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Age-Related Changes in A6 and A5 Desaturase Activities in Rat 
Liver Microsomes 
C. Maniongui a, J.P. Blond a, L. Ulmann a, G. Durand b, J.P. Poisson a and J. B6zard a,* 
aunit~ de Recherche de Nutrition Cellulaire et M~tabolique, Universit~ de Bourgogne, 21000, Dijon and bLaboratoire de Nutrition et 
S6curit4 Alimentaire, INRA, 78350 Jouy en Josas, France 

Age-related changes in A6 desaturation of [1-1~]a-lino - 
lenic acid and [1J4C]linoleic acid and in A5 desaturation of 
[2-14C]dihom~y-iinolenic acid were studied in liver micro- 
somes from Wistar male rats at various ages ranging from 
1.5 to 24 moll. Desaturase activities were expressed both 
as specific activity of liver microsomes and as the capaci- 
ty  of whole fiver to desaturate by taking into account the 
total amount of liver microsomal protein. A6 Desaturation 
of a-linolenic acid increased from 1.5 to 3 mon and then 
decreased linearly up to 24 mon to reach the same desatura- 
tion capacity of fiver measured at 1.5 mon. The capacity 
of fiver to desaturate linoleic acid increased up to 6 mon 
and then remained constant, whereas microsomal specific 
activity was equal at 1.5 and 24 mon of age. The capacity 
of fiver to convert dihomo-y-finolenic acid to arachidonlc 
acid by A5 desaturation decreased markedly from 1.5 to 
3 mon. It then increased to reach, at 24 mon, the same level 
as that observed at 1.5 mon. Age-related changes in the 
fatty acid composition of liver microsomal phospholipids 
at the seven time points studied and of erythrocyte lipids 
at 1.5 and 24 molt were consistent with the variations in 
desaturation capacity of fiver. In particular, arachidonic 
acid content in old rats was slightly higher than in young 
rats whereas contents in linoleic and docosahexaenoic acids 
varied little throughout the life span. The results suggest  
that, in liver, the activity of desaturases may be regulated 
in the course of aging to maintain a constant level of 
pol3mnsaturated fatty acids in cellular membranes. 
Lipids 28, 291-297 {1993). 

Arachidonic acid (20:4n-6} and docosabex~enoic acid 
(22:6n-3), which are the major polyunsaturated fatty acids 
of phospholipids in mammalian cells, are formed, principal- 
ly in fiver, from the precursors linoleic acid (18:2n-6) and a- 
linolenic acid (18:3n-3), respectively The essentiality of these 
precursors depends on their capacity to be A6 desaturated 
and then transformed to 20:4n-6 and 22:6n-3 by chain 
elongation and A5 desaturation (20:4n-6), and by another 
elongation and A4 desaturation (22:6n-3). Desaturation and 
elongation are alternative reactions, but the desaturation 
processes are rate-limiting whereas the elongation steps are 
rapid (1-3}. The hepatic A6 desaturas~ which is the regu- 
latory enzyme in the pathway involved in the biosynthesis 
of polyunsaturated fatty acids of the n-6 and n-3 series, con- 
verts 18:2n-6 to y-finolenic acid (18:3n-6) and 18:3n-3 to 
stearidonic acid {18:4n-3). Another important enzym~ the 
A5 desatttras~ is responsible for the biosynthesis of the ma- 
jor precursors of eicosanoids of series 2 and 3, i.e, 20:4n-6 
from dihomc~y-linolenic acid (20:3n-6} and eicosapentaenoic 
acid (20:5n-3) from eicosatetraenoic acid (20:4n-3}. It also con- 
trols the balance between the precursors of eicosanoids of 

series 1 and 2 compounds (20:3n-6 and 20:4n-6, respective 
ly), which have contrasting actions. 

