Molecular and Cellular Biochemistr§97: 173-178, 1999.
© 1999 Kluwer Academic Publishers. Printed in the Netherlands.

The effect ofa tocopherol, all-trans retinol and
retinyl palmitate on the non enzymatic lipid
peroxidation of rod outer segments

M. Guajardd, A. Terrasdand A. Catal&

!Cétedra de Bioquimica, Facultad de Ciencias Veterinarias, Universidad Nacional de La Plata CC 296, La Plata,
Argentina;2Carrera del Investigador Cientifico, Consejo Nacional de Investigaciones Cientificas y Técnicas de la
Republica Argentina

Received 15 May 1998; accepted 31 August 1998

Abstract

The effect ofx tocopherol, all-trans retinol and retinyl palmitate on the non enzymatic lipid peroxidation induced by ascorbate-
Fe?* of rod outer segment membranes isolated from bovine retina was examined. The inhibition of light emission (maximal
induced chemiluminescence) kiytocopherol, all-trans retinol and retinyl palmitate was concentration dependent. All trans
retinol showed a substantial degree of inhibition against ascorb#t@xéeced lipid peroxidation in rod outer segment
membranes that was 10 times higher than the observed in the presence oftettbpherol or retinyl palmitate. Inhibition of

lipid peroxidation of rod outer segment membranes tpcopherol and retinyl palmitate was almost linear for up to 0,5 pmol
vitamin/mg membrane protein, whereas all-trans retinol showed linearity up to 0,1 pumol vitamin/mg membrane protein.
Incubation of rod outer segments with increasing amounts of low molecular weight cytosolic proteins catf@hignbipic

acid, PH] retinyl palmitate or3H] all-trans retinol during the lipid peroxidation process produced a net transfer of ligand from
soluble protein to membranes. Linoleic acid was 4 times more effectively transferred to rod outer segment membranes than al
trans retinol or retinyl palmitate. Incubation of rod outer segments with delipidated low molecular weight cytosolic podtetas p
inhibition of lipid peroxidation. The inhibitory effect was increased when the soluble retinal protein fraction coataioomherol

was used. These data provide strong support for the role of all-trans retinol as the major retinal antioxidant and ogfen the way
many fruitful studies on the interaction and precise roles of low molecular weight cytosolic retinal proteins involvaeddimipe b

of antioxidant hydrophobic compounds with rod outer segments. (Mol Cell BiotB&n173-178, 1999)
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Introduction lipid peroxidation induced by the water soluble azo initiator
2,2'-azobis (2-amidinopropane) hydrochloride [6]. Previous
The antioxidant activity of retinoids andocopherol against  evidence in our laboratory showed that lipoperoxidation of
lipid peroxidation has long been observed biothitro [1, rod outer segments of bovine retina is inhibited by a fraction
2] andin vivo [3, 4].The preventive effect of natural and containing soluble binding proteins for fatty acids (Terrasa
synthetic antioxidants on lipid peroxidation has been assayecet al [7]). This cytosolic protein is also able to bind vitamin
in bovine retina, purified rod outer segments and retinal A derivatives such as retinyl palmitate. Sircéocopherol
pigment epithelium [5]. Studies from Livrea laboratory using and all-trans retinol also bind to cytosolic proteins, this
crude retinal membranes has demonstrated reciprocal proprompted us to evaluate the effectiafocopherol, all-trans
tective effects of all-trans retinol amdtocopherol during  retinol and retinyl palmitate alone or bound to its intracellular
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binding proteins on the non enzymatic lipid peroxidation according to the method described by Géttal [11]. The
induced by ascorbate-Fef rod outer segment membranes column used was ( 8 x 1.2 cm ) equilibrated and eluted with
isolated from bovine retina. buffer 10 mM phosphate, pH 7.4 containing 0.005\% NaN

Materials and methods Incubation of retinal cytosol with-tocopherol

65 nmol ofa-tocopherol/mg of cytosolic protein were

Bovine eyes were obtained from Gorina slaughterhouse, ’ o .
ipcubated with 6 ml of delipidated retinal cytosol.

