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Streszczenie

W artykule przedstawiono wyniki badań na temat poten-
cjalnych zagrożeń związanych z nadużywaniem witami-
nowych suplementów diety, które do niedawna uważano 
nie tylko za wysoce skuteczne, ale także całkowicie bez-
pieczne. Szczególną uwagę poświęcono witaminom A, E, 
D i C. Wskazano na konieczność kontrolowania przyjmo-
wania witaminowych suplementów diety, a nawet ścisłego 
nadzorowania ich podaży pacjentom z grup ryzyka. 

H a s ł a: witaminowe suplementy diety – witamina A – 
witamina C – witamina D – witamina E. 

Summary

The article presents the results of studies on potential 
risks associated with the abuse of vitamin supplements which 
until recently had been considered not only highly effica-
cious, but also completely safe. Particular consideration is 
given to vitamins A, E, D and C. The necessity to control 
the intake of vitamin supplements and even to strictly super-
vise the supply to high risk patients is highlighted. 

K e y   w o r d s: vitamin supplements – vitamin A – vita-
min C – vitamin D – vitamin E. 

Introduction

The intake of vitamin supplements have become not 
only a readily available and simple method to replenish 
the deficiencies of individual vitamins, but also a fashion 

propagated by media and manufacturers. Falling victim 
to that fashion as well as to the advertisement claims, many 
people are convinced that the intake of vitamins in the form 
of tablets or capsules can fully meet their demand and protect 
them from suffering from numerous more or less hazardous 
disorders. Meanwhile, a growing number of organizations 
assessing the efficacy of vitamin supplements are forced 
to discontinue or thoroughly modify their research programs 
due to increasing morbidity and even mortality among the 
study subjects. It turns out that some dietary supplements 
not only do not reduce, but paradoxically increase the risk 
of diseases. Dosage is another problem, since uncontrolled 
intake of products considered to be safe may bring about 
opposite results. This article is an attempt to summarize 
the current knowledge on the topic. 

Carotenoids

The results of studies conducted in the 1980s and 1990s 
suggested that diets rich in fruit and vegetables reduced 
the risk of lung and gastrointestinal tract cancers [1, 2, 3]. 
The effect was attributed to, among others, the activity of 
β -carotene (provitamin A), which had been introduced as 
one of the most important antioxidants on the promises of 
its potential to reduce the risk of diseases associated with 
oxidative stress. However, an opposite correlation was dem-
onstrated by Greenberg et al. [4]. Their studies in a group 
of healthy volunteers revealed that β -carotene not only did 
not protect from skin cancer but also increased the risk of 
lung cancer. Omenn et al. conducted a study in a group 
of patients with high risks of lung cancer due to smoking or 
exposure to asbestos [5]. The study group was given dietary 
supplements containing β -carotene and vitamin A, while 
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the control group received placebo. After 2 years, the study 
was discontinued with conclusion that the incidence of lung 
cancer was similar in both groups (5.92 in the study group 
and 4.62 in the control group). The authors concluded that 
the intake of dietary supplements containing both β -carotene 
and vitamin A is not rational. 

Having conducted cohort studies, Michaud et al. 
observed that simultaneous intake of α -carotene and lyco-
pene reduced the incidence of lung cancer [6]. on the other 
hand, Palozza et al. demonstrated antioxidative effects of 
β -carotene consisting in inhibition of lipid peroxidation 
caused by tobacco smoke components [7]. Another study 
showed that lycopene had the most beneficial antioxidative 
effect [8], while in vivo studies with tomatoes and tomato 
products containing the highest level of this carotenoid 
revealed that lycopene prevented DnA damage as well as 
reduced oxidation of low density lipoproteins and peroxida-
tion of lipids [9, 10]. In contrast to β -carotene, lycopene is 
not transformed into retinol (one of the forms of vitamin A) 
following intestinal absorption. Thus, it cannot be excluded 
that this is the reason why the combination of β -carotene 
and lycopene is more beneficial than the combination of 
β -carotene and vitamin A. 