Several studies have shown that the in vitro fatty acid 
desaturase activities in fiver microsomes are modified with 
aging. Peluffo and Brenner (4) showed that, in rat fiver, A6 
desaturation of 18:2n~ and 18:3n-3 was decreased at 12 mon 
of ag~ when compared to desaturation at 3 morL Bordoni 
et  aL (5) demonstrated that the A6 desaturase activity 
toward 18:2n-6 decreased with the age of rats (between 1 
and 22 mon}. A linear correlation was proposed between ac- 
tivity and ag~ In another study, these authors showed that 
the decrease in the A6 desaturation of 18:3n-3 activity began 
later than did desaturation of 18:2n-6 (6}. These results were 
obtained on Wistar rats fed a chow diet throughout their 
life Choi et  aL (7) found a significant agedependent decrease 
in the A6 desaturation activity of 18:2n-6 between young 
{3-week~)ld} and adult (8-month-old) rats, but they did not 
confirm their results in a second study {8}. Recently, Biagi 
et  rd (9) showed that the A6 desaturation rate of 18:2n-6 in 
Wistar rats of 12 mon was only 44% of that found in young 
animals (3-month~ld) after 1 mon of a semisynthetic diet 
containing soybean oil The decrease with age in the rate 
of 18:3n-3 A6 desaturation was much less. Bourre et  ed {10) 
found a 40% decrease in the A6 desaturation of 18:2n-6 in 
livers of mice between 4 and 17 mo~ In studies using rat 
fiver microsomes, the changes observed in the fatty acid 
compositions generally correlated with the impairment of 
A6 desaturation, suggesting a possible effect of age on the 
biosynthesis of prostaglandins and their metabofites. 

These previous studies dealt only with A6 desaturation 
of 18:2n-6 or 18:3n-3 and often were limited to few time 
points No study involved A5 desaturatiorL Moreover, results 
were expressed only as specific activity of A6 desaturation 
in fiver microsomes. The A6 desaturation capacity of whole 
fiver was not determinecL 

We therefore undertook a more complete survey of the 
evolution with age of A6 and A5 desaturation in rat fiver. 
For this purpose, Wistar rats were fed the same balanced 
semisynthetic diet during their life sparL The A6 desatura- 
tion of 18:2n-6 and of 18:3n-3 and the A5 desaturation of 
20:3n-6 were determined in fiver microsomes at seven time 
points ranging from 1.5 to 24 mon. Results were expressed 
both as specific activity and as total capacity of the fiver 
to desatumte The fatty acid composition of fiver microsomal 
phosphofipids was also determined to evaluate whether 
changes (if any) in the fatty acid profiles with age could be 
accounted for by modLfi" cations in desaturation specific ac- 
tivity or capacity. Data dealing with adult rats (3, 6, 9 mon 
of age) were reported in a preliminary study {11). The pr~ 
sent paper describes the complete study carried out on 
young, adult and old rats. 

*To whom correspondence should be addressed at Unith de Recher- 
che de Nutrition Cellulaire et M~tabolique, Facult~ des Sciences 
Mirande, Universith de Bourgogne, BP 138 21004 Dijon Cedex, 
France. 

Abbreviation: Prot, protein. 

MATERIALS AND METHODS 

A n i m a l s  and  diet. Weanling male Wistar rats were ran- 
domized into groups of three rats and housed in stainless- 
steel cages in a well-ventilated room maintained at 22~ 
on a 12-h fight/dark cycle They were fed a balanced diet 

Copyright �9 1993 by the American Oil Chemists' Society LIPIDS, Vol. 28, no. 4 (1993) 



292 

C. MANIONGUI ET AL. 

containing (g/kg): casein, 220; DL methionine, 1.6; cellu- 
lose, 20; starch, 440; sucrose, 218; mineral mixture, 40; 
vitamin mixture, 10; oil mixture (50% palm oil plus 50% 
rapeseed oil), 50. In 100 g of diet, linoleic acid (18:2n-6) 
and a-linolenic acid (18:3n-3) represented 945 and 188 mg, 
respectively (n-6/n-3 rati(~ 5.0). The fatty acid composition 
of the diet lipids is shown in Table 1. The diet was stored 
at 4-6~ and rats were fed ad libitum. Rats were main- 
tained on this diet up to 1.5, 3, 6, 9, 12, 18 and 24 mon 
of age at the Laboratoire de Nutrition et S~curit~ Alimen- 
taire (INRA, Jouy en Josas, France). For the 1.5 mort 
study, only one group of six rats was used. For the other 
six ages (3 to 24 mon), two groups of three rats were used 
at two different periods (generally summer and winter) of 
the same year or of two different years in order to mini- 
mize the effect of season on the desaturation rate (4). 

