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The combined effects of age and of diet deficient in n-3
fatty acids on A6 desaturation of linoleic acid and on lipid
fatty acid composition were studied in the liver of the rat
at 2, 6, 12, 18 and 24 mon of age. The profiles of A6 de-
saturase activity and fatty acid composition were studied
in the deficient rats refed, at these different ages, either
with 18:3n-3 (mixture of peanut and rapeseed oils) or with
20:5n-3 + 22:6n-3 (fish oil) diets for 2, 4, 8 or 12 wk. Results
showed that the liver A6 desaturation activity in the con-
trol rats remained high at 2 and 6 mon, decreased by 30%
from 6 to 12 mon, and then remained stable from 12 to
24 mon. In the deficient rats, this activity remained high
during the entire period studied. Thus, the profile of liver
A6 desaturase activity after puberty was not related to age
only; it also depended on the polyunsaturated fatty acid
{PUFA) n-6 and n-3 balance in the diet. In the controls, in
parallel with the A6 desaturase activity, PUFA metabolism
could be divided into three periods: a ‘‘young” period, and
“old age” period, separated by a period of transition be-
tween 6 and 12 mon. Recovery from PUFA n-3 deficiency
occurred at all ages but in a different manner depending
on whether the rats were ‘‘young’’ or ‘‘old.’ Recovery was
faster if long-chain n-3 PUFA rather than o-linolenic acid
were supplied in the diet.

Lipids 28, 517-523 (1993).

Some long-chain polyunsaturated fatty acids (PUFA) of
tissue and serum lipids are supplied directly by the diet, but
most are derived by desaturation and elongation of their
precursors, linoleic and a-linolenic acids. The first step in
this process is catalyzed by a microsomal enzyme, A6 de-
saturase. The two precursor fatty acids compete for this en-
zyme (1,2); 18:3n-3 is desaturated at a higher rate than
18:2n-6. In the presence of the two dietary fatty acids and
at equal concentrations, 18:3n-3 effectively inhibits the
desaturation of 18:2n-6 (3). A6 Desaturase activity is also
inhibited by the products of the desaturation-longation pro-
cess due to feedback inhibition by 20- and 22-carbon fatty
acids (4,5). Studies on rats after puberty have shown that
age affects A6 desaturase activity (6-8). Some investigators
showed that this activity decreased progressively with age
(6.7), others that it fluctuated (8). These variations in en-
zZyme activity were reported to be either accompanied by
changes in tissue lipid composition (6,7), or not (8). Other
authors have studied the fatty acid profile in the liver of
rats ranging in age from 1.5 to 40 mon; only the proportion
of 20:4n-6 was shown to decrease with age (9. When animals
given an o-linolenic acid-deficient.diet were refed a bal-
anced PUFA diet, the composition &f tissue phospholipids
returned to normal within variable times depending on the
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Abbreviations: DHA. docosahexaenoic acid: EPA. eicosapentaenoic
acid; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated
fatty acids; SFA, saturated fatty acids; TFA, total fatty acids.
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organ studied. However, these studies were carried out on-
ly on young animals, and the n-3 PUFA used in refeeding
was derived from vegetable oil (10,11).

The aim of the present work was to study (i) the com-
bined effects of age and dietary n-3 PUFA deficiency on
changes in the activity of A6 desaturase on 18:2n-6 and
changes in the fatty acid composition of liver total lipids
in male rats between 2 and 24 mon of age, and (ii) the com-
bined effects of age and of refeeding with o-linolenic acid
or its long-chain derivatives on the two parameters.

