uremia on bone in the rat 
characteristically showed increased serum calcium levels, decreased metabolic activ­
ity of osteocytes, decreased activity of osteoblasts, and an increased number of 
osteoclasts (87). In tissue culture, the bone resorptive activity of 25-hydroxydihy­
drotachysterol (3) is easily demonstrated (88). 

Infants are peculiarly susceptible to vitamin D. When the diet of infants is 
oversupplemented, as occurred in England in World War II, the incidence of 
infantile hypercalcemia rises. The syndrome consists of cerebral, cardiovascular, 
and renal damage (89). In particular, supravalvular aortic stenosis is associated with 
this syndrome (90). An experimental study in pregnant rabbits demonstrated that 

placental crossing of vitamin D does occur. The offspring showed a high incidence 
of supravalvular aortic stenosis similar to that seen in man (91). 

Vitamin K 

Relatively few toxic reactions have been reported for vitamin K in recent years. This 
is no doubt because it is not available in multivitamin preparations and because no 
fads have developed for therapeutic use other than specific indications. In addition, 
vitamin K is seldom administered for prolonged periods; therefore, chronic toxicity 
is seldom a factor. 

The basis of toxicity of vitamin K has been well established as residing mainly 
in the water-soluble synthetic analogues of which menadione is a prime example. 
In contrast to phytonadione (vitamin K,) the water-soluble derivatives act as oxi­
dants in the body, causing red blood cell instability and hemolysis (92). The mecha­
nism is presumed to be similar to that of the oxidant metabolites of primaquine 
which cause hemolysis in glucose-6-phosphate dehydrogenase-deficient individuals. 
The effect is more pronounced in the newborn and particularly premature infants 

(93). Not all agree with the exact mechanism (94). Vitamin K3 (similar to menad­
ione) oxidizes hemoglobin to methemoglobin in vitro (95). 

Toxicity of menadione-like compounds is dose-dependent, especially in infants, 
and there are now adequate data to provide safe ranges of administration with 
therapeutic effect and absence of drug-induced hyperbilirubinemia and kernicterus 
(96). In general, vitamin K, is to be preferred in hemorrhagic disease of the newborn 
(97). However, it is to be noted that intramuscular injection of K, into the buttock 
may cause sciatic nerve paralysis (98). 

Vitamin K, especially water-soluble forms, induces radiosensitization. This has 
been used to amplify the therapeutic effectiveness of X rays (99). Another observa­
tion supports the view that vitamin K increases the analgesic effect of opiates and 
salicylates. This interaction has not resulted in clinical toxicity but has been used 
therapeutically (100). 

Few other drug interactions have been reported. Obviously, vitamin K will antag­
onize the anticoagulant effects of the coumarins. In this regard vitamin K\ is used 
exclusively (10\). Too large a dose may wipe out the anticoagulant effect for days. 
Some have even suggested a thrombotic effect (102). 
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138 DIPALMA & RITCHIE 

Experimentally in chicks, actinomycin D antagonized the prothrombin formation 
induced by vitamin K. The antinomycin D doses used inhibited the synthesis of 
RNA in the liver. This suggests a genetic action of vitamin K in inducing RNA 
formation for the synthesis of clotting proteins (103). 

An interesting observation demonstrated that vitamin K is a potent inhibitor of 
choline acetylase (104). If true, chronic administration should result in profound 
symptoms relative to the functions of acetylcholine. None have been reported. 
Perhaps this is because reserve stores of acetylcholine are so great that only very 
large doses for prolonged periods could cause deficiency. It would seem worthwhile 
to explore this observation further. 

Vitamin E 

No other vitamin has been as much the target of serious investigators on the one 
hand and cultists and fadists on the other as a-tocopherol. It continues to be the 
subject of studies in humans to determine its efficacy for such diverse conditions as 
heart disease, arteriosclerosis, progressive muscular dystrophy, habitual and threat­
ened abortion, sterility in the male, retrolental fibroplasia, hemolytic disease of the 
newborn, and many other conditions (105-115). A recent study subjected 28 adults 
to 100 to 800 international units (IUs) of vitamin E daily for a period of three years. 
On the average, plasma a-tocopherol was elevated from the control of 650 ,..,g/l00 
ml to 1340 ,..,g/loo ml under treatment. No apparent toxicity was found but neither 
were there any objective health improvements. Half of the subjects said they "felt 
better." Perhaps the only significant finding was a corollary increase in plasma 
vitamin A level (1\6). 