Chemicals. [1-14C]Linoleic acid (58 mCi]mmol, 99% 
radiochemical purity) was purchased from CEA (Gif sur 
Yvette, France). [1-14C]a-Linoleuic acid and [2-~4C]dihomo- 
y-linolenic acid (56 mCi]mmol, radiochemieal purity, 96%) 
were purchased from the Amersham Radiochemical Cen- 
tre (Amersham, United Kingdom). Each substrate was 
diluted in ethanol with unlabelled fatty acid to a specific 
activity of 10 mCi/mmol. Coenzymes, biochemicals and 
other chemicals were purchased from Sigma Chemical Ca 
(St. Louis, MO). 

Preparation of  rnnicrosornal fractions. All experiments 
were performed starting at 7:30 a.m. to avoid any circa- 
dian variation in desaturase activity (12) and on night- 
fed animals in order to obtain the maximum desaturation 
activity (2). 

The rats were anesthetized with sodium pentobarbital 
(6 mg per 100 g of body weight). They were exsanguinated 
by drawing blood from the abdominal aort~ The liver was 
excised, rinsed with ice-cold saline solution and weighed. 
About 3.5 g of liver were homogenized at 4~ in a Potter- 
Elvejhem homogenizer with 6 vol of 0.25 M sucrose in 0.05 
M buffer phosphate (pH 7.4). The homogenate was cen- 
trifuged at 13000 • g (Model J-21B centrifuge, J-21 rotor, 
Beckman, Lyon, France) for 20 rain to sediment ceil frag- 
ments, mitochondria and nuclei. The supernatant was 
recentrifuged (L8-55 Ultracentrifuge, Ti 60 rotor, Beck- 
man) at 105000 X g for 60 min, and the microsomal pellet 
was resuspended in 0.4 mL of supernatant and 0.8 mL of 
sucrose buffer. The amount of microsomal protein was 
determined by the method of Layne (13). 

Desaturation assays. Incubations were performed in 
open flasks at 37~ for 15 rain using a shaker water bath 
with a total volume of 2.1 mL incubation medium con- 
taining 72 mM phosphate buffer, pH 7.4, 4.8 mM MgC12, 
0.5 mM coenzyme A, 3.6 mM adenosine 5'-triphosphate, 
1.2 mM reduced nicotinamide adenine dinucleotide phos- 
phate and 120 nmoI, 120 nmol and 80 nmoI of labelled 
18:3n-3, 18:2n-6 and 20:3n-6 (30 ~L of ethanolic solution), 
i.e., about 57, 57 and 38 ~M, respectively. At time 0, 5 mg 
of microsomal protein was added to the incubation 
medium. Incubations were stopped after 15 rain by ad- 
ding 15 mL of chloroform]methanol (1:1, voFvol). Lipids 
were transmethylated in methanolic BF 3 according to 
Slover and Lanza (14). 

The substrate and desaturation product were separated 
by high-performance liquid chromatography as described 
by Narce et aL (15), using a Waters Chromatograph Model 
6000A and a Model 401 differential refractometer (Wa- 

TABLE 1 

Fatty Acid Composition of Dietary Lipids a 

Fatty acids Mole % 
14:0 0.2 
16:0 7.7 
16:1n-7 0.3 
18:0 2.9 
18:1n-9 57.3 
18:1n-7 2.3 
18:2n-6 20.1 
18:3n-3 4.0 
20:0 1.1 
20:1n-9 1.5 
22:0 1.8 
24:0 0.8 
Saturated 14.5 
Monounsaturated 61.4 
Polyunsaturated 24.1 
n-6/n-3 ratio 5.0 

aMixture of rapeseed and peanut otis. 

ters Associates, Milford, MA). The 250 • 4 mm i.d. col- 
umn packed with LiChrospher 100 RP-18 (4 ~ particles), 
protected by a LiChrosorb RP-18 precolumn, was pur- 
chased from Merck (Darmstadt, Germany}. The fatty acid 
methyl esters were collected at the detector outlet, and 
their radioactivity was measured directly in the solvent 
by liquid scintillation counting with a Packard Model A 
3000CD spectrometer (Packard Instruments, Rungis, 
France). The conditions permitted a good separation of 
the different polyunsaturated fat ty acid methyl esters, 
and the desaturation product was eluted before its 
substrat~ avoiding its contamination by the highly 
radioactive substrate. 