MATERIALS AND METHODS

Animals and diets. Two generations of female Wistar rats
were given a diet containing lipids in the form of African
peanut oil (5%, w/iw) low in e-linolenic acid; this diet (defi-
cient) supplied about 900 mg of linoleic acid but only 5
mg of o-linolenic acid/100 g of diet. Two weeks before
mating, the deficient second-generation females were
divided into two groups. The first group continued to
receive the deficient diet while the second group was given
a diet in which the peanut oil was replaced by a mixture
of peanut and rapeseed oils (50:50). This diet (control} sup-
plied the same amount of linoleic acid as the deficient diet
but also about 200 mg of a-linolenic acid/100 g of diet
(n-6/n-3 = 5). At weaning, the male progeny of these two
female groups were given the same diet as their respec-
tive dam, and animals were killed when 2, 6, 12, 18 or 24
mon old. At each of these ages some deficient animals were
refed with n-3 PUFA, one-half with the control diet
described above and the other half with a diet containing
a mixture of peanut oil and cod liver oil (92.5-7.2%, respec-
tively); thus, the first half was refed with n-3 PUFA with
a-linolenic acid and the other with a mixture of eicosapen-
taenoic and docosahexaenoic acids (EPA plus DHA). The
latter diet supplied about 900 mg of n-6 PUFA (like the
other diets) and 100 mg of long-chain n-3 PUFA/100 g of
diet. This amount of long-chain n-3 PUFA was chosen
because of a preliminary study had shown that it was
equivalent to 200 mg of a-linolenic acid, which is suffi-
cient to satisfy the n-3 PUFA requirement (11). Some
animals were killed at 2, 4, 8 or 12 wk (T2, T4, T8 and
T12) after refeeding with n-3 PUFA. The composition of
the diets and the fatty acid composition of the lipids are
given in Tables 1 and 2.

Measurements of A6 desaturase activity. Non-fasted
animals were killed between 8:00 and 9:00 a.m. to ensure
optimal conditions for A6 desaturase measurement (12)
and to avoid any variation in A6 desaturase activity due
to circadian rhythm (13). The liver was rapidly excised and
weighed. One part was used to measure enzyme activity
and the rest for fatty acid-amalysis. .

Specific A6 desaturase attivity wds assayed uUsihg the
method of Blond and Lemarchal (14) as modified by
Bourre et al. (15). The liver was homogenized at 4°C in
0.25 M saccharose buffer containing 0.05 M Na,HPO,, 2
mM glutathione, pH 7.4 (5 mL of buffer/2 g fresh tissue).
The homogenate was centrifuged at 12,000 X g for 15 min
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TABLE 1

Diet Compositjon (g/kg)

. TKL. DINH ET AL -~

Constituents gkg

Casein,. 220.0

DL Methionjne 1.6

Mineral mixture® " 40.0

Vitamin mixture? 10.0 o
Cellulose # 20.0 Y
0il¢ 50.0 -
Starch 439.0 o
Saccharose 219.4 o

“ing as substrates of desaturases. The supernatant was
<7 .diluted twice with the;same buffer before the protein con-
" tént was determined by the method of Lowry et al. (16).
' Fivé mgof protein and 100 nmol of [1-14C}18:2n-6 (2 uCi,
- 20 uL) were added. A'final volumé of 2 mL was obtained

> “ using the same buffer as before ontaining the folIowmg

SComposition (g/100 gl:CaHPO,+2H,0;38.0; K,HPO,, 24.0; CaCO;;; .

18.0; NaCl, 6.9; MgO, 2.0; MgS0,+7H,0, 9.0; FeSO,-7H,0, 0.86;
ZnSO,+H,0, 0.5; MnSO,+H,0, 0.5; CuS0,+5H,0, 0.1; NaF, 0.08:'

CrK(SO, ) H,0. 0.05; (NH,)gMo,0,,°4H,0, 0.002; KI, 0.0045

COCOa. 0. 002 N828903'5H2O 0. 002 .
otal vitamin supplement, United Stites Biochemical Corp. (Cleve-
land, OH).

"'Control diet consists of a mixtiite of peanut oil and rapeseed ol
{50:50), deficient diet consists of peanut oil, refeeding diets con-
sist of a mixture of pean o}t oil and rapeseed oil (50:50) or a mix-*
ture of peanutgoil and cod liver oil (92.5:7.5). - 2

to precipitate cell debris, mitochondria and nuclei. The-
supernatant-contained both microsomes and cytosol. The -
latter increased the activity of acyl-CoA synthetase ac<::
tivity, thus favoring the formation of acyl-CoA (14) serv- -

TABLE 2

cofactors: Na,HPO, (50 mM) ATP (7.5 mM), MgCl, (3.8

~-mM), NADPH (0.2 mM), NADH (0.5 mM) 4nd CoA (0.2
*.~mMy}. The tubes were incubated for 30 min with shaking.
" The teaction'was stopped by the addition of 1 mL of KOH
'in'12% ethanol. "Thirty ug each of several standard com-
'mereial fatty acids {18:2n-6, 18:3n-6, 20:3n-6, 20:4n-6,

20‘511-3 -22:6n-3) were added to facilitate identification of

'chromatographxc fractions. After saponification at 100°C

for-30 min, 0.4:mLof 10 N HCl was added, the fatty acids
were extracted using hexarie, followed by methylation with
1'mLi of 14% boron triflioride for 1 h at 100°C.'The fatty
- acid methyl estérs ‘were extracted with hexane, purified

