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Recent intervention studies revealed that supplementa- 
tion with retinoids resulted in a higher incidence of 
lung cancer. Recently the causal mechanism has begun 
to be clarified. We report here that retinol caused cellu- 
lar DNA damage probably involving cellular iron accu- 
mulation. Retinol (7gM) significantly induced DNA 
single strands breaks, DNA fragmentation and produc- 
tion of 8-oxo-7, 8-dihydro-2'-deoxyguanosine in cul- 
tured Sertoli cells. In contrast, lower doses seemed not 
to induce single-strands break in this experimental 
model. The breaks in DNA were inhibited by an iron 
scavenger; and 7gM retinol treatment modulated iron 
turnover leading to iron accumulation, suggesting that 
iron ions were required for the retinol cellular effects. 
These findings suggest that retinol-induced DNA dam- 
age was associated with the modulation of iron turno- 
ver, and these characteristics could be responsible for 
the increased incidence of lung cancer associated with 
retinoids supplementation. 

Keywords: retinol; vitamin A; DNA damage; oxidative stress; 
iron; iron metabolism 

I N T R O D U C T I O N  

At least two major h u m a n  problems,  aging and 
cancer, involve damage  to DNA [1I. In recent 

years t r emendous  advances have been made  in 

our  unders tanding  of the mechanism of gene 
expression and the role of reactive oxygen  spe- 
cies (ROS) in p roduc ing  D N A  damage.  

ROS produce  a number  of lesions in DNA, 
probably  by  direct chemical attack [21, instead of 
the activation of calcium dependen t  endonucle-  
ases [3], and ma n y  such lesions are k n o w n  to be 
mutagenic  [45]. Nei ther  superoxide  nor  h y d rogen  

peroxide  causes any strand breakage or chemical 
modificat ion of the purines or pyr imidines  in the 
absence of transit ion metal ions [6-8]. Their toxic- 
ity in vivo is thought  to result  f rom their metal  
ion dependen t  conversion to hydroxy l  radicals, 
which are very  reactive towards  organic com- 
pounds.  Mello-Filho and Meneghini  demon-  
strated that in mammal ian  cells it appears  that 
i ron-mediated,  as compared  to the copper-medi-  
ated, intranuclear Fenton reaction is responsible 
for DNA damage  [9] 

Instead of the impor tant  physiological func- 
tions of retinol [10] the effects of supplementa-  
tion with supra-physiological  doses of retinol are 
not  well defined. Many  authors  propose  a pro- 
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tective role of retinoids in the development of 
cancer [11-15]. On the other hand, in animal mod- 
els of lung cancer retinol increases the malignant 
transformation induced by gamma irradiation 
[16] and Badr et al [171 demonstrated that retinol 
increases the induction of chromosomal aberra- 
tions in human lymphocyte cultures. In addition, 
two reports suggest a positive association of 
vitamin A intake and increased incidence in 
prostate c a n c e r  [18,19]. More recently one rand- 
omized, controlled clinical trial demonstrated 
that supplementation with a combination of beta 
carotene and retinol increases the incidence and 
mortality from lung cancer in 18,314 smokers, 
former smokers or workers exposed to asbestos 
[20] In another randomized controlled study 
with 29,133 smokers in Finland [21] a higher inci- 
dence of lung cancer in patients exposed to the 
pro-vitamin A, beta-carotene was demon- 
strated. However, attempts to use retinoids and 
carotenoids for cancer chemoprevention and 
therapy are ongoing [22-241. Therefore, the casual 
mechanisms should be elucidated to establish 
safe approaches in cancer chemoprevention. 

Our previous studies demonstrated an 
increase in chromatin sensitivity to DNAse I [25], 
an increase in methyl[3H]- thymidine incorpora- 
tion into DNA [261, changes in nuclear protein 
phosphorylation [27], an increase in ornithine 
decarboxylase (ODC) and catalase activity [28[, 
and an increase in lipid peroxidation [281 in Ser- 
toli cells treated with retinol (7~tM). These effects 
were not observed with lower concentrations of 
retinol [28], and were abolished with the addition 
of hydroxyl (.OH) scavengers and metal ions 
chelators [25'28]. These data suggested that the 
effects of retinol supplementation could be 
induced by Fenton-mediated .OH production. 
Recently, Murata et al [291 demonstrated retinol 
and retinal-induced oxidative DNA damage 
probably by the dismutation of superoxide to 
hydrogen peroxide in the presence of endog- 
enous metals. 

