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Abstract 

In the present study we investigated if administration of  vitamin A could protect rat liver microsomes and mitochondria from 
in vitro peroxidation. Appreciable decrease of chemiluminescence and lipid peroxidation was measured in microsomal mem- 
branes from rats receiving vitamin A, with respect to control animals. In membranes derived from control animals, the fatty 
acid composition was profoundly modified when subjected to in vitro peroxidation mediated by ascorbate-Fe +÷, with a consid- 
erable decrease of  20:4 n6 and 22:6 n3 in mitochondria and 18:2 n6 and 20:4 n6 in microsomes. As a consequence the 
peroxidizability index, a parameter based on the maximal rate of  oxidation of specific fatty acids was higher in supplemented 
animals than in control group when both kind of membranes were analyzed. These changes were less pronounced in mem- 
branes derived from rats receiving vitamin A. These results are in agreement with previous results that indicated that vitamin 
A may act as an antioxidant protecting membranes from deleterious effects. (Mol Cell Biochem 154: 77-82, 1996) 
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Abbreviations." B H T -  butylated hydroxytoluene; B S A -  bovine serum albumin; CL-chemiluminescence; PI-peroxidizability 
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Introduction 

Lipid peroxidation is one of  the main events induced by 
oxidative stress [1] and is particularly active in those tissues 
whose membranes are rich in polyunsaturated fatty acids [2, 
3]. As retinoids have been found to act effectively in vitro as 
antioxidants and radical scavengers [4], and considering that 
mammalian liver play a major role in long chain fatty acids 
and vitamin A metabolism [5, 6] and assay was carried out 
to see whether a vitamin A supplemented diet could modify 
the in vitro susceptibility of  rat liver membranes to non- 
enzymatic lipid peroxidation. Vitamin A has been shown by 

other investigators to act as an antioxidant in many clinical 
situations, in our specific subject we have shown that vita- 
min A inhibits chemiluminescence and lipid peroxidation in 
rat liver microsomes and mitochondria. Thus to avoid arti- 
facts and misinterpretations, we followed the degradation 
process by determining chemiluminescence [7] and evaluat- 
ing the loss of specific fatty acids by the peroxidizability 
index [8] calculated from fatty acid composition determined 
by gas liquid chromatography. The results obtained in the 
present study show that rat liver microsomal and mito- 
chondrial membranes are protected by vitamin A when sub- 
jected to non enzymatic lipoperoxidation. 
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Materials and methods 

All trans retinol palmitate, type IV and butylated hydroxy- 
toluene were from the Sigma Chemical Co. (St. Louis, MO). 
BSA (fraction V) were obtained from Wako Pure Chemicals 
Industries Ltd., Japan. Standards of fatty acids methyl esters 
were generously supplied by NU Chek Prep, Inc, Elysian, 
MN, USA. All other reagents and chemicals were of analyti- 
cal grade from Sigma. 

Animals and membrane preparation 

FemaleWistarAH/HOK rats 7 weeks old, weighing 120-137 g 
were used. Two groups of  three rats were considered, and 
designatedA (vitaminA-supplemented), and B (control). All 
rats were fed commercial rat chow and water ad libitum. 
GroupA received one daily 0.39 g/kg body wt intraperitoneal 
injection of retinol palmitate, dissolved in 0.15 M NaC1, for 
7 days. The eighth day all the rats were sacrificed by cervi- 
cal dislocation and the liver was rapidly recovered, cut into 
small pieces and washed extensively with 0.15 M NaC1. A 
homogenate 30% (w/v) was prepared in 0.25 M sucrose so- 
lution, 10 mM Tris-HC1 (pH 7.4), 10 mM EDTA, using a 
potter-Elvejhem homogenizer. The homogenate was spun at 
10,000 g for 10 rain, 3 ml of the resultant supernatant was 
applied to a Sepharose 4B column (1,6 × 12 cm) equili- 
brated and eluted with 10 mM Tris-HC1 (pH 7.4), 0.01% 
NaN 3. The microsomal fraction appearing in the void vol- 
ume (10-16 ml) was brought to 0.25 M sucrose by addi- 
tion of  solid sucrose. All operations were performed at 4°C 
and under dim light. The quality of this microsomal prepa- 
ration is similar in composition as regards concentrations 
and activities of  certain microsomal enzymes to that ob- 
tained by ultracentrifugation [9]. Mitochondria was pre- 
pared as already described [10]. 