,by thin-layer chromatography using a mixture of petro-

‘leum ether/dlethyl ether (80:20, volfvol), and then were

' localizéd by autoradiography. The methyl éster band was
- scra

ped:from the plate and extracted successively with
© hexane (2-times 3 mL) and diethyl ether (2 times 3 mL).
The methy] esters were finally separated according to their
-degreée of unsaturation by AgNO; thin-layer chroniat.og-
~raphy.'Plates ‘were impregnated with 10% AgNO; in

racetonitrile for: 15 min, then dried at 100°C for 20 mm

Fatty Aci‘dt\Compésitibn of Dietary Lipids® =

Dlets ‘

Peanut ml (50%) -

Peanut. oil 092 5%)

Peanut oil Rapeseed oil (50%) Cod liver oil (7.5%) T .
; Fatty aclds (%) L N R ) : )
14:0 © 0.4 ‘“05‘ . .09 ..
. 1eo\~ a 11.9 1011 Pt 10.9
‘ .18:0 2.9 v gy . - 3.3
20:0 1.2 0.8 : RS -1
22:0 1.9 1.1 2.3
1240 0.9 0.6 1.0
“Total SFA 19.2 15.4 19.7
16:1n-7 0.6 0.7 1.6
18:1n-7 3.1 6.0 29,
‘ 18:1n-9 56.1 - 533 .. -1~ 523x F
"20:1n-9 0.9 " 08 ¥ E T I
o - 22:1n11 - - 0.8
' Total MUFA ° 60.7 60.8 v+ 593
- 18:2046 ' 19.9 19.8 e 2l 185
- 20:4n6 e — ‘ 0.2
t Total n-6 PUFA 199 19.8 187
1833 1 ¢ o1 3.7 o 0.3 ‘
: pL oo 20:50:3 I - - 08
: o . 22:5n-3 : L= - 03 -
: . 22603 4 = - 0.9
ST N - Total n-3 PUFA E] - 40:1 3.7 23
{n6) + (n-3). . 20.0 23.5 21.0
.- -6/n-3 ’ . 199.0»1} ‘}g PROETY 1 R 8.1
Tota] n-6 PUFA 935.0" 931.0 - 879. o
(mg/100/g of diet)
Total n-3 PUFA 5.0 1739’ " 108.0

(mg/100/g of diet)

2 Abbreviations: SFA, saturated fatty acid; MUFA, monounsaturated £atty acld PUFA

polyunsaturated fatty acid.-
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AGE, n-3 DEFICIENCY AND A6 DESATURATION

The mobile phase was a mixture of petroleum etheridiethyl
ether (50:50, volivol). The. fract.lons were localized by
autoradxography. and the radioactive, distribution. was
determined using a plate. reader (Automatlc TLC Linear
%d La Garenng Colombes, France). Re-
sults were expressed in pmol of .18 3n-6 formed!mg pro-
tem/mm ipcubation. - - ~
Fatty acid composition of lwer total hptds leer hplds

" were extracted from frozen dried hver with a, chloro-

form/methanol mixture (2:1, ypl/vol) using the. method of
Folch et al. (17) as modified by Pollet ¢z al (18). The lipid
extracts wepe then transmethylat:ed (19). After extraction
with hexane, the methyl esters. were analyzed by gas

, chromatography, using a Carlo ‘Erba (Ruejl Malmaison, -
‘France) chromatograph with an automatic on-column in-

jector, a flame-ionization detector and capillary-type Car-

" howax C.P. Wax 52 C.B. column. Data were processed us- -
Jing a Stang microcomputer (Pavillon.sous qus, France)
.and Nelson software (Cupertmo, CA). e .
. ‘Analysis of results. This study required a large number

of animals: 144 male rats ware killed at various ages.

" Nevertheless,. on.ly a small. number -of: anunats could be

studied at each time point (3 or;2- rats). Liver tetal lipid

fatty acid composition was analyzed for only twe rats per..’ -
" time period; thus common statistical procedures. could not -
" be‘applied. High mortality in the groups of rats 24 mon -

of age or older did not permit measurements at 12wkof - -

refeeding.