Sephadex G75 and Sepharosa 4 B were from Pharmacia Fin
Chemicals Inc. Piscataway N. J. BSA (Fraction V) and
cytochrome ¢ were obtained from Wako Pure Chemical ) ) ) o ]
Industries Ltd. Japan. Lipidex 1000 was purchased from !Solation of retinal cytosolic protein with hydrophobic
Sigma, USA. Retinol all- trans (20-Methi#) was purchased ~ 19ands properties

from NEN TM Life Science Products Bostons MA USA 73.5 ) o ] )

Ci/lmmol. Retinol Palmitate, All-trans Type IV: Sigma Grade Fractions containing low molecular weight proteins were
Synthetic, (+)a Tocopherol Approx 95% and Retinol all- pre.parate.d.by filtration of retinal dellplda}ted cytosol'and
trans Approx 70% Synthetic were from Sigma Chemical retinal dellp!dated cytosol (25 mg of each) incubated qﬂth
Co.[PH] retinyl esters were prepared by incubation of Retinol {2c0Pherol, in a Sephadex G75 column (3 x 40 cm) calibrated
all-trans (20-MethyRH ) with microsomes from bovine with BSA (66 kDa) and cytochrome c ( 12.4 kDa). An eluent

retinal pigment epithelium using the methods described by 10 MM Tris-HCI pH 7.4, 0.005% Nalvas used. The flow

Saari and Bredberg [8]. rate was 90 ml/h. The protein fraction (150-200 ml) were
All other reagents and chemicals were of analytical gradeP0!€d and concentrated by ultrafiltration cell.

from Sigma Chemical Company.

Incubation of all trans3H] retinol and all trans fH ]
Rod outer segment membranes preparation retinyl palmitate with retinal cytosol

Bovine eyes were removed at slaughter, transported in ice t& pCi of PH ] all-trans retinol was incubated with 6 ml cytosol
laboratory and retinas taken out within 1-2 h. Retinas were(49.84 mg Pt.) and applied on a Sephadex G75 column (3 x
separated and rod outer segments were isolated from the wholé0 cm), flow rate 90 ml/h, equilibrated and eluted with 10
retina by continuous sucrose density gradient centrifugationmM Tris-HCI pH 7.4, 0.005% NaNSamples of 5 ml frac-
by methods that have been described by Borggrenain[9] tions were collected and radioactivity determined in each
fraction with a liquid Scintillation Counter Packard 1900 TR.
Measurements of absorbance at 280 nm were carried out
Preparation of retinal cytosol simultaneously. Two large fraction were separated.
One in the high molecular weight range and another
Fifteen retinas were collected in an ice-cold solution of 0.25 enriched with low molecular weight proteins having hidro-
m sucrose, 10 mm Tris-HCI pH 7.4 0.1 mm PMFS (1 ml per phobic ligand binding properties. A similar procedure was
retina) and homogenized using a Teflon-glass Potter Elvehjendone by using 4.5 uCi all transH] retinyl palmitate with 6
homogenizer. The homogenate was centrifuged for 20 min atml cytosol (20.76 mg Pt.) Retinal cytosol incubated with
13500 x g and the resulting supernatant was applied to d*H]all-trans retinol or its fatty acid ester showed association
Sepharose 4 B column (1.6 x 12 cm) equilibrated and elutedof radioactivity with a low molecular weight protein.
with 10 mM Tris- HCl pH 7.4, 0.005% Nghh order to separate
particulate material from cytosol [10]. The soluble fraction
appearing in the volume (24-36 ml) was pooled and concen-Lipid peroxidation of rod outer segment membranes
trated using a ultrafiltration cell MFS-UHP43-MW CO 10000
at pN, = 2-5 kg/cm All operatios were performed at 4°C. Chemiluminescence and lipid peroxidation were initiated by
adding ascorbate to rod outer segments [12]. Membranes at
a concentration of 0.25 mg of protein were treated previously
Delipidation of retinal cytosol with different amounts ofi-tocopherol, all-trans retinol or
retinyl palmitate and then incubated at 37°C with 0.01 M
6 ml of retinal cytosol containing 25 mg protein were phosphate buffer (pH 7.4), 0.4 mM ascorbate, final volume
subjected to chromatography on Lipidex 1000 at 37°C 2 ml. Phosphate buffer is contaminated with sufficient iron
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to provide the necessary ferrous or ferric iron for lipo- 200
peroxidation. Membrane preparations which lacked ascorbate
were carried out simultaneously. Membrane light emission «g 150 A
was determined over a 180 min period, chemiluminescence —
was recorded as cpm every 10 min and the decrease of the>
sum of the total chemiluminescence was used to calculate % g_ 100
inhibition. )