We report here that retinol supplementation 
caused cellular DNA cleavage, and induction of 

8-oxo-7, 8-dihydro-2'-deoxyguanosine (8-oxodG). 
To clarify the role of metal ions in retinol 
induced DNA damage, we performed experi- 
ments using an iron chelator and we also investi- 
gated iron turnover in retinol treated Sertoli 
cells. 

M A T E R I A L S  A N D  M E T H O D S  

Materia ls  

Type I collagenase, medium 199, HBSS, all-trans 
retinol, 1,10 phenanthroline, proteinase K, 
RNAse A, RNAse T1, nuclease P1, calf intestinal 
alkaline phosphatase and human apotransferrin, 
were purchased from Sigma, St. Louis, MO, 
USA. Trypsin was purchased from Difco, 
Detroit, MI, USA. [3HI thymidine (3.15 
TBq/mmol) was purchased from Amersham 
Place, Little Chalfont, England. [55Fe] (55FEC13 - 
111 GBq/g) was purchased from NEN Life Sci- 
ence Products, Bedford, MA, USA. 

Cell  Culture  

Sertoli cells from 15-day-old Wistar rats were 
prepared and cultured essentially as previous 
described [26] In brief, the animals were killed 
by ether asphyxiation, testes were removed and 
washed in saline pH 7.4. Sertoli cells were iso- 
lated by enzymatic digestion of decapsulated 
testes with trypsin and type I collagenase. A 
small percentage (3-4%) of contamination by 
peritubular cells, determined by histochemical 
demonstration of alkaline phosphatase activity, 
was present in these Sertoli cell preparations. 

After isolation, Sertoli cells were counted in a 
Neubauer chamber and cultivated in a plating 
density of 3.2 x 105 cells / cm 2 in Petri dishes con- 
taining Medium 199 pH 7.4 supplemented with 
1% fetal bovine serum (v/v). Cells were main- 
tained at 34°C in a humidified atmosphere of 5% 
CO 2 in air. The medium was replaced after 24 h 
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RETINOL-INDUCED DNA DAMAGE 679 

by serum free medium to remove unattached 
Sertoli and germinal cells. Experiments were 
performed on cells treated with retinol with or 
without 100gM 1,10 phenanthroline simultane- 
ously. Control cultures received only the retinol 
solvent (0.1% ethanol, v/v).  To control the effect 
of ethanol, in all experimental procedures a 
group without the addition of ethanol was ana- 
lyzed and no significant differences between this 
and control group were encountered (data not 
shown). 

The formation of oxidized retinol metabolites 
was monitored by spectroscopic scan of all reti- 
nol solution before its use. Cell viability was 
assessed by trypan blue exclusion. 

fragments was counted. The DNA fragmentation 
was calculated by adding the counts in the 
medium and the supernatant and dividing by 
the total counts. 

Analysis of 8-oxodG Formation in Sertoli Cells 
Treated With Retinol 

This was done essentially as previous described 
[32,33]. In brief, DNA was extracted from cell cul- 
tures and digested to nucleosides by nuclease P1 
and alkaline phosphatase. The 8-oxodG and 
2'-deoxyguanosine (dG) contents were deter- 
mined by HPLC using a electrochemical detector 
and UV detection, respectively. 

Determination of D N A  Single Strand Breaks 
(SSB) 

The determination of DNA SSB was made basi- 
cally as described by Olive [301. Briefly, cells were 
labeled for 24 h with 3 ~tCi/ml of [3H] thymidine 
before retinol treatment. After retinol treatment, 
cells were exposed to a solution containing 
10mM Tris, 10mM EDTA, 2% SDS, 50mM 
NaOH, pH 12.4. After this cells were treated 
with 120mM KC1, incubated for 10 rain at 65°C 
and centrifuged at 2,400g for 10 min at 4°C. The 
supernatant and the remaining pellet were 
counted. The SSB was calculated by dividing the 
counts in the supernatant by the total counts. 