Peroxidation of microsomes and mitochondria 

Chemiluminescence and lipid peroxidation were initiated 
by adding ascorbate to microsomes or mitochondria [7, 
11-13]. Membranes at a concentration of 1-6 mg of  pro- 
tein were incubated at 37°C with 0.01 M phosphate buffer 
(pH 7.4), 0.4 mM ascorbate, final volume 2 ml. Phosphate 
buffer is contaminated with sufficient iron to provide the 
necessary ferrous or ferric iron for lipoperoxidation [13]. 
Membrane preparations which lacked ascorbate were car- 
ried out simultaneously. Chemiluminescence was measured 
as counts per min in a liquid scintillation analyzer Packard 
1900 TR. 

Measurement of fatty acid composition 

Microsomal or mitochondrial lipids were extracted with 
chloroform/methanol (2:1 v/v) [14] from native or per- 
oxidated membranes. Fatty acids were transmethylated with 
5 % HC1 in methanol at 80°C for 60 min. Fatty acid methyl 
esters were analyzed with a GC-14A gas chromatograph 
(Shimadzu, Kyoto, Japan) equipped with a DB-225 megabore 
column (30 m x 0.53 mm i.d., J & V Scientific, Folson, CA, 
USA). Nitrogen was used as a carrier gas. The injector and 
detector temperatures were maintained at 250°C, the column 
temperature was held at 90°C for 1 min, 90-180°C at 15°C/ 
rain, 180-200°C at 3°C/min, 200-220°C at 3°C/rain, 220°C 
for 7 rain. Fatty acid methyl esters peaks were identified by 
comparison of retention times with those of standards. 

Peroxidizability Index 

Peroxidizability Index (PI) was calculating according to the 
formula [8, 15], PI = (per cent of monoenoic acids x 0.025) 
+ (per cent ofdienoic acids x 1) + (per cent oftrienoic acids 
x 2) + (per cent of  tetraenoic acids x 4) + (per cent of  
pentaenoic acids x 6) + (per cent ofhexaenoic acids x 8). 

Protein determination 

Proteins were determined by the method of Lowry et al. [ 16] 
using BSA as standard. 

Estimation of retinoids 

For extraction ofvitaminA compounds, fractions were gently 
mixed with 2 vol ethanol-BHT, followed by successive addi- 
tions ofhexane-BHT. After brief centrifugation the upper phase 
was withdrawn and concentrated under nitrogen and then dis- 
solved in a final volume of  3 ml of hexane-BHT. Retinoid 
concentration was measured with a spectrophotometer  
Shimadzu at 330 nm using retinyl palmitate as standard [ 17]. 

Results 

Vitamin A content in total homogenate and microsomal 
preparations were appreciably higher in group A rats than in 
control rats (Table 1). Microsomes showed a higher concen- 
tration of vitamin A than mitochondria in both group A and 
control animals. The total cprn/mg protein originated from 
chemiluminescence {measured after 60 min of incubation) 
resulting from the addition of  ascorbic acid to rat liver 



Table 1. Vitamin A concentration in homogenate, mitochondria and 
microsomes from vitamin A-supplemented and control rats 

gg Vitamin Almg protein 

Fraction Vitamin A-supplemented group Control group 

Homogenate 0.203 + 0.0430 0.030 + 0.0026* 
Mitochondria 0.052 + 0.0047 0.017 + 0.0032* 
Microsomes 0.24I + 0.0300 0.070 ± 0.0041" 

Data are given as the mean + S.D. of three experiments. Statistically sig- 
nificant differences between control and supplemented group are indi- 
cated by *. p < 0.001 using Student's t test. 

Table 2. Total chemiluminescence (after 60 min incubation) of  rat liver 
microsomes and mitochondria induced by ascorbate-Fe +÷. 

cpm/mg protein 

Fraction Vitamin A-supplemented group Control group 

Mitochondria 1,013,521.6 + 275,879 629,690 + 220,693 
Microsomes 489,752.0 + 14,598 712,524 + 50,680* 

Data are given as the mean + S.D. of three experiments. Statistically sig- 

nificant differences between control and supplemented group are indi- 
cated by *. p < 0.01 using Student's t test. 