Specific activity was expressed as pmol of radioactive 
fatty acid converted to desaturation product per rain and 
per mg microsomal protein. For each animal, the desatura- 
tion capacity of whole liver was calculated by taking into 
account the total amount of microsomal protein in liver. 
It was expressed as nmol of substrate converted per min 
and per whole liver. 

Preparation oferythrocytes. Erythrocytes were isolated 
from blood according to Rao et al (16). Blood was collected 
from the abdominal aorta using heparin mixed with buf- 
fered saline solution (NaC1, 141 raM; KC1, 10 mM; 
MgC12, 1 mM; CaC12, 1.3 mM; NaH2PO4, 5 mM) in the 
proportion 1:5 (vol]vol). The suspension was gently shaken 
and centrifuged at 2500-3000 • g for 7 min. The pellet 
was resuspended in the saline solution and recentrifug- 
ed. The operation was repeated three times. 

Fatty acid analysis. Lipids from an aliquot of liver 
microsomes and from the remaining pellet containing 
erythrocytes were extracted with dimethoxymeth- 
ane]methanol (4:1, vol/vol) according to Delsal (17). Micro- 
somal phospholipids were obtained by silicic acid column 
chromatography according to Hirsch and Ahrens (18). Fat- 
ty  acids were transmethylated (14), and the fat ty acid 
methyl esters were analyzed by gas-liquid chromatog- 
raphy using a Packard Model 417 chromatograph equip- 
ped with a laboratory made 30 m • 0.3 mm i.d. glass 
capillary column coated with Carbowax 20M. Analyses 

LIPIDS, Vol. 28, no. 4 (1993) 



293 

AGE-RELATED CHANGES IN DESATURATION ACTIVITY 

were carried out at  180~ at a nitrogen flow rate of 1 
mL/min. The esters were detected with a flame-ionization 
detector. Peak areas were measured using a Delsi Model 
Enica 21 comput ing integrator (Delsi Instruments ,  
Suresnes, France). Results are expressed as mole % of total 
fa t ty  acids of the lipid fraction. 

Statistical analysis. The results are expressed as means 
+_SD of six rats  (1.5 mon) or of three rats in two different 
groups (3 to 24 mon). The graphs were traced using the 
means of the six rats for each age. After analysis of vari- 
ance using the Fischer multiple range test, means were 
compared in the seven groups of age according to the least 
significant difference and classified in decreasing order. 
Means assigned different superscript letters were signifi- 
cantly different (P < 0.05). The fa t ty  acid compositions 
of erythrocyte lipids and liver microsomal phospholipids 
were compared at 1.5 and 24 mon by means of Student 's  
t-test. 

RESULTS 

Body weights, liver weights and liver microsomal protein 
concentrations at the seven time points studied are 
reported in Table 2. Body weight increased from 1.5 to 9 
mon without any great difference between the two groups 
of three rats at 3, 6 and 9 mon of age. However, for the 
subsequent time points (12, 18 and 24 mon), body weight 
varied greatly between the two groups at each age~ Liver 
weights also increased with age from 1.5 to 9 mon but  
more slowly than did body weights. As a consequence, the 
ratio of liver weight to body weight decreased from 1.5 
to 6 mon. In the older rats, liver weight increased propor- 
tionally to body weight so that  the liver weight/body 
weight ratio remained constant.  The microsomal protein 
concentration was relatively constant, even in the two dif- 
ferent groups (of the same age) of old rats so that  the 
rnicrosomal protein content of whole liver followed roughly 
the increase in liver weight. 

The age-related specific activity of liver microsomes and 
capacity of whole liver to convert a-linolenic acid (18:3n-3) 

to stearidonic acid (18:4n-3) by A6 desaturation are 
reported in Figure i. Both specific activity and liver 
capacity increased from 1.5 to 3 mon, but the latter in- 
creased more (2.8-fold) than did the former (1.3-fold). After 
3 mon, the two parameters decreased with age but the 
specific activity decreased more rapidly than did liver 
capacity. At 24 mon, the specific activity of A6 desatura- 
tion of 18:3n-3 was 60% of that observed at 1.5 mon, while 
the liver capacity had returned to the initial level. 
The parameters for the A6 desaturation of linoleic acid 

(18:2n-6) to 7-1inolenic acid (18:3n-6) are reported in Figure 
2. The specific activity of microsomes showed some varia- 
tions with age, with relatively large differences occurring 
between groups at each age. However, the desaturation 
rate remained essentially constant  between 1.5 and 24 
mon. Paralleling the increase in total microsomal protein 
content, the liver capacity to desaturate linoleic acid in- 
creased from 1.5 to 6 mon, reaching a plateau between 6 
and 24 mon. At  24 mon, the capacity was twice tha t  
measured at 1.5 mon. 