RESULTS

Effect of age and dietary a-linolenic acid deficiency. In con-
trol rats, the specific A6 desaturase activity (Fig. 1) re-
mained constant at 2 and 6 mon; it-decreased by about
30% between 6 and 12 mon and then did nat change be-
tween 12 and 24 mon. Enzyme activity in a-linolenic acid-
deficient animals was comparable to that in controls at
2 and 6 mon, but instead of decreasing thereafter it re-
mained high during the entire period studied; thus, from
12 to 24 mon, enzyme activity was 50% higher than in
controls.

35 T T

specific activity

(pmotl/min/mg of protein)

30

6 12 18 24
Age (months)

e

FIG. 1. Effect of age and o-linolenic acid deficiency on A6 desdturase
activity in the rat. Effect of refeeding n-3 polyunsaturated fatty acids
(PUFA) according to age and nature of n-3 PUFA (a-linolenic acid
or long-chain n-3 PUFA). Assays of A6 desaturase were carried out
as described in Materials and Methods; O, control rats; @, deficient
rats; V, 18:3n-3 refed rats; ¥, 20:5n-3 + 22:6n-3 refed rats. Values are
the mean of three or two rats/diet.

16:0 % TFA

-15.t .\'A,l,‘._:‘-““]“l_': a, I‘ l“,yl-;. s
25" (o

18:0 % TFA

Iy

18:1n-9 7% TFA

L.

10 PPN SN S U Ui S
0 6 12 18 24 30

"Age (months)

FIG. 2. Effect of age and a-linolenic acid deficiency on levels of the
main saturated fatty acids and mondéunsaturated fatty acids of liver
total lipids in the rat. Only values for the major fatty acids are
reported. Experimental details are given in Materials and Methods.
Data were derived from the percent of total fatty acids (TFA); O,
control rats; ®, deficient rats. Values are the mean of two ratsidiet.

Fatty acid composition was.also affected by the diet.
Palmitic (16:0) and stearic {18:0) acids were the major
saturated fatty acids (SFA). In controls, the proportion
of palmitic acid was unchanged (21 to 23%) between 2 and
24 mon (Fig. 2a), but stearic acid levels decreased by half
between 2 and 12 mon and then remained constant up to
24 mon{Fig. 2b). The 18:0 profile affected the proportion
of total SFA which decreased from 44 to 36% between 2
and 12 mon and then remained-stable until 24 mon (Table
3). Generally, an n-3 PUFA déficient diet had very little
influence on the proportions: of liver lipid SFA and mo-
nounsaturated fatty acids (MUFA). However, in the defi-
cient rats, 18:0 decreased with-age, as in the controls, and
16:0 increased regularly’ sb-tlastii as the decreadt 8t'one
compensated the inérease of the other, the level of total
SFA remained almost constant from 2 to 24 mon (between
36 and 40% of total fatty acids). The MUFA time course
was similar in control and deficient animals: their propor-
tions doubled between 2 and 12 mon (from 20 to 40%) at

- LIPIDS, Vol. 28, no.'s {1993)
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TABLE 3 R RS CL e e
- Effect.of Age and of n-3 PUFA Dellclency on Fatty Acid Composmon pf Liver. Tota.l Llplqlsa ’ ) )
I ",7: X N -l T v ! ot e Ty B i D’et : ‘ : B L
T A T e C(E?’ ' ‘,Dm ERC) D e . c<12) B{i2. (8 DUs - C@h - D4
! Fatty ac]ds (%) ~ »’ ’ __", DI R N ,’4:"-‘. T R N . ) i ’ . ’,1‘
Total SFA U ‘4377 308 - 381 38.2 “ 36,00 " 35.9° 71w 186.2 367 34.3,: - 40.1
- Total MUFA - Y205 - 207 7284 288 . 414 o) 391 1 364 39.3 . 38.7 36.1
6 >20C 1188 - 1-29.0 7.2 - 235 .- 1l4,. . 158 ¢ 110 142 111 144
- Total -6 PUFA . 209 . 386 . 2683 288 . 226 241 . 228 233 22.5 22.7
~ n33220C. B8, L1 68 . ) U5 S X 08 4.2 0.7 4.0 0.8
" Total 0-3 PUFA. .62 11 11t 11 4l 08 4T 0.7 © 45 0.8
. n6+m3220C _~"248° 301 - 240 0 246 V153 0168 -0 w152 T 149 15.1 15.2
|- Total (n6) ¥ (n-§) 361 397 33.4 33.0 2677 1248 e 274 24.0 270 - 235
SUpk@M3 T v o ta8 e gs1lt 87 77 200 5 086 0 821 0 ¢ .49 0 - 330 5.1. 28.4
1 22150-6/22:60-3. - "~0.04,‘ 370 0.04 ~°; 340 - - -.0.05 .. 2.407 .~ 0.03. .1.60 , 0.08. 1.30