Combination of β -carotene with α -tocopherol – the most 
important form of vitamin E in humans – was studied by 
Albanes et al. in a group of tobacco smokers [11]. volun-
teers were divided into three groups: the first group received 
only β -carotene, the second group received β -carotene and 
α -tocopherol, while the third group was the control group 
receiving no vitamins. Higher incidence of lung, prostate 
and stomach cancers were observed in the group not receiv-
ing α -tocopherol as compared to the group receiving com-
bination of vitamins. Subjects receiving combination of 
β -carotene and α -tocopherol were characterized by lower 
risk of lung and colorectal cancer while also being at higher 
risk of stomach cancer compared to the control group. Thus, 
the results were ambiguous: on one hand, they confirmed 
the efficacy of vitamin combination while on the other hand, 
they questioned the very sense of the use of the vitamins. 
Moreover, Arora et al. proposed a hypothesis that carote-
noids had prooxidative activity [12]. 

All these controversies may be most probably solved 
only in studies in animal models that would also permit 
to conduct analyses at the molecular level. In ferrets exposed 
to the components of tobacco smoke, and receiving high 
doses of β -carotene (30 mg/d), induction of pulmonary 
cytochrome P450, increased catabolism of retinoic acid 
and reduced number of retinoic acid receptors β (rArβ) 
were observed [13]. reduction in retinoic acid levels and 
the number of rArβ leads to repression of the activator 
protein 1 transcription factor that takes part in regulation 
of cell apoptosis, proliferation and differentiation [14]. 

Insulin -like growth factor (IGF) is an important factor of 
cell proliferation, differentiation and apoptosis [15]. Insulin-

 -like growth factor binding protein 3 (IGFbP -3) regulates 
the activity of IGF -1 by blocking its impact on the receptors. 

As a result, IGF -1 becomes incapable of exerting its muta-
genic effects [16]. IGF -1 is associated with the risk of lung 
cancer [13, 14]. In animals receiving lycopene -containing 
supplements, increase in IGFbP -3 levels and inhibition of the 
growth of cancer due to the exposure to tobacco smoke were 
observed [13, 14]. In other studies, Kim et al. demonstrated 
that combination of antioxidants (β -carotene, α -tocopherol 
and ascorbic acid) caused no change in the protein levels and 
mrnA expression of IGF -1/IGFbP -3 in lungs and liver [17]. 

Phosphorylation of cellular tumor antigen 53, a tran-
scription factor, plays an important role in individuals at risk 
of cancer. In order for p53 to be capable of activating the 
expression of apoptotic factors, such as bcl -2 -associated X 
protein, it must undergo appropriate phosphorylation. High 
doses of β -carotene were shown to promote phosphoryla-
tion of p53 in smokers, thus reducing the risk of cancer in 
this group [18]. 

vitamin D

As suggested by the results of some studies, vitamin D 
promotes reduction of risk of lung cancer. It is a strong 
inhibitor of cancer cell proliferation and angiogenesis, as 
confirmed by studies conducted in lung carcinoma and neo-
plastic endothelial cell lines. In addition, vitamin D acceler-
ates differentiation and apoptosis of tumor cells [19]. 

unchanged lung cells are characterized by high expres-
sion of the vitamin D receptor (vDr) as well as high activ-
ity of 1α -hydroxylase – an enzyme involved in formation 
of 1,25 -dihydroxycholecalcipherol (1,25(oH)2 -D3, or cal-
citriol, an active form of vitamin D) [20]. In tissues infil-
trated by lung tumor, both vDr and 1α -hydroxylase are 
inhibited [21, 22]. binding of active vitamin D to the vDr 
receptors increases the immunity of the host as a result of 
activation of the transcription of genes encoding for antibac-
terial peptides and CD14 [20]. This mechanism of action of 
vitamin D consists in reducing the expression of the vascular 
endothelial growth factor (vEGF), which is an important 
marker of angiogenesis. vEGF blocking leads to inhibited 
proliferation of lung tumor cells [23]. 1,25(oH)2 -D3 also sup-
presses the epidermal growth factor receptor (EGFr) [19]. 
overexpression of EGFr is one of the factors responsible 
for proliferation and lung metastases [23]. 

vitamin A plays an important role in vDr regulation. 
Following activation with ligand, i.e. calcitriol, vDr under-
goes heterodimerization with retinoid X receptor (rXr) 
to form a vDr -rXr complex. However, exceedingly high 
systemic levels of 9 -cis -retinoid acid (which is the only 
ligand of the rXr receptor), may interrupt vDr -rXr 
heterodimerization and promote formation of rXr -rXr 
homodimers [24]. The antagonistic effect of retinol against 
vitamin D was described in cases of pancreatic and colon 
cancer [25]. 

