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Vitamin A Status and Metabolism of Cutaneous Polyamines
in the Hairless Mouse After UV Irradiation: Action of B-Carotene

and Astaxanthin
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Sumonary: Solar radiations (UV A and B) can
ceuse epidermis photoaging and skin cancers,
These frequently irreversible effects result from
i i vity generation of free radicals. However,
it has been noted that nutritional factors can
madulare photochemical damage, in particular
the common carotenoids present in food, which
can be considered as potential prophylactic
agents against carcinogenesis. We investigated
the effect of UV A and B radiations on the skin
ot the SKH T hairless mouse fed adiet either lack-
g in vitamin A or supplemented with retinol,
L-carotene or astaxanthin. The latter is an oxy-
venated carotenoid (like canthaxanthin) with-
ot provitamin A activity and with strong sing-
let oxveen guenching ability,

After analysing of vitamin status of each
eroup (plasma retinol concentrations and he-
patic reserves), we searched for UV-induced
modifications of polyamine merabolism by
measiuring epidermal ornithine decarboxviase
(ODC) activiry and free polyamines concentra-
nen { putrescine, spermidine and spermine).

n the basal state without irradiation, differ-
ences in QDC activity between groups were non
significant; bur afrer UV stimulation, ODC in-

Abbreviations used: ODC, omithine decarboxylase
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creased markedly in the skin of vitamin A-defi-
cient animals, much more than in other groups.
Curiously, the addition of astaxanthin or f-car-
otene 1o the regimen containing retinol reduced
the protective effect of rerinol alone.

Regarding polvamines after irradiation, pu-
trescine was significantly increased in the skin
of deficient animals, in parallel with ODC ac-
rviry.

However, astaxanthin had a stronger inhibi-
rary effect on putrescine accumulation than re-
tinol, and decreased spermidine and spermine
concentrations: this suggests a specific action
on transglutaminases.

Introduction

The skin is the tissue most directly exposed to
mechanical, chemical or physical damage. In
particular, solar radiatipn (UV A and B) can
cause premature aging of the epidermis and skin
cancers. The harmful effect of these radiations
15 partly due to the in situ generation of free rad
icals from excited molecules [1]: light converts
sensitizer molecules into electronically excited
forms, usually singlet oxygen, which may be
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converied to a triplet sensitizer state and lead to
DNA damage [2].

There is increasing interest in the nutritional
factors capable of modulating photochemical
damage. particularly B-carotene which has been
considered as a key protective agent in green and
vellow vegetables. But other types of caroten
oids coexist with B-carotene in foods (o-caro-
tene, lycopene, lutein, zeaxanthin and cantha-
xanthin} and may also have anticarcinogenic ef-
fects [1]. In particular, c-carotene has a better
protective action than B-carotene on spontane-
ous liver carcinogenesis in mice, and a higher
potency of anti-tumor-promoting activity in sev-
eral experimental svstems of skin carcinogene-
si5 [3]. Carotenoids are remarkably effective in
neutralizing not only singlet oxygen but also
triplet sensitizers. thus preventing phototoxic re-
actions [1, 4]. B-carotene, one of the most im-
portant carotenoids identified in plasma, is
found in many ussues, particularly the skin
where it 1s partially converted to vitamin A (re
tinol, retinylester). Interestingly it may have an
anticarcinogenic effect through a mechanism
unrelated to its role as a vitamin A precursor [5,
6], and is an effective singlet oxvgen quencher
[7]. However, current data are not sufficient to
ascertain the beneficial effect of B-carotene in
human cancers: an extended clinical trial on the
prevention of basal-cell and squamous-cell can-
cers of the skin did not show any reduction in
the occurrence of skin cancers during a five-year
treatment with beta-carotene [8].