D N A  Fragmentation Determination 

The determination of DNA fragmentation was 
made basically as described by Venable et al [31] 
Briefly, cells were labeled for 24 h with 3 gCi / ml 
of [3H] thymidine before retinol treatment. After 
retinol treatment, the medium was aspirated and 
counted. The cells were lysed with PBS contain- 
ing 1% Triton X-100 and 2gM EDTA. The cells 
were centrifuged for 15 min at 14,000 rpm in a 
microcentrifuge. The supernatant was counted, 
and the remaining pellet containing larger DNA 

Iron Uptake and Secretion in Sertoli Cells 
Treated With Retinol 

Human apotransferrin was labeled with 55Fe 
55(FEC13) using nitrilotriacetate as the iron car- 
rier [34]. After retinol treatment, Sertoli cells were 
incubated in the presence of 12 ~tg/ml 
[59Fe]-transferrin at 4°C for 10 min as previously 
described (as determined previously this is the 
saturating concentration) 134[. Then, they were 
washed in ice-cold HBSS and transferred to 
medium 199 at 34°C. After various times of incu- 
bation the medium was removed and counted to 
determine the amount of 55Fe secretion. The 
amount of cellular 55Fe uptake was determined 
by washing and lysing the cells and determining 
the radioactivity in a liquid scintillation counter 
[35]. Iron concentration was calculated by com- 
paring cpm of samples with cpm of known 
amounts of 55Fe 55(FEC13). 

Iron Distribution in Sertoli Cells Treated 
With Retinol 

Cultured cells were exposed, during retinol 
treatment, to physiological [55Fe]-transferrin 
concentrations (200 ~tg/dL) for 24h. After this 
period nuclear-enriched, mitochon- 
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FIGURE 1 DNA single strand breaks (SSB) determination in cells treated with retinol. Cutured Sertoli cells were treated with 
the indicated concentrations of retinol dissolved with ethanol (0.1%) for 24 h; controls also contained 0.1% ethanol (insert box). 
Depending of the experimental procedure cells were treated with 1,10 phenanthroline (100 ~tM) for 24 h. For the determination 
of DNA single strand breaks cells were labeled for 24 h with 3 ~tCi/ml of [3HI thymidine, DNA was extracted as described 
under "'Materials and Methods" and the radioactivity of the fractions collected from the tube was measured in a liquid scintilla- 
tion counter. Values were expressed as percent from control (n=4). * different from control, p<0.01 ** different from 7~tM retinol 
group, p<0.01 

drial-enriched, and cytoplasmatic-enriched com- 
par tments  were isolated [36] and the radioactivity 

was counted in a liquid scintillation counter. 

Statistical Analysis 

Results are expressed as means; p values were  
considered significant when  p<0.01. Differences 
in experimental  groups  were  de termined  by  
ANOVA two-tailed test. Compar ison  be tween  
means  was carried out  using a Newman-Keuls  
test. 

RESULTS 

Cellular DNA Damage Induced by Retinol 

DNA SSB in cul tured Sertoli cells t reated wi th  
retinol were  detected by  thymidine  labeled DNA 
as described in Materials and Methods.  Retinol 
t reatment  induced SSB only at doses above 5 pm 
(Fig. 1 - insert box). Retinol at 0.1 to 5 ~tM seems 
not  to induce SSB in cul tured Sertoli cells. This 
pat tern  was also described previously  with reti- 
nol- induced lipid peroxidat ion and catalase acti- 
vat ion [28l 
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RETINOL-INDUCED DNA DAMAGE 681 

TABLE I Effect of retinol t reatment  (71aM) by 24h on DNA 
fragmentat ion and 8-oxodG content. Data represent  mean  + 
SEM of at least three replicatcs per independent  exper iment  
and three distinct exper iment  

Assay Control Retinol 7WVI 

DNA fragmentat ion (% control) 100 +_ 9 135 _+ 7 a 

8-oxodG (8-oxodG/dGxl05) 0.8 + 0.09 3.86 _+ 0.94 a 

a. Different from control; p < 0.01. 

Since only 7BM retinol increased SSB we 
investigated if this dose could increase other 
markers of oxidative DNA damage. As shown in 
Table I, DNA fragmentation in Sertoli cells 
treated with 7~tM retinol was significantly higher 
than that of the control. In the same way, 
8-oxodG content was significantly increased in 
7~tM retinoI treated cells (Tab. I). These findings 
suggest that 7BM retinol doses could induce 
DNA damage, probably by the generation of 
reactive oxygen species (ROS). 