microsomes or mitochondria is shown in Table 2. Chemi- 
luminescence of rat liver microsomes and mitochondria in- 
duced by ascorbate-Fe ++ showed different results when the 
vitamin A-supplemented and the control group were com- 
pared. This is consistent with a considerable increase in 
maximal or peak induced CL of microsomal membranes iso- 
lated from control rats (Fig. 1A). No significant differences 
in maximal CL was observed when mitochondrial mem- 
branes from both groups were assayed (Fig. 1B). The fatty 
acid composition of  total lipids in liver mitochondria of rats 
supplemented with vitaminA and control group is presented 
in Table 3. As compared with native mitochondria, in the 
peroxidized mitochondria, the levels of 20:4 n6 and 22:6 n3 
were lower. The fatty acid composition of total lipids in liver 
microsomes of rats supplemented with vitamin A and con- 
trol group is presented in Table 4. As compared with native 
microsomes, in the peroxidized microsomes, the levels of 
20:4 n6 and 18:2 n6 were lower. In the vitamin A-supple- 
mented group only the level of 20:4 n6 decreased signifi- 
cantly when compared with native microsomes. There were 
marked differences when the PI of  native and peroxidized 
microsomes and mitochondria was compared. These changes 
were less pronounced in membranes derived from rats receiv- 
ing vitamin A. Although vitamin A has no influence on the 
percentage distribution of  fatty acid species with different 
amounts of  double bonds isolated from mitochondrial or 
microsomal membranes from vitamin A and control group 
(Tables 3 and 4), lipoperoxidation in the presence ofascorbate- 
Fe ++ evokes an important decrease in the relative content of 
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Fig. 1. Effect of  treatment with vitamin A on ascorbate-Fe ++ lipo- 
peroxidation induced in vitro. Microsomal and mitochondrial membranes 
from control O - - - O  and vitamin A supplemented group O---O. A: 
microsomes, B: mitochondria. Each point is the mean value + S.D. of 
three experiments. 

the more polyunsaturated fatty acids. As a result the per- 
oxidizability index of peroxidized membranes in the vitamin 
A group is significantly higher than in control group (Table 5). 
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Table 3. Fatty acid composition (Area %) of rat liver mitochondria native and peroxidized from vitamin A-supplemented and control group 

Vitamin A -supplemented group Control group 

Fatty acid Native Peroxidized Native Peroxidized 

16:0 14.977 + 2.894 16.323 ± 3.692 12.983 ± 0.985 10.403 ± 3.110 
16:1 (n-7) tr tr tr tr 
18:0 27.173 ± 0.729 25.160 ± 0.679 27.190 ± 2.257 25.857 ± 2.851 
18:1 (n-9) 5.223 ± 0.362 14.923 ± 5.167" 6.017 ± 2.298 19.413 ± 4.032* 
18:2 (n-6) 14.937 ± 3.450 13.090 + 0.335 14.527 ± 1.330 13.640 + 2.750 
18:3 (n-3) 1.017 + 0.478 0.440 ± 0.762 0.393 ± 0.423 tr* 
20:4 (n-6) 24.007 + 3.136 15.607 ± 1.389" 23.593 + 1.273 12.405 ± 3.758* 
22:5 (n-3) 0.960 ± 0.125 1.090 + 1.888 0.957 ± 0.261 tr* 
22:6 (n-3) 7.453 + 1.389 2.530 ± 2.207* 8.703 ± 0.456 tr* 

Data are given as the mean ± S.D. of three experiments. Statistically significant differences in fatty acid concentration between native and peroxidized 
mitochondria are indicated by *. p < 0.05 using Student's t test. 

Table 4. Fatty acid composition (Area %) of rat liver microsomes native and peroxidized from vitamin A-supplemented and control group 

Vitamin A-supplemented group Control group 

Fatty acid Native Peroxidized Native Peroxidized 

16:0 16.197 + 5.638 20.970 + 2.682 17.320 ± 2.548 20.183 + 2.380 
16:1 (n-7) 1.230 + 2.130 tr tr tr 
18:0 22.697 + 2.786 20.033 ± 4.324 24.460 ± 5.365 16.640 ± 5.689 
18:1 (n-9) 9.673 ± 2.803 15.933 + 3.821" 8.730 + 6.535 13.300 ± 5.352 
18:2 (r~6) 8.900 ± 1.775 5.500 + 3.688 11.773 ± 0.662 2.567 ± 1.476" 
18:3 (n-3) 1.440 ± 0.292 0.643 ± 1.114 0.823 ± 0.446 tr 
20:4 (n~5) 23.990 ± 4.791 7.703 ± 1.775" 19.490 ± 3.301 4.793 + 1.472" 
22:5 (n-3) tr tr 2.647 ± 2.231 tr 
22:6 (n-3) tr tr tr tr 

Data are given as the mean + S.D. of three experiments. Statistically significant differences in fatty acid concentration between native and peroxidized 
microsomes are indicated by *. p < 0.05 using Student's t test. 

Table 5. Peroxidizability index of native and peroxidized mitochondria and microsomes from vitamin A supplemented and control group 

Vitamin A-supplemented group Control group 

Fraction Native Peroxidized Native Peroxidized 

Mitochondria 192.09 + 5.15 103.55 + 12.56" 185.45 + 8.06 58.41 + 8.68* 
Microsomes 121.44 + 8.54 38.00 + 11.70" 107.50 ± 2.26 22.07 ± 6.33* 

Data are given as the mean ± S.D. of three experiments. Statistically significant differences in PI between native and peroxidized microsomes are 
indicated by *. p < 0.001 using Student's t test. 