Astaxanthin forits part is not an ordinary plas-
ma carotenoid. Widespread in crustaceans and
fish, it may occasionally contribute to the die-
tary supplementation of carotenoids in man.
Closely related to oxvgenated carotenoids such
as canthaxanthin, it 15 not generally considered
as a provitamin A: in particular, it has no action
on the growth or survival rate of deficient rats.
However, its dramatic action on xerophthalmia
and its possible role as a vitamin A substitute in
the retina of deficient rats has already been clear-
lv desenbed by Grangaud [9] who considered it
as an original carotenoid with parrial vitamin A
activiry. In other respects, it has a strong singlet
oxygen quenching ability [10, 11] which is mos!
potent after lycopene and considerably more ef-
fective than B-carotene

In this context, we assessed the effect of
A and B on the skin of the SKHI1 hairless
{where skin tumors can be induced by UV g
diations) under different nutnitional conditiog
involving changes in vitamin A stalus: a no ;
diet with sufficient physiological content of
tarmin A; a diet without vitamin A activity; og
both types of diets supplemented either with
carotene {provitamin A or astaxanthin (non prg
vitaminic).

At the end of the experiment, after a care %4
analysis of the vanations in vitamin stangSg g ¥
between the different groups studied, we inves- ; !
tigated the modifications of polyamine metabol-
ism induced by skin irradiation in these varioug
situations. We determined the activity of cuta-~
neous ornithine decarboxylase (ODC) [12], a §§
kev enzyme for polyamine metabolism, and the 2
epidermal content of free polyamines, namely .
putrescine on the one hand and spermidine and =
spermine on the other. ODC is the first enzyme
in the biosyntheric pathway for putrescine, sper-
midine and spermine. ODC and polyamines are
central to normal and abnormal growth, and an :
activation of the polyamine metabolism is in-
volved in tumor promotion [13].

The effects exposing hairless mice to ultra-
violet radiations on induction of epidermal ODC
has already been studied [14, 15]: ODC may be
an useful marker for skin photodamage. Acute
ODC assay had even been proposed as a shori-
term marker for predicting the effectiveness of
certain molecules against chronic skin photo-
damages [16]. 7

Retinoic acid (RA), anuproliferative in skin
cells, decreases the activity of ODC, whose lev-
els correlate with the growth status of the cell.
It regulates the enzyme gene expression at the
transcriptional level: ODUmRNA levels are
suppressed by RA in human skin cells [17].

The aim of our study was thus to investigate
the biological effect of vitamin A status and of
photoprotective agents on the first steps of car-
cinogenesis under UV irradiation.
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Materials and Methods

Products: L-{1-"°Cy omiiune hydrochloride {59 mCifmmaole)
was obtained from Amersham. B-carolene and astaxanthin
were kindly provided by Roche (Basel, Switzerland ). All oth-
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the f.‘f.tf::[ of e products Were supplied by Sigma Chemical Co. (5t Lows, OO > g for 20 min at 4°C. the supenatant was used for the mltl:

11 hair[cgs MO assay. Results were expressed in pmoles of CO: released in 1 i

&) min per mg of protein {Bradford's methed, with Coomas-
sie brilliant blee staining ). Each assay series performed in trip-
licate simultanenusly evaluaed the enzymatic activity in the
6 nuiritional situations

Stavistics: Student’s -test was wsed for dala companson i

gmeemirty; Female SKH! hairless mice {Charles River) weaned
.xJ: weeks were hou sed B per cage in a controlled atmosphere:
w1 = | C: humidity 50 105; 12712 h light cycle.

iced by Uwv :
ional condig
SLatus: a no
al content of
n A activity: g
:d either WE-U'i B
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A nasic semi-synthetic diet (BD) without vitamin A ac-

vty prepaured in the laboratory, contained devitaminized

oo M, peanut oil 2.5%. rapeseed oil 2.5%. wheat flour

wueruse L%, brewers' veast 8% and mineral salis 2%,

1 . 21 was supplemented with lposoluble vitamins (excep
vnoan oily solution, and with ascorbic acid

s .
analysis,

Polvamine determinarions. After epidermis preparation as
above, polvamine concentrations {putrescine, spermidine and
spermine} were determined in biopsy specimens by dansyla-
tion of perchlonic-extracted polyamines followed by reversed
high performance liquid chromatography (HPLC) [21]