Effect of an Iron Chelator on D N A  Damage 
Induced by Retinol 

Fig. 1 shows the effect of 1,10 phenanthroline on 
retinol-induced SSB. The DNA damage was 
inhibited by the iron scavenger, suggesting that 
iron ions were required for the retinol cellular 
effects. We had previously shown that 1,10 
phenanthroline inhibited ODC activation and 
conformational chromatin changes induced by 
r e t i n o l  [25,28] in agreement with data presented 
here. 

Effect of Retinol Treatment on Iron Uptake and 
Secretion in Cultured Rat Sertoli Cells 

The iron uptake was significantly faster only in 
the case of treatment with 7BM retinol as com- 
pared to control cells (Fig. 2). This effect is prob- 
ably mediated by an increase in the number of 
transferrin receptors (TfR), but we can not 
exclude that retinol interfered with TfR kinetics. 
Although 7~tM retinol increased iron uptake 

there was no significant difference in the secre- 
tion of iron in all but one time tested (120 min) 
(Fig. 3), indicating that there was an accumula- 
tion of iron in 7~tM retinol-treated cells. 

Effect of Retinol Treatment on Iron 
Distribution in Cultured Rat Sertoli Cells 

Since 7BM retinol stimulated iron uptake in rat 
Sertoli cells, we decided to investigate iron dis- 
tribution in different cellular compartments. 
Fig. 4 shows iron distribution in enriched 
nuclear, mitochondrial and cytoplasmatic com- 
partments; 7~tM retinol increased iron concentra- 
tion in all three compartments, most markedly in 
nuclear and mitochondrial fractions. 

DISCUSSION 

Damage to genomic DNA occurs spontaneously 
and can be further enhanced by environmental 
mutagens. Chemical or physical mutagens 
induce a variety of lesions in DNA, including 
base modifications, cross-linking and strand 
breaks. If left unrepaired these damages interfere 
with transcription, DNA replication and chro- 
mosome segregation, resulting in the loss of cel- 
lular viability [37]. To ensure survival, cells must 
be equipped with mechanisms to repair these 
DNA lesions and need to delay cell-cycle pro- 
gression to avoid the replication or the segrega- 
tion of damaged DNA. As a safeguard, cells of 
multicellular organisms have the option of acti- 
vating programmed cell death in response to 
DNA damage. 

We report here that supplementation with 
retinol caused oxidative damage to cellular DNA 
as assessed by SSB, DNA fragmentation and 
8-oxodG production. This damage seems to be 
induced only by 7BM retinol, since 5~tM or lower 
doses did not induce SSB, as we demonstrated 
previously in the case of lipid peroxidation and 
catalase activity [28]. 
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FIGURE 2 Iron uptake in Sertoli cells t reated wi th  retinol. Cells were  treated as described in the legend to Fig. 1. After treat- 
ment,  Sertoli cells were incubated in the presence of 12 btg/ml [S5Fe]-transferrin at 4°C for 10 min. After various times of incuba- 
tion, cells were  lysed and the radioactivity was  counted in a l iquid scintillation counter (n=4). * different from control, p<0.01 

Every antioxidant is in fact a redox agent, pro- 
tecting against free radicals in some circum- 
stances and promoting free radical generation in 
others [38]. Although vitamin A is a good accep- 
tor and donor of electrons in chemical reactions, 
its properties appear to be very carefully pro- 
tected by retinol-binding proteins [39]. Normal 
values of human retinol serum are around 360- 
1200 btg/L (1.25-4.1 btM), and is estimated that 
the physiological retinol concentration in Sertoli 
cells is around 5btM [10]. In normal conditions 
cells were not exposed to high concentration of 
free retinol [4°]. However,  pharmacological 
amounts of the supplements above physiological 
amounts may perturb key physiological proc- 
esses. If excessive intake of supplements of vita- 
min A and [3-carotene saturate binding ,~rotein, 
free compounds may have cytotoxicity [291. 

