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The fatty acid composition of serum total lipids, of
phospholipids of various organs (liver, heart, kidney),
and of nervous structures (brain, retina, sciatic nerve,
myelin, synaptosomes) have been compared in lean
(Fa/-) and genetically obese (fa/fa) Zucker female
rats. Both received a standard commercial diet includ-
ing 37% of 18:2n-6 and 5% of n-3 polyunsaturated fatty
acids (PUFA), 1.7% of which were in the form of 20:5n-
3 and 22:6n-3. In comparison with lean rats, the results
for the obese rats pointed out (i) no difference inthe
fatty acid composition of nervous structures; (ii) a
decrease of 18:2n-6 (from -8% to -35%) and of 20:4n-6
(from -9% to -49%) in serum, liver and in kidney; this
was compensated for by an increase in 20:3n-6 (from
+30% to +320%) and in total n-3 PUFA (from +68% to
+76%); (iii) a decrease of 20:4n-6 (-18%) and of 22:6n-
3 (-24%) in heart compensated for by an increase in
18:2n-6 (+39%) and in 20:3n-6 (+233%); and (iv) con-
stant levels of total PUFA (n-6 and n-3) in the various
fractions studied, except in serum where this level
decreased (-23%). Finally, except for the nervous
structures, tissue phospholipids of obese rats in-
cluded a lower proportion of 20:4n-6 and a higher
proportion of 20:3n-6. This resulted in a significant
reduction in the 20:4n-6/20:3n-6 ratio; by contrast, the
20:3n-6/18:2n-6 ratio increased. The results suggest
thatin Zucker rats, the obese character (fa/fa) affects
the desaturation-elongation process of 18:2n-6 to
20:4n-6 by specifically decreasing A5-desaturase
activity.

Lipids 25, 517-522 (1990).

The proportion and nature of polyunsaturated fatty
acids (PUFA) acylated in the sn-2 position 8 of phospho-
lipids determine, in part, the physical and functional
properties of biological membranes (1-3). PUFA belong to
two non-interconvertible series (n-6 and n-3). Due to
processes of successive elongation and desaturation,
PUFA are obtained from the two key acids, linoleic acid
(18:2n-6) and «-linolenic acid (18:3n-3).

The conversion process involves liver microsomal
desaturases (4,5) and, in particular, two enzymes whose
activity, in a defined nutritional context, determines the
quantity of long-chain PUFA available to the organism:
(i)A6-desaturase that permits the conversion of 18:2n-6
to y-linolenic acid (18:3n-6) and the conversion of 18:3n-
3 to stearidonic acid (18:4n-3); this-enzyme is generally
considered the rate limiting step i’ PUFA desaturation
(6-8); and (ii) A5-desaturase that permits the conver-
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Abbreviations: BHT, butylhydroxytoluene; GLC, gas-liquid chroma-
tography; FFAP, free fatty acid phase; MUFA, monounsaturated
fatty acids; PL, phospholipids; PUFA, polyunsaturated fatty acids;
SFA, saturated fatty acids; TSL, total serum lipids.

sion of dihomo-vy-linolenic (20:3n-6) to arachidonic acid
(20:4n-6) and of 18:4n-3 to eicosapentaenoic acid (20:5n-
3.

Certain factors, such as experimental diabetes (9-12),
alcohol and aging (8), and dietary cholesterol (13) more
or less specifically inhibit A6- and/or A5-desaturase
activities. Insulin seems to be specifically implicated in
the simultaneous regulation of the two enzyme activities
(14). Thus, rats made diabetic by streptozotocin injection
show physiopathological and biochemical characteristics
comparable to those accompanying total PUFA deficien-
cy; insulin administration causes these symptoms to
disappear rapidly (15).

Genetically obese Zucker rats (fa/fa) are hyperlipemic
and hyperinsulinemic (16,17). In these animals, the
proportion of 20:4n-6 in phospholipids (PL) of serum,
platelets, liver and heart is significantly decreased as
compared to the values seen in lean controls (Fa/-) (18-
21). Surprisingly, the reverse process, i.e., an increase in
the conversion of 18:2n-6 to 20:4n-6, has been observed in
genetically obese mice (ob/ob) (22,23).