., after a carefy]-
Extraction: Epidermal samples were homogemized in I

vitamin Statyg -
IdjEEL “’I&jn""ﬂi- . -
‘amine metahg).
mn EhESL‘ \'anﬂus i

5

aai growps: Afler weaning, the mice were randomly
groups of 16 subjects
5 BD + retinol (B30 pg of retiny] acetate per kg of
-1+ This group represented normally fed controls

wa B: BD alone (the group without vitamin A). unti] dansylaton.

cold perchloric acid {10% HCIOM), After centrifugation at
25000 = g for 20min at 4°C, supernatants were stored at =20°C

Dansylanon: 0.5 mi of perchloric extract was added 1o
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* (58 mCi‘mmale)
= and astaxanthin
Llzerland). All oth-

veroup O BD + retinol + G-carodene 5 mefke of dier).
viroup [ BD + B-carotene (3 mg/kg of diet).
moup B2 BD + retinol + astaxanthin (10 mg/fke of diet)
wop Fr BD + astaxanthin (10 mgfke of diet)

werntenial assays: The animals were weighed each week
roczhoul the expeniment. Al the tme of sacnifice, 4 months
rez weaning, the blood and liver of 8 to 10 subjects per group

used 10 assay retinel, a-tocopherol and din liver only)
almitate. Afer hexane extractuon of plasma and hiver
renales. HPLC assays were performed (methanol being
=4 in the mobile phase in a RP 18 column, with retinyl ace-
ste as internal standard). Vitamin A (retinol a< well as retin-
simitate for liver) was detected at 325 nm. and vitamin E
am. Results were expressed in umoles/] for plasma and

fe of liver for homoganales
The amimals had then anained a steady weight, and there
no sigraficant vanations in the mean weight of the dif-
groups, Group B showed no clinical signs of vitamin A
wency, and plasma rennol concentrations were close 1o
1al. However, liver retinol reserves had decreased by 8065%.
zhteen hours before sacrifice, bl of the mice in each
were subjected 1o UV A + B irradiation (3 Jsq cm), e,
jurvalent to a threefold minimal ervthemal dose (MED). A
Heraeus xenon lamp was used for iradiation. and doses were
ted with an Osram dosimeter for both L'V A and B.
mice were sacrificed by retro-orbital bleeding after mild
~ther anesthesia. Two-centimeter-square biopsy specimens of
irradiated dorsolumbar skin were obtained, and identical spec-
mens were tzken from non irradiated controls. Each specimen
fut tnto two equal pans, one for polyamine assays and the
for measuring ODC activity, All samples were stored at
-3 until extraction [ 14, 18].

N gerivire: ODC activity was measured for all gmup;
2 a modified Russel and Snyder method [19, 20] with
L-11C) omithine as a substrate. All preparatory procedures
were performed at 4°C. Biopsy specimen were weighed, and
epidermis was scraped free on a microscope slide and homog-
ziiteed in a phosphate buffer (005 M NaH.PO.. pH 74)
soniziming EDTA (00123 mM), dithiothrenol (1 mM ). pyridosx-
al phosphate (0.27 M) and sucrose. Afier centnfugation al

Usg

0.25 ml of a sawrated aquecus solution of NayO0,, 1o which
0.5 ml of dansylchloride solution (5 mg/ml acetone) was
added afer shaking. Tubes were lefi open overnight under a
dark fume hood to allow selective evaporation of acetone. The
dansylated denvatives were extracted twice with 0.5 ml of
benzene and the extracts evaporated 1o dryness al 60°C.
Residues were dissolved in 0.5 ml acetomtrile and subjected
to HPLC [23).

HPLC analysis was carmed outl on dansylated denvatives of
polvamine according 1o Sacki’s techniques (23], using a -
nary solvent system starting with 5% acetonitnle in water and
going to pure acetonitrile after 10 min. A flow rate of 2 ml‘min
wis used on a 250 x 5 mm reversed phase Hichrom C18 col-
umn using @ Varian HPLC chromatograph. Fluorescence in-
tensity was detected on a LDC fluoromster al an excitation
wavelength of 340 to 380 nm with an emission filter of 418 1o
700 nm.

Total proteins were determined by the method of Bradford.
Polvamine levels were expressed in nmols/mg of protein.

Statistics: Data were compared by statistical analysis using
Student’s t-test and the Mann-Whitney 1esl.