Thus, ours results indicate that supplementa- 
tion with retinol could induce oxidative DNA 
damage in this experimental model, and this 
effect could be, in part, responsible for the 

adverse effects of retinol supplementation. In 
contrast, Murata et al [29]recently demonstrated 
that even lower retinol doses (2 - 5 btM) could 
induce DNA damage in HL-60 cell line. This dif- 
ference could be related to a different antioxi- 
dant environment or different retinol 
metabolism of these two different cell lines. Ser- 
toli cells cultures seem to be a good model to 
study retinol effects on ROS production. Primary 
cells cultures are more representative of the cell 
type in the tissue from which they was derived, 
and do not have the disadvantages of continu- 
ous cell lines (i.e. greater chromosomal instabil- 
ity). Sertoli cells are epithelial in origin and, like 
other epithelial cells (i.e. skin and respiratory 
tract) are responsive to retinol treatment [25]. Ser- 
toli cells are well characterized morphologically 
and biochemically and these could facilitate the 
identification of cellular effects mediated by reti- 
nol or ROS. In addition, their phagocyte function 
implies in the development of a complete oxida- 
tive defense system. Sertoli cells are also very 
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FIGURE 3 h o n  secret ion in Sertoli cells treated wi th  retinol. Cells were  treated as descr ibed in the  legend to Fig. 1. After  treat- 
ment ,  Sertoli cells were  incubated  in the presence of 12 g g / m l  [55Fe]-transferrin at 4°C for 10 min.  After  var ious  t imes  of incuba-  
tion, the m e d i u m  was  r e m o v e d  and  the radioactivi ty was  counted  in a l iquid scintillation counter  (n-4).  * different f rom control, 
p<0.01 

rich in iron and copper transport proteins, and 
could secrete transferrin to regulate the intracel- 
lular iron pool. 

The most likely mode of .OH radical produc- 
tion in vivo is via the Fenton reaction, through 
reduction of H20 2 by ferrous ions. Cuprous ions 
are also an elemental producer of -OH radicals in 
the Fenton reaction 141l. Copper is more active 
than iron as a Fenton reactant (42) but iron is 
much more abundant in biological systems [37] 
The consequence is that iron is usually the redox 
cation that participates preponderantly in the 
cellular Fenton reaction involving DNA [9,43,44l 
Murata et a l  [29], in isolated DNA, suggested that 
the existence of copper ions, but not iron, was 
required for retinol-induced DNA damage. We 
demonstrated that 1,10 phenanthroline inhibited 
retinol-induced SSB, indicating the participation 
of metal ions in retinol effects in cultured cells. 
Mello-Filho et al 19] demonstrated that in mam- 
malian cell cultures 1,10 phenanthroline, but not 
neocrupoine prevented DNA strand-break pro- 

duction reinforcing the argument that an 
iron-mediated Fenton reaction may be the major 
contributor to DNA strand-breaks induced by 
ROS. Besides this, iron has been measured in the 
nucleus by analytical methods and Fe(II) and 
Fe(III)-DNA complexes has been demonstrated 
by XANES spectroscopy I45,46] So, our results 
suggested that, in cell cultures, the existence of 
iron ions was required for the DNA damage 
induced by retinol, since 1,10 phenanthroline 
could inhibit retinol-induced SSB, and retinol 
treatment interferes with iron turnover in cul- 
tured Sertoli cells. This is in accordance with the 
predominant role of iron in the cellular Fenton 
reaction involving DNA. 

Iron ions are potentially dangerous: their abil- 
ity to undergo one-electron transfers enable 
them to be powerful catalysts of auto-oxidation 
reactions, conversion of hydrogen peroxide to 
• OH and decomposition of lipid peroxides to 
reactive peroxyl and alkoxyl radicals. It is not 
only free metal ions that are catalytic: haem and 
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FIGURE 4 Iron distribution in Sertoli cells treated with retinol. Cultured cells were exposed to [55Fe]-transferrin (200 ~tg / dL) for 
24h. After this period nuclear-enriched, mitochondrial-enriched, and cytoplasmatic-enriched compartments were isolated and 
the radioactivity was counted in a liquid scintillation counter (n=4) 

certain haem proteins can decompose lipid per- 
oxides and interact with hydrogen peroxide to 
cause damage [47,48]. To overcome these prob- 
lems higher organisms have developed 
iron-binding strategies and are also equipped 
with highly sophisticated mechanisms that pre- 
vent the expansion of a catalytically active intra- 
cellular iron pool while maintaining sufficient 
concentrations of the metal for metabolic needs 
[49] 