E') 50
Transfer of 1¥C linoleic acid,*H retinyl ester orfH all- hk:
trans retinol from low molecular weight cytosolic proteins '
to rod outer segment membranes 150 180
Rod outer segment membranes (0.25 mg protein) were
incubated as indicated before in the presence of low mole-
cular weight proteins (0.2—-0.4—0.6 mg) containing eitHéc1-
linoleic acid *H retinyl ester ofH all-trans retinol. When the 200
incubation period necessary to obtain total lipid peroxidation
was reached, the sample was centrifuged at 13500 x g 10 mirs— 150 B
in an Eppendorf microcentrifuge. Aliquots of the supernatant =
and the whole pellet were used to measure radioactivity as X
previously described (Avanzatti and Catala, [13]). The g_ 100
amount of fatty acid or retinoid transferred to rod outer ©
segment membranes was calculated from the sum of radio-2  §0
activity present in pellet and soluble material. o

0 I

Results O 30 60 90 120 150 180

After incubation of rod outer segments in an ascorbate-Fe

system, at 37°C during 120 or 180 min, it was observed that

the total cpm originated from light emission (chemilumines-

cence) was lower in those membranes incubated in the 200
presence of the antioxidants analyzed. The times courses of

the chemiluminescence resulting from the addition of four «g 150
different concentrations of either tocopherol, all- trans
retinol and retinyl palmitate to rod outer segment membranes >

are shown in Fig.1A, B and C respectivelly. After addition g 100
of ascorbate (0.4 mM) , rod outer segment membranes showed©.
maximal light emission at approximately 40 min. An addi- =4 50
tional induction time of 40 min was observed when retinyl

palmitate (0.125 pumol mg prétwas incorporated into the 0 ‘
membranes. This induction time was not observed vehen !
tocopherol or all-trans retinol were used as antioxidants. 0 30 60 90 120 150 180
Inhibition of lipid peroxidation byx tocopherol and retinyl
palmitate, was almost linear up to 0.5 umol mgprathereas
all-trans retinol inhibition showed linearity up to 0.1 umol

Time (min)

mg prot! Fig. 2. IC50 values were calculated from the Fig. 1. Lipid peroxidation of rod outer segment membranes (0.25 mg of

inhibition curve of antioxidants on the chemiluminescence Protein) with the addition of (A) @1-L; 0.125 A-A; 0.250,0-1 ando-,
rates (data no showed). All-trans retinol showed a substantiaft *™M0! tocopherol/img protein rod outer segment membranes. (8)-0,

L . . ;0.0125A-A; 0.0251-0 andd—0, 0.1 umol all-trans retinol/mg protein
+H
degree of inhibition against ascorbate“Faduced lipid rod outer segment membranes. (CJIBLI: 0.0625A—A; 0.125/1- and

peroxidation in rod outer segment membranes that was 1Q-o, 0.5 umol retinyl palmitate/mg protein rod outer segment membranes.

times higher than the observed in the presence of aither In all cases control without ascorbic acid.
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Fig. 2. Inhibition of lipid peroxidation of rod outer segment membranes by g 1 4 1 g
all-trans retinolO-O, alpha tocopherdll-[d and retinyl palmitaté&—A. o B )
3 3
o’ <
tocopherol or retinyl palmitate. Figure 3 shows typical gel 0 - 0
filtration experiments in which two major fractions with fatty
acid or retinoid binding properties are observed when retinal 80 120 160 200 240
cytosol incubated either with 2-C linoleic acid *H retinyl
palmitate ofH all-trans retinol was analyzed. Incubation of ~ 1.0 1,0
rod outer segments with increasing amounts of low molecular =
weight cytosolic proteins carrying 4€ linoleic acid,*H D £
retinyl palmitate orPH all-trans retinol during the lipid E S
peroxidation process produced a net transfer of ligand from g o
soluble protein to membranes. Thus when 0.4 and 0.6 mg of 7 |5 3
cytosolic protein were used linoleic acid was 4 times more S §
effectively transferred to rod outer segment membranes than '("‘% S
all-trans retinol or retinyl palmitate which could be an o 2
indication of the relative affinities of ligand to cytosolic & <
retinal proteins and/or rod outer segment membranes Fig. 4 0

A decrease of chemiluminescence was observed with the
addition of increasing amount of delipidatedidocopherol
containing fraction isolated from retinal cytosol to rod outer Volume (ml)
segment membranes. The inhibitory effect was more pro-

nounced when theetocopherol containing fraction was used. Fig. 3. About 1 pCi of [1C] linoleic acid + retinal cytosol (62,23 mg
pt) (A) 3 pCi of pH]all-trans retinol + retinal cytosol (49,84 mg pt) (B) or

80 120 160 200 240

Figure 5.
g 4,5 uCi of PH]retinyl ester + retinal cytosol (20,76 mg pt) (C) were
chromatographed in Sephadex G75 (3 x 40 cm) , flow rate 90 ml/h, 5 ml
. . fractions, elution buffer 10 mM Tris-HCI pH 7.4. Samples were collected
D|SCUSS|0n and the radioactivity®—@ and absorbance to 280 rim+1 was measured.