20:4n-6/18:2n-6 ;- 181 . .2.82 .. 2.03. 272 . 108 _ - 119 100 . 158 1.00 1.79

1"I‘he’-\.ralues are the ’xhean of two of three rat.sldlét C, control rats; l., dehclent. :at.s SFA sam!ated fat.t.y acids; MUFA, monounsaturated

> fatty sicids: PUFA, polyunsatu.nat.ed fatty.acids. -
Number in,parentheses. is- age in _!nonths i N

é the sarmne tlme as olelc aeld mcreased fmm 14 to 28% (Flg .
- 2¢k- between 12 ‘and 24-mon there was no change. .

As expected, the' n:6 PUFA profiles were different in con--
- troF and deficierit:animals: in' the former the proportiom

“of total n-6 PUFA décreased from 30 to 23% between 2 .-

7" and 12 mon:and then stabilized: This overall relatively
moderate decrease was dile entlrelv to arachidonic acid
{20:41-6) which 'decreased from 18 to 11% between 2 and
~12'mon (Fig. 3b), while the proportion of linoleic acid was
constant (about 10%) (Fig: 3a). In deficient animals, the

" proportion of 18:2i%6 (which did not vary with age) was - -

systematically lower than'ifl centrols. On the other hand. -
- 20:4n26 and especially 22:5n-6 levels were higher (Fig. 3c):.

-- However; the level of-22:5n-6, higher from 2 to 6 mon, : =

diminished considerably between 6 and-12 mon. After 12
mon, the higher values 6f 20:4n-6 and 22:5n-6 just: con:--
' pensated for the lower value of 18:2n-6, so that total n-6
PUFA becarne similar i control and deficient rats after-

12 mon {about 23%). The level of 20:3n-6 did not vary with

either:age-or diet: DHA(22:6n-3) was-the main n-3 PUFA
in controls. It represented 5-6% of n-8 PUFA up to'6 mon,
dropped between 6 and 12 mon to about '3.4% and then -

- rerhained at‘that level until ‘24 mon (Fig. 3d). The total>:-
n-3 PUFA profile was comparable. In deficient rats, n-3
-7 PUFA"were répresetited only by 22:6n-3, and it proportion -
remained at about 1% dunng the whole period' studied. . -

Total n-6 + n-3 PUFA in dontrols remained at the same -
* level frorr 2 to 6-mon, decreased by about 20% between .
6 and 12 men and then stabilized; in deficient animals,.
- the same pattern-was seen but the plateau reached at 12
~ fnoh was lower due to. a-lower proportion of n-3 PUFA
* {‘whieh wag nie’ longercompensated for by a high n-6 PUFA
- level (Fig. 3e).'If only long-chain PUFA (>20-C) are con-
-sidered instead of total PUFA; thexe was overcompensa-
- tion for thén-3 PUFA deﬁc1ency b% n-6 PUFA at 2 mon
"but not at other time points. In controls, the n-6/n-3 ratio
remained about 5 throughout the period studied; it was
6 to T times higher ‘in deficient rats (Fig. 3)5 Fe:
- 22:51-6/22:6n-3 ratio, which may be considered an index
of dietary n-8 PUFA deficiency (20), did not change in con-
trols. It ‘was high in deficient rats but decreased pro-
‘gressively with age. In’ controls the 20:4n-6/18:2n-6 ratio.’
an index of total A6 and A5 desaturase activities (21), re-

LIPIDS; Vol. 28, no. 6 (1993)

. . 8 a7 T T T
: 7 7
- P-4
6 =
= =
‘Q. e 5 4
o i ]
L 5 ;
o N 7
[ ™~
6 L 4 Q0
30- <. 45 ar ¥ T T T
3b T T < Te
P ' 4 TE 40 b
£ i
<
40Ty s 8
be -
w L)
¢I: 4 oL 30 B
2 T4
[o] b .
~ R T ?5
€ -
5 e Y L 3 " 43
ST 3o " T i U
T R s 4
FAREE 1 9 7
=4 1- 4
33 4 e,
- \
$ 2 40 ® b
c M -
Lt 4 e ]
8 1 . -
) 3
0 S D 7
e Lo i’y i ' 0 L i 1 L
0 6 12 - 18..24¢ 7 30 7 3} 6° 12 1B. 24 30

* . Age (months) Age (months) .