The age-related specific activity of liver microsomes and 
the capaci ty of whole liver to convert dihomo-7-1inolenic 
acid (20:3n-6) to arachidonic acid (20:4n-6) by A5 desatura- 
tion are reported in Figure 3. The specific activity de- 
creased markedly (6.5-fold) between 1.5 and 3 mon and 
then increased very slightly up to 24 mon to reach a value 
2.5-fold lower than that  at the earliest age studied. The 
capacity of the liver to desaturate also decreased between 
1.5 and 3 mon but  more slowly (2.4-fold) than did specific 
activity. From then on it increased, and, at 24 mon, the 
capacity of the liver to desaturate 20:3n-6 to 20:4n-6 was 
not  significantly different from tha t  found at 1.5 mon. 

Figure 4 illustrates the age-related percentages of 
linoleic acid, of arachidonic acid, its product of A6 and A5 
desaturations, and of docosahexaenoic acid in liver 
microsomal phospholipids. The percentage of 18:2n-6 did 
not  change between 1.5 and 24 mon. The percentage of 
20:4n-6 increased slightly, with some variations, reaching 
a higher value at 24 mon (32.2%) than at 1.5 mon (26.2%). 
Consequently, the 20:4/18:2 ratio increased from 3.4 (1.5 

TABLE 2 

Age-Related Changes in Body Weight, Liver Weight and Liver Microsomal Protein a 

Age Microsomal 
(mon) n Body weight (g) Liver weight (g) protein (mg/g liver) 

1.5 6 150 • 7 t 6.8 ___ 0.6 e 16.1 _ 1.7 c 

3 3 340 • 35 11.8 -!-_ 0.8 18.6 __. 4.5 
3 313 ___ 9 327 _ 27 e 11.2 • 0.5 11.4 • 0.7 d 19.1 • 5.4 19.1 • 3.4 b 

6 3 393 • 28 11.7 _ 0.7 19.3 • 0.6 
3 430 + 5 411 + 27 d 13.7 +_ 0.4 12.7 • 1.2 c'd 13.4 + 0.1 15.4 • 2.2 c 

9 3 448 • 5 13.1 • 0.4 15.1 • 1.5 
3 510 • 36 479 + 40 c,d 15.3 • 1.2 14.2 • 1.5 b,c 19.1 • 2.3 17.1 +_ 2.8 c 

12 3 600 • 54 18.2 • 1.3 17.5 • 1.3 
3 410 • 23 505 • 110 b,c 12.4 • 1.3 15.3 • 3.6 b 18.9 • 2.7 18.2 • 2.0 b,c 

18 3 563 • 7 14.6 • 1.0 17.4 • 2.4 
3 491 • 37 527 • 57 b,c 13.2 • 2.1 13.9 • 1.7 b'c 17.9 • 1.9 17.9 +_ 2.0 b'c 

24 3 608 • 57 15.6 • 1.3 17.3 • 3.2 
3 474 _+ 21 540 • 82 b 12.6 • 0.2 14.1 ___ 1.9 b'c 14.5 • 0.9 15.8 • 2.7 b,c 

aResults are means • SD for n = three or six animals in each group. After analysis of variance (Fisher 
multiple range test), means of the six rats per age were compared in each column according to the least 
significant difference and classified in decreasing order. Means assigned different superscript letters (b-f) 
were significantly different (P < 0.05). 
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FIG. 1. Age~rslated changes in A6 desaturation of a-linolenie acid 
(18:3n-3) in liver microsomes expressed both as specific activity of 
liver microsomes (A) and activity of whole liver or capacity OB). 
Results are means _+SD obtained from one group of six rats (1.5 mon) 
or two groups of three rats at all other ages. After analysis of variance 
using the Fisher multiple range test, means of the six rats for each 
age were compared according to the least significant difference and 
classified in decreasing order. Means assigned different superscript 
letters were significantly different (P < 0.05). Prot, protein. 
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FIG. 2. Age-related changes in A6 desaturation of linoisic acid (18:2u4}) 
in liver microsomes expressed both as specific activity of liver 
microsomes (A) and activity of whole liver or capacity (B). Results 
are means +SD obtained from one group of six rats (1.5 mon} or two 
groups of three rats at all other ages. After analysis of variance us- 
ing the Fisher multiple range test, means of the six rats for each 
age were compared according to the least significant difference and 
classified in decreasing order. Means assigned different superscript 
letters were significantly different (P < 0.05). Prot, protein. 