The difficulty in dealing with vitamin E is that its exact role in metabolism 
remains conjectural. Most investigators agree that it has antioxidant function but 
do not understand its role. Many attempts have been made to assign vitamin E as 
a general protector of structural lipoproteins or of oxidizable lipid components of 
enzymes. More recently the discovery that selenium is an essential component of 
glutathione peroxidase, which destroys H202 and organic hydroperoxides and thus 
protects against oxidative damage to cell membranes, has implicated vitamin E. In 
this system the latter is assigned the role of preventing the formation of liquid 
hydroperoxides (117). In chicks it can be shown that both selenium and vitamin E 
are essential nutrients for protection against exudative diathesis resulting from 
increased capillary permeability (118). If this is an important role of vitamin E, how 
can toxicity be predicted on this basis? Can it be reasonably assumed that an excess 
presence of an antioxidant ought not to be toxic since it is only protective and is 
not an actual component of the reaction? It would appear to be so from the lack 
of toxicity of high doses of vitamin E in many studies (105, \10). On the other hand, 
in the rat diets high in selenium, vitamin E. and ethyl alcohol showed increased fat 
deposition in the liver as compared with controls (119). 

In man the only significant toxicity seems to be allergy to vitamin E aerosol 
deodorant (120). In lower animals many toxicities have been reported, but the doses 
achieved have been much higher. Growth rate, thyroid function, mitochondrial res­
piration rate, bone calcification, and hematocrit are depressed, and reticulocytosis is 
increased in the chick (121,122). Testicular atrophy leading to decreased spermato-
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VITAMIN TOXICITY 139 

genesis but not endocrine functions in the hamster has been reported (123). Second­
ary sex characteristics are slow to develop in roosters subjected to high doses of 
vitamin E (124). A teratogenic tendency has been reported in mice (125). Vitamin 
E or other antioxidants (vitamin C) injected into fertile chicken eggs causes lethality 
(126). 

Among the few drug interactions reported for vitamin E are the increased require­
ments for vitamins A and D (127). Whether or not this is of clinical significance 
remains to be confirmed. According to one clinical study the maintenance dose of 
digitalis should be reduced by 50% in the presence of high doses of vitamin E (128). 

Oral contraceptives lower the serum level of a-tocopherol and may promote a 
deficiency (129). 

An interesting approach to the reduction of toxicity of the alkyl mercurials is to 
take advantage of the stabilizing effect of vitamin E on membranes. In tissue culture 
of rat cerebella DL-a-tocopherol acetate showed considerable protection against the 
inhibition of development by methylmercuric chloride of nerve fibers, glial cells, and 
fibroblasts (130). Protection against ozone pulmonary epithelial damage, mainte­
nance of embroynic growth, and enhancement of in vitro immune response are 
miscellaneous actions of vitamin E recently reported (131-133). It has been known 
for some time that vitamin E can protect experimentally against carbon tetrachlo­
ride hepatotoxicity, but recent studies show that the mechanism is not one of 
prevention of the perioxidation of this chemical (134). 

WATER-SOLUBLE VITAMINS 

Thiamin 

Aside from hypersensitivity reactions, few instances of toxicity of thiamin have been 
reported in the recent literature. Numerous reports of thiamin toxicity have ap­
peared in the literature of the forties and fifties primarily showing effects on the 
cardiovascular system and nervous system. Effects of excess thiamin on the nervous 
system include nervousness, convulsions, headache, weakness, trembling, and 
neuromuscular paralysis. Reports of thiamin toxicity on the cardiovascular system 
include rapid pulse, anaphylactic shock, peripheral vasodilatation, cardiac arrhyth­
mias, and edema (135-141). The decreased use of thiamin, especially parenterally, 
for various functional disorders appears to have resulted in a reduction of toxic 
reactions. 

Niacin 

Reports of niacin toxicity began appearing in the literature coincident with its use 
in the treatment of schizophrenia, as part of what has become known as the or­
thomolecular psychiatry therapeutic regimen. Toxic effects of niacin observed in this 
treatment can be summarized as follows: flushing, pruritus, skin rash, heartburn, 
nausea, vomiting, diarrhea, ulcer activation, abnormal liver function, hypotension, 
tachycardia, fainting, and hyperglycemia (142). 