" FIG. 3. Effect of age and a-linolenie acid deficiency on the levels
of the main polyunsaturated fatty acids (PUFA) of liver total lipids

in the rat: Effect of refeeding n-3 PUFA according to age and nature
of n-3.PUFA (a-linolenic acid or long-chain n-3 PUFA). Experimen-
tal deuuls are given in Materials and Methods. Data were derived
from the percent of total fatty acids (TFA); O, control rats; ®, defi-
cient rats; V, 18:3n-3 refed rats; ¥, 20:5n-3 + 22:6n-3 refed rats. Values
are the mean o{ two rats/diet.

‘mained hlgh and;table ﬁom 2 to 6 mon, dropped by one-

half between 6 and 12 mon and then remained stable un-
til 24 mon. The profile of the deficient rats was comparable
but the ratio was higher.
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Effect of PUFA n-3 refeeding in deficient rats. Generally,
the addition of n-3 PUFA to the diet, whether in the form

of 18:3n-3 or of 20:5n-3 + 22:6n-3, causéd the A6 desati-+

rase activity to drop by one-half to a level lower than that

“ hibition became evident, especially when the ‘rats re-

ceived long-chain n-3 PUFA. Maximal mh1b1t10n was ob-
tained only after 8 wk of refeeding. .

The addition of 18:3n-3 to the diet of deficient rats modi-
fied the fatty acid composition of liver total lipid with a de-
crease in n-6 PUFA level between 2 and 6 mon. At these

two ages, the values obtained at T8 for 2-month-old rats -

and at T4 for 6-month-old ones were very close to those of

" controls, This decrease was accompanied by a new balance

—-

between the 18:2n-6 on one hand and the 20:4n-6 and the
22:5n-6 fatty acids on the other. At the end of the first two
wk of refeeding (T2), the level of 18:2n-6 increased and that
of 22:5n-6 decreased; thus, there was a return to normal
values (Figs. 3a,3c). The level of 20:4n-6 decreased to a level. :
lower than that of controls (Fig. 3b). There were no dif-

ferences between the levels of total n-6 PUFA. in 12, 18-

and 24-month-old controls and.deficient ammals, and -

refeeding--linolenic acid did not cause an overall change.

However, refeeding did promote an increase in the level

of 18:2n-6, which reached a plateau.at the endof 4 wk but

did not return to normal values. Theslevels of 20:4n-6-..
returned to normal only at 24 mon; it was practically- -

stable at 18 mon and increased at 12 mon. The level of
22:5n-6 returnied to normal values, but only after 8 wk of
refeeding. The addition of 18:3n-3 to the diet of n-3 PUFA
deficient animals caused an increase in liver 22:6n-3 (Fig."
3d). With the exception of 24-month-old rats, all the age

groups returned to control values and even exceéeded them.

In 6-month-old rats, the values reaéhed after 4 wk of
refeeding showed that these rats were recovering, where-
as in 24-mionth-old animals the levél of 22:6n-3 remained
lower than that in controls of the same age, Due to varia-

tions in the levels of different PUFA, total (n-6 + n-3} -
PUFA decreased inrats refed 18:3n-3 at 2 and 6 mon (Fig-

3e) because n-6 PUFA .decreased more than,n-38 PUFA in-
creased. However, total PUFA were appreciably hxgher
when rats were refed at 12 mon; this overcompensation-
disappeared with age,: and at 2 yr total,s(n -6 + n-3) PUFA
was the same as in controls. Refeedirig 18:3n-3 returned
the n-6/n-3 ratio and the 22:5n:6/22:6n-3 ratio to dormal
values within 4 wk (5 and 0.05; respectively) (Fig. 3f).
Refeeding fish oil had almost. the same effect on liver
n-6 PUFA as refeeding 18:3n-3. After refeeding long-chain
n-3 PUFA, 18:3n-3 was not detected in liver lipids; 20:5n-3

and 22:5n:3 levels were lower than or equal: tpO 5% (results

not shown). Refeeding with 100 mg" of*20:5n-3 +
22:6n-3/100 g of diet resulted in dn-dncreasé in'22:6n:3 com-

~ parable to a supply. of 200 mg of 18:3n:3/100 g of djet in

2;, 6- and 12-month-old rats. But in rats:of 18 and 24 mon
of age, the fish oil diet raised:the level-of-22:6n-3 more

quickly than the rapeseed oil diet. After 2 wk of refeeding,

the level was much higher than that seen in control rats
of the same age. After this increase the values stabilized.