Results

Nutritional sratus of subjects: Mean weight at
the time of weaning was 12 + 0.5 g. All groups
reached stable weight at the end of the second
month and maintained 1t until the end of the
fourth month {mean weight 30 g}, At that time,
there were no significant weight differences
between groups. and group B (BD alone) was
not apparently affected by denutrition,

Tables [ and Il show the vitamin concentra-
tions in plasma and liver.

Plasma retinol concentrations did not differ
according to group, except for an increase in
group E subjects which received both retinol and
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astaxanthin (p <0,001). ct-tocopherol concen-
trations were lower in groups C and F (p < 0,001)
but tended to increase slightly in group B
(p<0,1}.

Vitamin A liver reserves (retinol + retinyl
palmitate) were lower (p <0,001) in deficient
subjects (group B), representing only 22% of
control concentrations. B-carotene raised this
level to 43,5%, and astaxanthin (non-provita-
minic) to 28%.

ODC activity: Table Il shows cutaneous en
zyme activity in the different nutritional condi-
tions, either with or without UV irradiation. In
the basal state without irradiation, inter-group
differences in ODC activity were not significant,

Table I: Vitamin plasma concentrations (p mal 7 1 = SEM)

although all experimental groups exhihb
lower activity relative to controls (group A

After irradiation, enzyme stimulation
eeneral and intense for all groups, and particg
larly marked in both relative and absolute termy
for group B (p <0,001). B-carotene alone (grog
D} provided considerable protection, where
astaxanthininthe same conditions { group F) wag¥
not significantly effective in reducing the reacsS
tion. Paradoxically, the association of reting]
with [-carotene or astaxanthin was less effec. &
tive than retinel alone,

Polvamines: Polyamines were assayed only in
groups A, B, E and F. Table IV shows the epi-
dermal free putrescine concentrations for these

E
-

Al

Groop A B c .- _ _______E _______F

Retinal 0,67220,05 0,751 £0.07 0,665 £0.08 0.620+£0,07 (2009 £ 0,09 0672006

o tocapherol 3.89=09 663207 366=042 50612 640+09 43107

Table 11 Liver vitamin concentration (n mol / ¢ = SEM) i

Giroup A ._- .m_i' c (H] E F

Retinol 14£3.46 586+4 Q4+ 98 1.6626.77 15.5=6.35 11677 ‘

Retinyl palmitase 240262 49419 265+68 98 8=32 2 59+31 €

o 1ocopherod JERx12E 68.15£12.2 42+17.5 30.1=7.8 339133 34788 3
i

Table [1I: Skin ODC acuivity (p mol CO2 /60 mn / mg proteins £ SEM) 4

I — non irradiated skin

Ciroup - A B C o E F )

QDRC 562+15 481K 46817 4.95 =09 5 29 5.08%1.37

I — srradiated skin

Eim_.'\- A _Ei\- C 0 E F -

QD Ta+54 33869 B 3 196+52 27.9=49.8 I0x9.7

Table I'V: Polyamine concentrations { n mol / mg protgins), PUT: p

utrescing, SPT: Spermidine. SPM: Spermine

Group MNon irradised 4 irmadimed )
n PUT SPD SPM n P PUT Yrd SPD o/ SPM
o — i— e
A 7 0,17 5,4 172 9 225 0.3 4.8 4 7 23
+0,05 =(,92 =072 =025 +2.19 M +=1.49
B & 0,11 4,63 162 5 4 I 045 = 465 £ 3 248
0,04 =168 +00.36 R 1 =179 + 1,09
E 9 0,19 5,13 318 10 = 0.9 g 402 1.82
fo # ;
(.09 +223 =108 > =014 3 + 144 ‘IE?_”W
F 7 0,20 6,35 3,10 0 f. L 032 477 44,7 221
=(L05 =186 =051 10 =0,18 261"‘?.!. 1.55 & +(,96
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Discussion
rritional status: Our protocol enabled us 10

tucdy, {irst of all, the reactions of mice in a state

clinical vitamin A deficiency, without de-

F 1! Wi
9,7 nutrition or any clinical signs of avitaminosis,
tn comparison with normally fed controls. A
marginal deficiency is characterized by inade
guate body stores of vitamin A to maintain nor-
T mal physiclogical functions but without the ap-
wance of clinical signs of deficiency [24]. The
arious vitamin statos of mice with latent
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Plasma retinol was not reduced under these
conditions, such a decrease occurning only as a

late sign of avitaminosis,

Cur experiment clearly showed that norma
plasma retinol conceniraiian 1s no s: ifeguard and
can in fact mask precarious reserve conditions
and hence the impossibility 10 respon
creased need resultng from stress or damage