mon) to 3.8 (24 mon). The percentage of 18:3n-3 remained 
very low (c~ 0.3%) (unreported results) and constant,  while 
tha t  of 22:6n-3 decreased between 1.5 and 3 mon and then 
increased slightly to reach, at  24 mon, wha t  had been the 
1.5-mon value. 

The f a t ty  acid composi t ion of ery throcyte  lipids (most- 
ly phospholipids) in 1.5- and 24-month-old rats  is reported 
in Table 3, together  with the composi t ion of liver micro- 
somal  phospholipids a t  the  same ages. The proport ion of 
18:2n-6 in erythrocytes  was the same at  the two ages 
studied, whereas the proport ion of 20:4n-6 was higher in 
older rats.  The percentage of 22:6n-3 in erythrocyte  lipids 
was sl ightly lower in 24-month-old rats,  bu t  the level of 
total  n-3 f a t ty  acids was not  significantly different at  the 
two ages studied. The mos t  s t r ik ing difference in the fat- 
t y  acid profiles of e ry throcyte  lipids and microsomal  
phospholipids is the higher percentage of 22:6n-3 and a 
lower percentage of palmit ic  acid (16:0) in the  latter. Dif- 
ferences in the n-6 f a t ty  acids were not  pronounced. 

D I S C U S S I O N  

The aims of this s tudy  were to invest igate age-related 
changes in various desaturase  activit ies of ra t  liver 
microsomes and to determine if these changes in tu rn  in- 
duced alterations in the phospholipid f a t ty  acid composi- 
t ion of erythrocytes  and liver microsomes. The la t ter  sup- 
por t  the different desaturases  and their  associated pro- 
teins, and the  former  are rich in arachidonic acid. 

Our da ta  on the effects of age on A6 desatura t ion rates 
with 18:2n-6 and 18:3n-3 as substrates  conflict with those 
reported by Hrelia  e t  al. (6). These authors  observed a 
decrease of 55% in the specific act iv i ty  of A6 desaturase  
for 18:2n-6 between 1 mon and 22 or 25 mon. However, 
the A6 desaturat ion rate of 18:3n-3, much higher than  tha t  
of 18:2n-6 a t  all ages, decreased from the end of 12 mon 
until  25 mon. We observed a pronounced decrease in the 
A6 desaturat ion of 18:3n-3 between 9 and 24 mon, whereas 
the A6 desaturation of 18:2n-6 was modified little through- 
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FIG. 3. Age-related changes in A5 desaturatiou of dihomo-y-linolenic 
acid (20:3n~6) in liver micrceomes expressed both as specific activi- 
t y  of liver microsomes (A) and activity of whole liver or capacity 
(]3). Figures are means ___SD obtained from one group of s ix rats (1.5 
mon) or two groups of three rats at all other ages. After  analysis 
of variance using the Fisher multiple range test, means of the six 
rats for each age were compared to the least significant difference 
and classified in decreasing order. Means assigned different 
superscript letters were significantly different (P< 0.05). Prot, 
protein. 

out the fife span. Moreover, the 18:2n-6 and 18:3n-3 A6 
desaturat ion specific activities we observed at  1.5 mon 
(c~ 100 pmol/min/mg microsomal protein) were similar. 
Several differences between the experimental  conditions 
used may in par t  explain these discrepancies. Hrelia e t  
al. (6) used rats  fed a chow diet throughout  their fife span 
and the fiver microsomal preparations were frozen until  
use. Bourre e t  al. (10) also found a decrease with aging 
in A6 desaturation, bu t  mice were used and desaturat ion 
measurements were done on liver homogenates. In our ex- 
periments, rats received a semisynthetic diet, and incuba- 
t ions were done immediately using fresh microsomes. In 
addition, we used a higher substrate concentration (57 ~M 
instead of 40/~M used by Hrelia e t  al. (6)). 