In 12- and 18-month-old rats, the values remained higher

than normal but in 24-month animals they returned to
control values as observed after 8 wk of refeeding.

DISCUSSION

Effect of age.” We found a decrease of 18:0'between 2-and
12 mon and an increase of 18:1n-9 during the same period,

‘ in controls of the same age (Fig. 1). The inhibition ap- - corroborating the results of Ulmann et al (8) who found

peared much sooner in 2-month-old animals, independent °
- of the nature of the PUFA n-3 in the diet. In oldergnimals
there was a latency period of about 2 'wk before the in-

“a'slight decrease in the sum of 16:0 + 18:0-together with
-an increase of 16:1n-7 + 18:1n-9 in the liver microsomal
- phospholipids of rats 3-, 6- and 9-months old. - In regard
“to the PUFA composition of liver total lipids, our study

showed that the postpuberty'period can bé divided into
three parts: (i) a period of stability between 2 and 6 ton;

" (ii) a transition period between 6 and 12'mon 'during which
- levels of 20:4n-6, 22:5n-6 and 22: 6n-3 decrease and (iii)
another period of stability from 12 to 24 mon. Thus, the

PUFA level was lower in old than in young rats, However,

“our results do not show wheéther the transition period ex-
tends over the whole 6 to 12 mon.interval or whether it

is shorter. Murawski'et al. {9) also observed a decrease in
the level of total liver lipid 20:4n-6-in ratsreceiving a stan-
dard diet and with ages ranging from 1.5 to 40 mon. But
these authors found no variation in the proportions of
-other PUFA. In contrast to these results,;: Bordoni et al
t6) found. that. total liver lipid 20:4n:6. levels were not dif-
ferent in*rats 4- and. 22-months-eld. -

- Our study-shows that in animals; recexvmg a, balmced
PUFA diet the variations in PUFA composition corres-
pond- to variationsin specific A6 .desaturase: activity
which, like ta_otallive_r lipids; was similar at 2-and 6 mon,

-decreased between 6- and. 12 mon and was. stable
‘thereafter. The 20:4n-6/18:2n-6 ratio also-fell during this

period.. However, the 20:3n-6 level did not change..Thus,

it seems that only 46 desaturase:should be invelved in the

decrease of the 20:4n-6/18:2n-6 ratio; otherwise, we likely

~ would. have observed. an increase in 20:3n-6 level if 45

desaturase was also involved:(22). Peluffo,and Brenner (23)

'showed that A6 desaturase activity tends to decrease with

age in rats receiving a standard diet; but their experiment
only, concerned rats aged 3. mon and } yx and,-therefore,
any intermediate fluctuations would have been missed.
Recently; Ulmann et:al::(8) studying rats aged.3, 6 and
9 mon receiving a control diet similar to the ones in our

_study also shewed that A6 desaturase activity decreased
from 6 to- 9-mon. However, other authors have not ob-
served the same trend of A6 desaturase agtivity with age;

Bordoni etal (6) using:liver micrpspomes of rats at. 13 d

.-and-1;: 4, 14 and 22 mon which had received.a standard
“diet noted that enzyme activity decrepased progres_snvely

from- 4 to 22 mon. In .a similar:study on rats aged 1, 6,

- 10 and 25 mon, Hrelia et al (7 also found g linear decrease
in A6 desaturase activity with age; in mice, Bourre et al
{15)noted that liver A6.desaturase activity did not change

between 3 wks and 4 mon but progressively decreased be-
tween 4 and 17 mon: The dxqcxepam;yxbptween the results
of-our study and: those of Ulmann etwl .{8) on.one hand,

-and:these of Bordoni et ¢l (6) and H.rghaetﬂL {7).on.the

other, could be.due to different ‘diet; compositions since

this; as we have shown, determines the profile of enzyme
. activity. during postpubertal development.’..