Cohort studies conducted by Kilkkinen et al. revealed 
that women receiving vitamin D at levels of > 31 nmol/l 
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the risk of lung cancer was reduced by 72–84% [26]. on the 
other hand, Freedman et al. observed a nearly non -significant 
increase in mortality due to lung cancer in women (vitamin D 
levels of < 50 nmol/l and ≥ 80 nmol/l), but also an incre-
ase in the incidence of prostate cancer in men (< 50 nmol/l 
and ≥ 100 nmol/l) [27]. 

High doses of vitamin D combined with low doses of 
retinol (< 2.646 Iu/day) reduced the risk of colon cancer. 
At the same time, the intake of the same combination of 
vitamins with high doses of retinol (> 4.784 Iu/day) did 
not reduce the risk of the disease. on the other hand, high 
doses of vitamin D combined with calcium reduced the risk 
of the same type of cancer [28]. 

Much higher increase in systemic vitamin D levels may 
contribute to the reduced risk of pancreatic cancer, as dem-
onstrated in the studies by Wolpin et al. [29]. on the other 
hand, other studies demonstrated that the intake of large 
quantities of calcium reduced the risk of breast cancer [30]. 
unfortunately, the same type of management increased the 
risk of prostate cancer in males [31]. 

vitamin E

vitamin E is a group name of organic compounds con-
sisting of tocopherols (α, β, γ and δ) and tocotrienols (α, β, 
γ and δ) [32]. As suggested by the results of some studies, 
the beneficial form of vitamin F are tocotrienols (and not, 
as previously thought, α -tocopherol). The results of Women 
Health Study showed that women receiving daily doses of 
α -tocopherol were at the same risk of lung, breast or colon 
cancer as patients receiving placebo [33]. on the other hand, 
Wada et al. presented evidence suggesting that oral adminis-
tration of tocotrienol -rich fraction (TrF) to mice led to sig-
nificant reduction in the development of hepatic tumors [34]. 
other studies revealed that the treatment of lung tumor 
cells with TrF containing γ -tocotrienol as the predomi-
nant significantly reduced (from 26% to 17%) the content 
of 8 -hydroxy -2 -deoxyguanosine (8 -oxo -dG) – a marker of 
DnA damage due to oxidative stress. Also reduced, from 
0.51% to 0.23%, was the level of γ -H2AX – a relatively 
recently described biomarker of DnA double strand cleav-
age. Another consequence consisted in reduced levels of 
prostaglandin E2 and leukotriene B4 [35]. Barve et al. dem-
onstrated that daily administration of TrF to mice for 16 
weeks reduced the risk of prostate cancer [36]. Somewhat 
earlier, the same group of researchers demonstrated simi-
lar effects for γ -tocopherol [37]. The authors suggest that 
TrF and tocopherols have different mechanism of action 
with respect to inhibition of carcinogenesis within the pros-
tate. Tocopherol activates detoxication and antioxidative 
mechanisms whereas TrF components directly modulate 
the cell cycle and increase the expression of proapoptotic 
proteins [36]. Promising results were obtained also by 
Budin et al., who demonstrated that administration of TrF 
to experimental animals reduced DnA damage as well as 

suppressed peroxidation of membrane lipids, thus showing 
antioxidative properties (lower levels of malonic dialdehyde 
and 4 -hydroxynonenal) [38]. These results were confirmed 
in the studies conducted by Taridi et al. in rats [39] as well 
as in randomized clinical trials demonstrating reduction 
in oxidative stress marker levels (8 -oxo -dG) in blood sam-
ples [40]. 

Ren et al. fed mice with TrF -enriched mixtures 
to observe significant proliferation of lymphocytes [41]. It 
turned out that TrF is capable of stimulating the immune 
system to produce immune cells. 

rapid elimination of cancer stem cells (CSC) allows 
suppression of further development of the disease. Ren et al. 
demonstrated that γ -tocopherol might be a factor limiting 
the CSC growth [42]. This form of vitamin E is also capa-
ble of inhibiting the expression of CSC markers, β -catenins. 
Studies in mice revealed that oral γ -tocopherol causes sup-
pression of more than 70% of CSCs. 