The differences in desaturat ion activities we observed 
between the two series of three animals, between 3 and 
24 mon, were due in par t  to seasonal variations, as was 
previously shown for 6-month-old ra ts  (11). To compen- 
sate for the seasonal variations of desaturat ion (4), we 
used two groups of animals at two different periods of the 
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FIG. 4. Age-related changes in percentages of major polyunsaturated 
fatty acids in liver mic~somai  phospholipids. Results are means from 
six rats at each age After anAlysiS of variance using the Fisher multi- 
ple range test, the means w e r e  coml]~red according to the least signifi- 
cant difference and classified in decreasing order. Means assigned 
different superscript letters were significantly different (P < 0.05). 

year. However, in the course of the experiment, another 
factor of variation appeared between the two groups: the 
fiver weight in relation to the body weight. The desatura- 
tion rates varied in reverse order to the liver weight. So 
in 2-month-old rats, the amount  of 18:2n-6 trans- 
formed by A6 desaturation was found equal to 71 _ 11 and 
93 +_ 4 pmol]min/mg microsomal protein in liver weighing 
18.2 and 12.4 g, respectively. At  certain ages, the effects 
of season and fiver weight added and caused great  varia- 
tions between groups. At other  ages, they compensated 
and the deviations were low. Bu t  within each group the 
variations between animals were not  great. 

No s tudy  has yet  been reported on the age-related 
changes in A5 desaturase activity. Only da ta  relative to 
the 20:3n-6/20:4n-6 ratio in liver lipids as a function of age 
have been reported, suggesting depressed A5 desaturase 
activity (19) or, on the contrary, a possible increase of this 
act ivi ty (20). Our results demonstrate  tha t  the specific A5 
desaturase act ivi ty toward 20:3n-6 was 5.5 times higher 
than the A6 desaturase activity toward 18:2n-6 or 18:3n-3 
at 1.5 mon. 

The fa t ty  acid composition of fiver microsomal phos- 
phofipids and erythrocyte lipids reflected desaturation ac- 
tivities. The constant  levels of 18:2n-6 and 20:4n-6 in fiver 
microsomes after  3 mon are in agreement with the un- 
changed desaturation capacity of fiver relative to 18:2n-6 
and the increased capacity relative to 20:3n-6 in adult and 
aged animals. Despite some variations in desaturation ac- 
tivities, the 20:4n-6/18:2n-6 ratio varied little with age (3.4 
to 3.8) except at 12 mon (4.5). These ratios were consis- 
t en t  with the observed changes in bo th  A6 and A5 de- 
saturat ion capacities. The changes in desaturat ion rates 
associated with the development of animals occur prin- 
cipally in the early stages of fife 

The capacity of liver to convert  18:3n-3 to 18:4n-3 by 
A6 desaturat ion decreased with age, whereas the level of 
22:6n-3 in microsomal phosphofipids increased between 
3 and 24 mon. An explanation for this may be tha t  the 
decrease in A6 desaturase could be compensated for by 
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TABLE 3 

Fatty  Acid Composition (mole %) of Erythrocyte Lipids and Liver Microsomal 
Phospholipids at 1.5 and 24 Months of A ge  a 