The most common serious toxicities reported for niacin are abnormal liver func­
tion and jaundice (143-150). Niacin is used physiologically in the formation of the 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

7.
17

:1
33

-1
48

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

4/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



140 DIPALMA & RITCHIE 

pyridine nucleotides DPN (diphosphopyridine nucleotide or NAD) and TPN (tri­
phosphopyridine nucleotide or NADH). These nucleotides act as coenzymes for a 
number of dehydrogenase enzymes in oxidation-reduction reactions, which serve to 
initiate the transfer of reducing equivalents from metabolites to DPN or TPN. Many 
of the dehydogenases are found in the liver, and alteration of their activity by large 
amounts of niacin may explain the reports of abnormal liver function. 

Niacin has also demonstrated activity on the cardiovascular system. A transient 
vasodilatory effect, thought to be a direct action on small blood vessels, is a well­
known action of nicotinic acid. In examination of its possible use in coronary heart 
disease, the Coronary Drug Project Research Group conducted a study on the 
effectiveness of niacin to reduce the incidence of a second myocardial infarction. 
This study demonstrated very little benefit, but considerable toxicity, showing a 
greater incidence of atrial fibrillation and other cardiac arrhythmias in the niacin 
group than in the placebo control (151). 

Miscellaneous toxicities of niacin include skin changes with alterations of color 
and pigmented hyperkeratosis (152, 153). 

Riboflavin 

Riboflavin has demonstrated very little toxicity. However, in view of the current 
surge in cancer research, several interactions of riboflavin with other compounds 
may be of interest. Riboflavin deficiency has been shown to stimulate azo dye 
carcinogenesis and inhibit tumor growth in man and animals (154, 155). Riboflavin 
has also been shown to inhibit the uptake of methotrexate into neoplastic cells (154), 
and to have a slight inhibitory effect in 3,4-benzopyrene-induced skin tumors (156). 

Considering the role of riboflavin as a coenzyme in the forms flavin mononucleo­
tide (FMN) and flavin adenine dinucleotide (FAD) and the dependence of folic acid 
metabolism on a flavin cofactor, there may be an interaction with the flavins and 
neoplasias yet unknown that may aid in cancer research. 

Pyridoxine 

Pyridoxine causes convulsive disorders due both to an excess of the vitamin or to 
a deficiency state (156-158). The problem as to how the convulsant effect of the 
vitamin is manifested is also demonstrated with the interaction of pyridoxine and 
the antituberculosis agent isonicotinic acid hydrazide (INH) or isoniazid. One of the 
side effects of isoniazid therapy is a convulsive disorder, which may or may not be 
due to pyridoxine deficiency or to the drug itself. It has been generally believed that 
these convulsive disorders were not due to pyridoxine deficiency; however, some 
reports have indicated that patients on isoniazid therapy who developed seizures 
were quickly stabilized by the administration of pyridoxine (159-161). Chemically, 
it is known that the two agents, pyridoxine and isoniazid, will react together to form 
a hydrozone which is excreted, eliminating the pyridoxine from the system (162). 
It is also known that the pyridoxal hydrozones are 10 to 100 times more potent as 
convulsants than are the parent hydrazides (163, 164). A recent report describes the 
use of pyridoxine in a case of hydrazine-induced coma (165). 

Interactions of pyridoxine with other agents have also been reported. Among 
these is the ability of pyridoxine to reverse the therapeutic effect of levodopa used 
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VITAMIN TOXICITY 141 

in parkinsonism (166). The mechanism of this interaction is apparently due to the 
increased pyridoxine acting as a stimulator in its coenzyme role in the decarboxyla­
tion of dopa to dopamine in the periphery, resulting in less dopa to exert a central 
nervous system (CNS) effect. 

Other toxic effects of pyridoxine have been reported and are adequately described 
elsewhere (158). Examples of other effects of pyridoxine not covered in this review 
include the interactions of pyridoxine with oral contraceptives (167), the antagonism 
of quinidine-induced atrial contractions (168), and the antagonism of penicillamine 
used in the treatment of Wilson's disease (169). 