In a previous study [7] we have demonstrated that after

incubation of rod outer segment membranes in an ascorbatemembranes incubated in the presence of soluble binding
Fe** system, at 37°C during 120 min, the total cpm originated proteins for fatty acids. The fatty acid composition of rod
from light emission (chemiluminescence) was lower in those outer segment membranes was substantially modified when
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Fig. 4. Transfer of [1¥C] linoleic acid O-O, all-trans retinold0-0O or
retinyl palmitated-A. from low molecular weight proteins of retinal cytosol
to rod outer segment membranes.

subjected to non-enzymatic lipoperoxidation with a con-
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retinol palmitate,a tocopherol and all-trans retinol, we
decided to analyze the effect of this lipid soluble vitamins
alone or bound to its cytosolic proteins on the hon enzymatic
lipid peroxidation of rod outer segment membranes in an
ascorbate-Fe system. Lipophylic vitamins such as
tocopherol, retinyl palmitate and all-trans retinol have been
well studied in several tissues because of their antioxidant
effects, however the mechanisms for their ability to prevent
lipid peroxidation process are not fully understood. In
accordance with the proposed mechanism by which polyenes
such as carotenoids and retinoids may intervene during lipid
peroxidation, retinol reacts by lipoperoxyl radical (£D
addition to cyclohexenyl ring. The resulting retinoid-adduct
carbon-centered radical may add a second lipoperoxyl
radical. This route can support effective lipoperoxyl radical
scavenging activity of all-trans retinol wich may acts as a
chain-breaking antioxidants [14]. We have developethan
vitro model membrane system in order to assess the relative
effectiveness of three lipophilic antioxidants on the non
enzymatic lipid peroxidation of rod outer segment mem-
branes. Our results clearly indicate that the antioxidants
studied may act directly when are incorporated into the rod
outer segment membrane or when added tmaitro system
bound to low molecular weight cytosolic proteins. In this
regard it is important to note that the exchange of all-trans
retinoids (retinal, retinol, retinyl palmitate) between phos-
phatidylcholine (PC) vesicles and rod outer segment mem-

siderable decrease of docosahexaenoic acid (22:6 n3) anfiranes has been investigated usirigl? °H labelled
arachidonic acid, (20:4 n6). Since in the range 14-15 kDaCompounds. Rod outer segment membranes take up relatively

coexist cytosolic proteins that bind long chain fatty acids,
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Fig. 5. Inhibition of ascorbate-Péinduced chemiluminescence of rod outer
segment membranes by retinal low molecular weight cytosolic proteins;
delipidatedO-O or loaded witha tocopherol®—@. Results are mean *
S.D. of three determinations.

small amounts of retinoids (retinyl palmitate less than retinol
less than retinal) and rapidly lose 60-90% of their label in
the presence of PC-vesicles. Apparently, rod outer segment
membranes have a much lower affinity for retinoids than
other artificial or natural membranes investigated so far [15].
The tocopherol in the rod outer segments is consumed in air,
thus complete protection from peroxidation in vitro requires
an inert atmosphere as well as high levels of tocopherol [16].
Retinyl palmitate and retinyl stearate are of central im-
portance in the visual cycle because they are the major storage
molecules for retinol. In some tissues (e.g. liver) the amount
of vitamin A (mostly in the form of retinyl ester) is positively
correlated with both the amountwfocopherol and age [17].
Vitamin E is thought to be important for protection of
polyunsaturated fatty acids from oxidative damage. The
vitamin-E content in various structures of the retina has been
determined, the highest concentration of vitamin was located
in the retinal pigment epithelium followed by the outer
segments of the photoreceptor cells [18]. It appears, that these
lipophilic antioxidants, can be delivered to by its specific
cytosolic binding proteins to their action sites on the mem-
brane where they play their antioxidant effect . Taken together
our results indicate that several lipophilic compounds
including vitamin E, retinyl palmitate and retinol contribute
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to the antioxidant protection of the polyunsaturated fatty acids 6.
present in rod outer segment membrane phospholipids. To our
knowledge, the presenceaftocopherol binding protein in
retinal cytosol, has not been described. Further studies on the;
interaction of these low molecular weight cytosolic proteins
involved in the binding of the lipophilic antioxidants analized

in this study may be of importance in the knowledge of retinal &
function.
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