Discussion 

A l t h o u g h  c o n s i d e r a b l e  r e s e a r c h  ha s  a l r eady  b e e n  p e r f o r m e d  

to c h a r a c t e r i z e  t h e  c h a n g e s  in  s t ruc tu re ,  c o m p o s i t i o n  a n d  

p h y s i c a l  p r o p e r t i e s  o f  m e m b r a n e s  s u b j e c t e d  to o x i d a t i o n  

[ 18 -21  ], it is i m p o r t a n t  to k n o w  h o w  b i o l o g i c a l  c o m p o u n d s  

w i t h  a n t i o x i d a n t  p r o p e r t i e s  c o n t r i b u t e  to  the  p r o t e c t i o n  o f  

spec ia l i zed  m e m b r a n e s  aga ins t  de le te r ious  effects  o f  reac t ive  

o x y g e n  spec i e s  a n d  o t h e r  f ree  rad ica ls .  

B y  v i r tue  o f  its hydrophob ic i ty ,  v i t a m i n A  can  par t i t ion  into 

l ip id  m e m b r a n e s ,  w h e r e  it p l ays  an  a n t i o x i d a n t  ro le  [22, 23]. 

The  poss ib le  m e c h a n i s m  o f  p ro t ec t i on  b y  v i t a m i n  A aga ins t  

pe rox ida t ion  and  the  func t ion  o f  r e t ino ids  as an t iox idan t s  and  

effect ive radical  scavengers  w h e n  assayed  in m e m b r a n e  prepa-  

ra t ions  in v ivo  has  b e e n  a l ready  desc r ibed  [24 -27 ) .  To fu r the r  

inves t iga te  this  effect  w e  ana lyzed  i f  admin i s t r a t i on  o f  v i t a m i n  

A cou ld  p ro tec t  ra t  l iver  m i c r o s o m e s  or  m i t o c h o n d r i a  f r o m  in 

vivo peroxidat ion.  Severa l  s tudies  have  s h o w n  tha t  m e m b r a n e s  

en r i ched  w i t h  v i t a m i n  A are p ro tec t ed  aga ins t  ox ida t ive  s tress  

occur r ing  in vivo,  and  exh ib i t  r e s i s t ance  to l ip id  p e r o x i d a t i o n  

i nduced  in v i tro  [28, 29].  P r e v i o u s  i n v e s t i g a t i o n s  f r o m  ou r  

l abora to ry  h a v e  s h o w n  tha t  the  fat ty  ac id  c o m p o s i t i o n  o f  ra t  



liver microsomes is modified after non-enzymatic peroxidation 
in the presence ofascorbate-Fe ++ [30].As a result oftherelative 
decrease in fatty acid unsaturation ofperoxidized microsomes, 
the PI, a parameter based on the maximal rate of oxidation in 

vitro of  specific fatty acids, decreased a 60% compared to 
native microsomes. A higher chemiluminescence in mitochon- 
dria than in microsomes could be due to the concentration of 
vitamin A in both membranes; thus the content of vitamin A 
was 4.6 and 4.1 times higher in microsomes than in mitochon- 
dria when the supplemented and control group were compared. 

In the present studies we have determined that either rat 
liver mitochondria or microsomes obtained from supple- 
mented vitaminA rats are protected against lipoperoxidation 
when compared with similar membranes obtained from con- 
trol rats. In our experimental conditions we did not find any 
changes in fatty acid composition of  rat liver mitochondria 
and microsomes of rats treated with vitamin A when com- 
pared with control group. In a previous study it has been 
demonstrated that the fatty acid composition, both of liver 
retinyl esters and of the total liver lipids can be significantly 
altered by high intake of vitamin A [31], with an increase of 
the ratios of more unsaturated to less unsaturated fatty acids 
while those of elongated to unelongated fatty acids fell. One 
possible explanation for this discrepancy between fatty acid 
composition in our study and those of  Furr and Olson may 
be the time and amount of  vitamin provided to the animals 
as explained by Baker et al. [32]. 

Ciaccio et aI. [29] have recently demonstrated that brain 
and heart membrane preparations from rats receiving vita- 
min A, assayed in vitro in the presence of an ascorbate-Fe ++ 
induction system showed a delay at the beginning of the lipid 
peroxidation and generated lesser amounts of  TBARS, with 
respect to membranes from control rats. Our results and those 
reported previously [29] are consistent with the hypothesis 
that vitamin A may act as a physiological antioxidant in cell 
membranes where it is localized. However, further studies are 
needed to more adequately evaluate these observations. 
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