Folic Acid 

Folic acid toxicity has been reported in the CNS and the renal system. Concerning 
the CNS, folate toxicity deals primarily with epileptic patients and interactions with 
phenytoin (diphenylhydantoin, DPH). Considerable controversy exists as to 
whether or not the fit-frequency of epileptics is increased or decreased with the 
administration of folic acid. Several reports indicate that folic acid therapy causes 
no change in the fit-frequency of the majority of patients on anticonvulsant drugs 
(170-175). Others report an increase in the fit-frequency (176-178). A direct convul­
sant effect of folic acid has also been demonstrated experimentally (179, 180). It 
seems most likely that the reports showing a decrease in DPH levels and a decrease 
of DPH effect due to the coadministration of folic acid would favor the reports of 
increase in fit-frequency with folate (181, 182). Possible explanations of this effect 
have been proposed. One theory suggests that folic acid alters the metabolism of 
DPH to an unknown route resulting in rapid inactivation of the anticonvulsant 
agent (181). Other theories also concern metabolism but suggest an alteration of 
existing pathways of brain amines causing the convulsant effect (178, 183). Either 
of these theories could explain the convulsant effect of folic acid. 

The other major area of folic acid-induced toxicity is in the area of renal cell 
hypertrophy. In these studies the effect of large doses of folic acid given to experi­
mental animals caused an immediate increase in DNA synthesis and total protein 
content along with hypertrophy and hyperplasia of the kidney epithelial cells (184-
186). It is suggested that the mechanism for this phenomenon is a regenerative 
process of the epithelial cells due to folate deposition in the tubule (187-189). 

Other miscellaneous toxicities of folic acid have also been controversial. Mental 
changes, sleep disturbances, gastrointestinal upset, malaise, irritability, and excit­
ability in normal volunteers have been reported (190). In contrast, numerous others 
have shown no effects of folic acid in normal subjects (191-193). 

Ascorbic Acid 

Ascorbic acid recently has received considerable exposure in the literature concern­
ing its use as a prophylactic measure against the common cold. The effectiveness 
of this regimen has yet to be definitively confirmed or disproven (194). There has 
been very little known concerning the toxicity of ascorbic acid. Recently, it has been 
demonstrated that large doses of ascorbic acid may cause diarrhea and acidification 
of the urine causing the precipitation of cystine or oxalate stones in the urinary tract 
(195). Also, it has been shown that if large doses of ascorbic acid are taken during 
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pregnancy, the infant may develop scurvy when removed from this high ascorbic 
acid environment by birth (195). 

There have been interactions of ascorbic acid with other agents reported. Ascor­
bic acid has been shown to shorten prothrombin time when the patient is maintained 
on heparin or warfarin (196). Ascorbic acid has also recently been shown to destroy 
substantial amounts of vitamin B-12 when it is ingested with food (197, 198). This 
could develop into a very serious problem since many people use high dose ascorbic 
acid therapy to prevent the common cold. Should the person continue to destroy 
vitamin B-12 with this type of self-medication over a period of years the develop­
ment of megaloblastic anemia may be a potential hazard. Ascorbic acid in a dose 
of 8.0 g for 3 to 7 days caused sustained uricosuria associated with a fall in uric acid 
of 1.2-3.1 mg/dl. Possibly, this could cause precipitation of gouty arthritis or renal 
calculi in susceptible persons (199). 

CONCLUSIONS 

Excessive and indiscriminate use of vitamins is associated with severe and incapaci­
tating toxicities. This is especially true of vitamins A and D, particularly when used 
in larger doses, but even in special circumstances when administered in supplemen­
tal doses. The water-soluble vitamins have been virtually nontoxic when used in 
ordinary doses. The advent of medical fadism in the form of "megavitamin" doses 
has led to serious toxicities in the case of niacin and possibly ascorbic acid. Even 
folic acid may be toxic in exceptional circumstances. Vitamin E, even though it has 
been most used in so-called megavitamin doses for a large variety of disorders, has 
had very little reported toxicity. 

There is now advanced and well-documented information of the metabolic role 
of vitamins in nutrition and in disease. It seems inappropriate that self-medication 
by the public on the one hand and pharmacological and megavitamin doses of 
vitamins by the medical profession on the other are allowed to continue indiscrimi­
nately without some measure of control. 
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