It is a general assumption that the transport, 
uptake, use and storage of iron is undertaken in 
a very controlled way, given the potential of 
damage that production this ion can represent. 
There is a synchronized regulation of the synthe- 
sis of TfR (uptake) and ferritin subunits (storage) 
in mammalian cells, this involves cytoplasmatic 
iron regulatory proteins (IRP) [50]. Since the TfR 
plays a crucial role in iron uptake, the regulation 
of its expression is of great importance. In a 
broad sense, TfR expression is directly correlated 
with the concentration of intracellular iron in a 

poorly characterized metabolically active pool. 
The change in the number of TfRs in response to 
a change in iron levels is mainly due to mecha- 
nisms that affect the TfR mRNA pool by a 
post-transcriptional mechanism [51]. This process 
involves the binding of the IRP 1 and 2 to the 
iron responsive element (IRE) in the 3' unstrans- 
lated region of the TfR mRNA. Apart from the 
post-transcriptional control of TfR expression, 
there are reports that the expression of the recep- 
tor may be controlled transcriptionally in some 
cells type [52,53]. The TfR gene promoter contains 
a TATA box and a sequence similar to the CAMP 
and phorbol ester-responsive elements [54-56] 

Our results suggest that retinol supplementation 
could induce faster iron uptake, probably medi- 
ated by an increase in TfR number (Fig. 2), 
although, we can not exclude that retinol modi- 
fies TfR kinetics. We do not know if retinol regu- 
lates TfR via a transcriptional or 
post-transcriptional control and further studies 
will address this issue. 
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Several studies have shown that the toxicity of 
hydrogen peroxide or organic peroxides to ani- 
mal cells in culture can be increased by raising 
their iron content, and decreased by the presence 
of chelating agents [57] Iron overload is well doc- 
umented in patients suffering from idiopathic 
haemochromatosis [58] The pathology resulting 
from iron overload in idiopathic haemochroma- 
tosis include elevated risk of hepatoma, esopha- 
geal cancer and skin melanoma [59]. If .OH is 
attacking DNA, it must be produced very close 
to the DNA since this radical is so reactive that it 
cannot diffuse from its site of formation. Proba- 
bly, iron ions are bound to DNA [45,46] and there- 
fore that Fenton reaction generates.OH radical in 
situ [6°]. Luo et al [61] and Henle et al [62] demon- 
strated that a higher amount of iron was associ- 
ated with DNA when NADH was present, 
supporting the idea that a complex forms among 
DNA, iron and NADH. We had previously dem- 
onstrated that 7~tM retinol induces an increase in 
NADH content in Sertoli cells (submitted data). 
Besides the increase in iron uptake demon- 
strated in Fig. 2, retinol supplementation also 
leads to iron accumulation in all three subcellu- 
lar compartments studied, most markedly in 
mitochondrial-enriched and nuclear-enriched 
compartments (Fig. 4), providing an substrate to 
the intranuclear Fenton reaction induced by reti- 
nol treatment. 

It is known that ROS are related to tumor-pro- 
moting potencies. On the basis of the finding 
that excessive retinol induced oxidative DNA 
damage, it is suggested that the oxidative DNA 
damage may be responsible for the initiation 
and / or tumor promotion / progression in multi- 
stage carcinogenesis. The results presented here 
reinforce the recently published effects of retinol 
and retinal on DNA damage in HL-60 cells [291. 
Our results are the first evidence of reti- 
nol-induced modulation of iron metabolism and 
its relation to retinoMnduced DNA damage in 
cultured cells. 

In recent years advances have been made in 
our understanding of the molecular mechanism 

of retinol supplementation. We demonstrated 
that retinol induced conformational changes in 
chromatin [25], and altered phosphorylation pat- 
tern of nuclear proteins in Sertoli cells [27]. Reti- 
nol treatment induced lipid peroxidation [28land 
DNA damage [29] in different cell lines, and 
induced the activation of antioxidant enzymes; 
ODC and catalase [28]. These effects could be 
attenuated by the addition of iron [25,281 or cop- 
per chelators [29] and.OH [28] or other radicals 
scavengers [29]. Taken together, these findings 
suggested that retinoMnduced oxidative stress 
plays important roles in carcinogenesis in inter- 
vention studies using excess amounts of 
beta-carotene and retinol. Additional studies are 
required to understand the exact mechanism by 
which retinol supplementation leads to an 
increase in ROS production, the biochemical 
effects of long-term supplementation with reti- 
nol in vivo and its significance in neoplastic 
transformation of normal and previously injured 
cells. 
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