Effeet of dietary n-3 PURA ‘deficiency:. The previous

- studies on dietary n-3 PUFA deficiency have shown that

the deficiency:causes: an increase in 20:4n-6 and 22:4n-6
levels, and especially in 22:5n-6 levels, to compensate for
the decrease in 18:2n-6, 22:5n-3 and especially 22:6n-3
(24-28). Other studies.have shown that n-6 PUFA can
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"’ completely compensate for n-3 PUFA (22, '29-31) and that -
total PUFA (n-6 + n:3) remains constant. These studies .
‘on n-3 PUFA - deficiency were done on 15-day-old and’

. 60-day-old rats. Qur results:showed that this was not the

- case'in animals from:12 mon of age, and that.compensa- -

tion was not adequate so that the sum of PUFA was lower
in n-3 PUFA-deficient animals than in controls. However,

if only fatty acids with at least 20 carbon atoms are con-

sidered, n-3 PUFA were exactly compensated for by n’é
.. PUFA. In other words, in the old, deficient animals, in-
creases in 20:4n-6 and 22:5n-6 did not compensate for the
decrease in 18:2n-6 but only for the decrease in 22:5n-3,
and especially 22:6n-3. Moreover, in n-3 PUFA-deficient
rats, results are remarkably consistent in regard to the
lower level of 18:2n-6 and the higher level of 20:4n-6 and
22:5n-6 on one hand, and the higher level of A6 desaturase
activity on the other, as compared to controls. In the defi-
cient animals, specific enzyme activity did not change
with age as it did in controls. Thus, it is evident that
changes in A6 desaturase activity were not related solely
to age but were also a function of diet. It is kmown that
the desaturase activities, and especially the A6 desaturase
activity, also depend on non-lipid dietary factors. These
activities moreover depend on hormonal factors, the ef-
fects of which being obvious in some pathological condi-
tions, such as diabetes. At last, if the influence of de-
saturases on the lipid composition of tissue lipids, and in
particular that of microsomal phospholipids, is generally
assumed, it should be observed that this composition also
results from many other metabolic factors (for a review,
see Ref. 32).

Effect of n-3 PUFA refeeding. Our results showed that,
independent of the nature of dietary n-3 PUFA, the mo-
dalities of recovery in young animals (2- and 6-months-
old) were clearly different from those in old animals (12,
18- and 24-months-old). Refeeding tended to decrease the
level of total liver lipid PUFA in the young, while this level
was markedly increased in old animals so that it reached
the level in young controls. Moreover, a supply of long-
chain n-3 PUFA permitted a more rapid and more com-
plete recovery than a supply of 18:3n-3, the difference be-
ing more evident in older animals. In this study, EPA plus
DHA supplementation did not increase the level of 20:5n-3
to the detriment of 20:4n-6, as occurred when a larger
amount of these fatty acids was supplied in the diet
(33,34). It is likely that, because of the moderate supply
of EPA plus DHA (100 mg/100 g of diet), 20:5n-3 was com-
pletely transformed into 22:6n-3 to cover the requirements
for phospholipid 22:6n-3. The persistently low activity of
46 desaturase in refed rats compared to that in controls
of the same age could be due to the fact that 22:5n-6 pro-
gressively released from phospholipids decreased A6 de-
saturase activity by feedback inhibition, This fatty acid
may then be eliminated either by mitochondrial and/or
peroxisomal oxidation, or by retroconversicn into 20:4n-6.
If in old rats the retroconversion is the usual pathway, this
would explain why the high 20:4n-6 levels found in n-3
PUFA-deficient rats was maintained or even increased

when the animals were refed with n-3 PUFA. This high.

20:4n-6 level could in itself contribute to maintaining A6
desaturase activity at the low level seen after n-3 PUFA
refeeding. In any case, A 6 desaturase activity at a given
age may depend not only on the relative proportions of
n-6 and n-3 PUFA in the current diet but also on the

"LIPIDS, Vol. 28, no. 6 (19983)

relative proportions in the diet eaten over a longer period
of time. L ' .

. In conclusion, this study shows for the first time that
during adult rat life (puberty to old age), PUFA metabo-
lism can be divided into three periods: two of stability
(“young” and “old'" ages), separated by a transition period.
The latter occurs'between 6 and 12 mon and its duration
remains to be determined. In rats given a balanced PUFA
diet, the transition period is characterized by a decrease
in liver long-chain PUFA, in particular 22:6n-3 and
20:4n-6. Our results show that the profile of A6 desaturase
activity as a function of age cannot be dissociated from
the n-6 and n-3 PUFA ratio in dietary lipids. Thus, an n-3
PUFA-deficient diet maintains specific A6 desaturase ac-
tivity at a high, constant level throughout adult life, from
puberty to old age. Finally, it is possible to recover from
multi-generational n-3 PUFA deficiency at all ages but the
pattern of recovery is different, depending on whether the
animal is in the “young” or the “old age” period. During
the “old age” period, recovery is quicker if the diet directly
supplies long-chain n-3 PUFA.
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