Liu et al. used γ -tocopherol for the treatment of gastric 
adenocarcinoma [43]. The observed result was inhibition 
of tumor cell migration thanks to the reduction in the tran-
scription of genes encoding for metalloproteinases MMP -2 
and MMP -9, as well as to inhibition of the activity of tis-
sue inhibitors of metalloproteinases TIMP -1 and TIMP -2. 
γ -Tocopherol also increased the expression of epithelial mark-
ers, E -cadherin and γ -catenin. At the same time, reduction 
in the levels of mesenchymal markers, vimentin and α -actin 
in smooth muscle cells is observed. As shown by these find-
ings, the use of γ -tocopherol in therapy may facilitate inhibi-
tion of tumor cells by reversing the epithelial -mesenchymal 
transition (EMT). EMT is the main mechanism responsible 
for metastasis and recurrence of cancer [44, 45]. 

vitamin C
results of different studies suggest beneficial effects 

of ascorbic acid and reveal relationships between its levels 
in plasma and prognosis in certain disorders. An exam-
ple of such relationship was presented by Mayland et al. 
who examined plasma levels of vitamin C in patients with 
terminal -stage cancer [46]. High levels of C -reactive pro-
tein (CrP) combined with low levels of vitamin C were 
correlated with shorter survival times. 

Ascorbic acid is a vitamin capable of destroying tumor 
cells. Among its other effects, it enhances the activity of 
caspases, demonstrating proapoptotic activity. During vita-
min C -enhanced apoptosis of tumor cells, proliferation of 
mutated cells is also inhibited. vitamin C also blocks the cell 
cycle and induces the cell to enter the G0/G1 phase. In addi-
tion, treatment of tumor cells with ascorbic acid increases 
their susceptibility to cytostatic drugs. In this case, the 
mechanism of action of vitamin C is probably associated 
with disturbed synthesis of nucleic acids and inhibition of 
cell cycle progression [47]. However, it should be noted that 
the effect is not observed for all cytostatic drugs. Heaney 
et al. concluded that both the cellular location of the activ-
ity and the dose of ascorbic acid have a significant impact 
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on whether the vitamin acts in a manner that is synergistic, 
or antagonistic to the effect of cytostatic drugs [48]. This 
position was confirmed in studies conducted in tumor cell 
lines such as neuroblastoma [49], urinary bladder [50], pan-
creatic [51] and liver cancers [52]. 

Ascorbic acid also inhibits the development of tumor 
cells by inhibition of angiogenesis [53]. This was demon-
strated by Yeom et al. who parenterally administered vitamin 
C to mice, achieving suppression of angiogenesis and reduc-
tion in the expression of proangiogenic factors: basic fibrob-
last growth factor, vEGF and matrix metalloproteinase -2 
(MMP -2) [54]. Ascorbic acid also suppressed hypoxia 
induced factor -1, which is critical in stimulation of tumor 
angiogenesis [54]. 

In certain conditions, ascorbic acid may reduce the sys-
tem’s immunity. High doses of vitamin C inhibit prolif-
eration of natural killers, as well as lymphocytes T and b 
responsible for secretion of Il -2. In addition, ascorbic acid 
blocks activation of lymphocytes T which are forced to adopt 
immature form following stimulation by dendritic cells [55]. 

Ascorbic acid is often used in combination with other 
antioxidants. In studies conducted by Banim et al., high 
doses of vitamin C administered in combination with vita-
min E and selenium reduced the risk of pancreatic cancer 
while showing no statistically significant beneficial effects 
when administered separately [56]. Similar results were pre-
sented by Bravi et al., who observed reduction in the risk 
of pancreatic cancer following combined administration of 
vitamins C and E, β -carotene and lutein/zeaxanthin [57]. 
on the other hand, Heinen et al. were unable to confirm 
the correlation between supplementation with antioxidants 
together with the intake of selected vegetables and fruits 
and the reduced risk of pancreatic cancer [58]. 

Steevens et al. reported reduced incidence of esophageal 
cancer in a group of heavy smokers correlated with intake 
of raw vegetables and citrus fruits (rich in vitamin C) [59]. 
Similarly, in the studies conducted by Murphy et al., effects 
of vitamin C were associated with reduced risk of esopha-
geal cancer [60]. no effects were observed for vitamin E, 
carotenoids and selenium when administered separately. 
beneficial effect could only be observed when all com-
pounds were used in combination with vitamin C. 

Resume

As shown by the presented literature review, the use of 
vitamin supplements is not always desirable, while being 
straightforwardly hazardous in certain cases. Although the 
results of studies conducted to date are controversial and 
require confirmation in a larger study material, there is 
no doubt that the intake of vitamin supplements should be 
controlled and strictly supervised by physicians in high risk 
patients. In this context, the wide and unlimited availabil-
ity of this type of preparations becomes not only a health 
problem, but an ethical problem as well. 
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