In addition, the protocol permitted assessing
the effect of provitamin {B-carolene ) 01 nONPa-
vitamin (astaxanthin) carotenoids in varous vi-
tamin A conditions (sufficiency or deficiency).

The addition of B-carotene to the diet without
vitamin A activity {group D) had only a moder
ate influence on liver vitamin A reserves which

| 1o an in-

were twice as high as in subjects with latent avit
aminosis but less than half those of normally fed
controls. However, the quantity of li-carotene
was computed in consideration of the classic
equivalence for retinol in human nuts rition [ 1 kg
retinol = 6 pg of carotene). In mice. the re tinol
vield of carotene conversion al these doses ap-
pears Lo be appreciably lower
Astaxanthin was chosen (Fig. 114
senated carotenoid because classically 1t has no
vitamin A activity and appears to have some
al properties [9]. Like canthaxanthin, 1015
neutral-

1% an OXy-

orgin
also more effective than B-carotenc in
izing free radicals and alsc has better singiet
oxygen quenching ability. Moreover. astaxan
thin has immunoenhancing properties and has
an inhibiting effect on tumor growth.
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The addition of astaxanthin to the diet con-
taining retinol {group E) increased plasma retin-
ol and led to a slight decrease in liver reserves,
suggesting a mobilization of hepatic retinol and
a modification in the regulation of vitaminic
homeostasis under the influence of a carotenoid
deprived of vitaminic activity. This unexpected
relationship has not been reported before and
will be investigated in future research.

In subjects with latent avitaminosis, astaxan-
thin did not have the same effect on plasma
retinol concentrations. apparently because re-
tinol reserves were too low to be mobilized
Moreover, it had no significant sparing effect on
liver vitamin A concentration in group D sub.
jects.

Increased concentration of a-tocopherol in
plasma and especially inthe liver are typical dur-
ing vitamin A deficiency and were noted in our
subjects in a state of latent avitaminosis. This
tocopherol vaniation would thus appear to be a
sensitive marker of decline in vitamin status.

B-carotene, given as a supplement to the ba-
sic diet, restored normal tocopherol values in the
liver and even tended 10 reduce them below nor-
mal, which was surprising in our experimentz|
conditions since B-carotene only partially re
placed the retinol supply. This result suggests
that B-carotene itself has a particular effect, com-
parable to the remarkable powers of astaxanthin
which, without vitaminic properties, can lower
liver tocopherol concentrations below the usual
values in normal (E) or even deficient subjects
iF), thereby limiting the tissular accumulation
noted during pure vitamin A deficiency.

These observations have shed some light on
the relationships between retinol and c-tocoph-
erol whose respective variations are often oppo-
site. One of the factors involved may not con-
cern vitamin A properties themselves but other
biochemical properties shared by retinol with
carotenoids and possibly implicated in effects
on active forms of oxyzen.

ODC: In the absence of stimulation, no notice-
able variations in basal ODC activity were ob-
served in the different groups, other than a ten-
dency toward lower activity in all experimental
groups relative o controls. After UV stimula-
tion, activity increased markedly in all groups,
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ly increased reactivity in subjects receiving
retinol (group C). as if there was an overload
effect with inverted action.

Astaxanthin, like B-carotene. reduced the pro-
tective effect of retinol (group E) but alone, pro-
vided very slight protection to subjects with
latent avitaminosis (group F) compared to defi-
cient subjects (group B).
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This analogy between the behaviours of the
two carotenoids which, when asscciated with
retinol, either moderate or roughly abrogate the
slowing effect on ODC after irradiation. de-
serves further investigation. It is noteworthy that
the present study showed rather important van-
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