Fatty Erythrocytes Microsomes 

acids 1.5 mon 24 mon 1.5 man 24 mon 

14:0 1.0 __ 0.2 1.0 • 0.2 0.6 + 0.1 0.4 • 0.1 
16:0 27.2 + 0.8 25.0 • 0.2 b 18.6 + 1.0 16.2 • 0.9 c 
16:1n-7 2.0 -- 0.9 2.1 _ 0.6 2.5 + 0.6 2.0 • 0.3 
18:0 12.1 • 0.5 15.6 • 0.1 d 13.6 + 0.9 13.2 • 2.5 
18:1n-9 13.9 -!-_ 0.7 12.1 • 1.0 c 9.7 + 1.0 9.3 _ 1.2 
16:2n-6 6.2 • 0.1 5.9 • 0.4 7.8 + 0.9 8.6 -- 0.8 
18:3n-6 0.6 -- 0.1 0.7 • 0.3 0.3 • 0.1 0.4 • 0.1 
18:3n-3 - -  -- 0.2 + 0.1 0.2 • 0.1 
20:0 0.6 + 0.1 0.5 +--- 0.2 --  --  
20:2n-6 0.6 • 0.1 -- 1.1 + 0.3 0.3 + 0.1 d 
20:3n-6 0.5 ----- 0.1 0.8 • 0.1 b 1.3 + 0.2 1.2 • 0.2 
20".4n-6 24.9 • 1.2 26.9 • 0.7 c 26.2 • 1.9 32.3 • 1.3 d 
20:5n-3 0.4 ----- 0.1 0.7 • 0.4 1.2 • 0.2 1.3 ----- 0.4 
22:0 0.7 • 0.1 0.4 • 0.2 c -- -- 
22:4n-6 1.8 • 0.2 1.5 • 0.1 b 0.3 ,,, 0.1 0.2 • 0.1 
22:5n-6 -- -- 1.1 • 0.3 0.4 • 0.2 d 
22:5n-3 1.7 + 0.1 2.2 + 0.2 c 0.9 • 0.2 0.4 ----- 0.2 c 
22:6n-3 4.6 ... 0.4 3.3 • 0.9 c 12.9 • 1.2 12.5 • 1.1 
24:0 0.5 • 0.1 0.4 _ 0.2 c 0.4 ,,, 0.4 -- 

total n-6 34.5 • 1.1 35.8 • 0.8 e 38.0 • 1.0 43.4 +--- 2.0 d 
total n-3 6.7 ,,, 0.4 6.3 • 1.5 15.2 + 1.5 14.4 -- 1.5 
n-6/n-3 5.2 • 0.1 5.8 • 1.0 2.5 + 0.4 3.0 • 0.4 c 

aIn erythrocytes and microsomes means _ SD for n = six rats 
1.5 and 24 mon using the Student's t-test. 

bp < 0.05. 
cp < 0.01. 
dp < 0.001. 

were compared between 

an increase  in the  A5 de sa tu r a t i on  rate, as obse rved  in the  
n-6 series, and/or by  an  increase  in A4 d e s a t u r a t i o n  and  
e longa t i on  rates,  as r epo r t ed  r ecen t ly  by  M i m o u n i  et  aL 
(21). On the  o the r  hand, an  age~dependent  decrease  in the  
peroxisomal  22:6n-3 retroconversion,  a decreased turnover  
ra te  and  an increased  i nco rpo ra t i on  in to  phospho l ip ids  
m a y  also exp la in  t h a t  t he  22:6n-3 levels  in l iver  micro- 
somes  and  in e r y t h r o c y t e s  are ma in ta ined ,  desp i te  a 
decrease  in t he  56 n-3 d e s a t u r a t i o n  rate,  

A l t h o u g h  A6 and  A5 d e s a t u r a t i o n  ac t iv i t i e s  are low in 
h u m a n  liver (22-24), several s tudies  indicated t h a t  few dif- 
ferences  ex i s t  be tween  e lder ly  and  y o u n g  sub j ec t s  w i t h  
respect  to  the  n-6 and  n-3 f a t t y  acid compos i t ion  of s e rum 
(25,26), e r y t h r o c y t e  (27) and  p l a t e l e t  (28) phosphol ip ids .  
I t  can  t h u s  be  a s s u m e d  t h a t  in humans ,  as in rats ,  t he  
desa tu ra t ion  ac t iv i t ies  are r egu la ted  to  ma in t a in  cons t an t  
t he  p o l y u n s a t u r a t e d  f a t t y  acid levels  in m e m b r a n e  phos-  
pholipids.  In  par t icular ,  t he  de sa tu r a t i on  ra te  could  be  in- 
c reased  to c o m p e n s a t e  for an  inc reas~  w i t h  aging,  in 
pe rox ida t ion  reac t ions  in membranes .  However,  th i s  com- 
pensa t ion  migh t  d i sappear  in different  pathophysiological  
s i t u a t i o n s  such  as hype rcho le s t e ro l emia  or  d i abe te s  or  
mod i f i ca t i ons  of n u t r i t i o n a l  condi t ions ,  l e ad ing  to  a 
decrease  in p o l y u n s a t u r a t e d  f a t t y  acid  c o n t e n t  in t i s sue  
l ipids and  i m p a i r m e n t  of  e icosanoid  produc t ion .  
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