In recent studies in Zucker rats, we have confirmed the
above observations and shown that in obese rat hearts,
phospholipids are low in n-3 PUFA (24) while phospho-
lipids of adipocyte plasma membranes are, by contrast
rich in n-3 PUFA (25).

The aim of the present study was to obtain complete
fatty acid data on serum, liver and heart in these animals
and to add (in addition to kidney), nervous structures,
such as brain, retina, sciatic nerve, myelin and synapto-
somes, which are known to contain high amounts of n-3
PUFA in their phospholipids (26).

MATERIAL AND METHODS

Six obese (fa/fa) and six lean (Fa/-) Zucker female rats
(three-months-old) were used. They received a commer-
cial standard diet; the lipid content and the fatty acid
composition of the diet are shown in Table 1. The diet
contained 28% of saturated fatty acids (SFA), 30% of
monounsaturated fatty acids (MUFA) and 37% of n-6
PUFA in the form of 18:2n-6 and about 5% of n-3 PUFA,
1.7% of which were in the form of 20:5n-3 and 22:6n-3.
The rats were fasted for 15 hr, and then killed by
decapitation. The serum was recovered for assay of total
cholesterol, triglycerides and phospholipids (Boehringer
methods). Liver, heart, kidneys, brain, retina and sciatic
nerves were quickly excised, rinsed and deep-frozen at
-80°C. A fraction of the brain was used to prepare
synaptosomes and myelin as described previously (27).
Serum lipids and various freeze-dried tissues were
extracted according to Folch et al. (28) in the presence of
butylhydroxytoluene (BHT) (0.02%, w/v). The phospho-
lipids of liver, heart, kidney, brain and retina were then
separated by thin-layer chromatography on silica gel
(60 G Merck) using hexane/diethyl ether/formic acid
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TABLE 1

Dietary Fatty Acid Composition®

Fatty acids %
Saturated
14:0 0.9
16:0 20.0
18:0 6.7
Total 276
Monounsaturated
16:1n-7 3.1
18:1n-9 26.7
Total 298

n-6 Polyunsaturated

18:2n-6 36.6
20:4n-6 0.2
Total 36.8
n-3 Polyunsaturated
18:3n-3 3.1
20:5n-3 0.9
22:6n-3 0.8
Total 4.8
n-6 plus n-3 41.6
n-6/n-3 ratio 7.67

aThe dietary lipid content is 7.3%.

(80:20:1, v/v/v) containing 0.02% of BHT (w/v) (29).
Finally, the fatty acid composition (% of total fatty acids)
of the various lipid fractions was determined by gas-liquid
chromatography (GLC) of the methyl esters using a glass
capillary column coated with free fatty acid phase
(FFAP) (inner diameter, 0.3 mm; length, 50 m; detection
by flame ionization).

Statistical analyses were done by Student’s t-test. In
fatty acid analysis, as percentage data was not normally
distributed, statistical analyses were realized using the
variance-equalizing transformation (arc-sine transfor-
mation) according to Zar (30).

RESULTS

Organ weight and lipid content. For heart, kidney and
brain, the weight and total lipid contents were independ-

TABLE 2

ent of genotype. However, weight and total lipid content
were notably increased (+36% and +28%, respectively) in
the livers of obese animals; the amount of total liver lipids
was increased by 74% in these animals (Table 2).

Serum lipids. As reported previously, the serum of
obese rats had a considerably higher lipid content; this
was particularly due to the increase in triglyceride levels
which were increased seven-fold. The level of phospholip-
ids was doubled, but cholesterol levels were only moder-
ately increased (Table 3).

Total serum lipids (TSL). The level of SFA in TSL was
slightly but significantly higher (+8%; p < 0.05) in the
obese rats due to a marked increase in palmitic acid
levels. The difference between total MUFA was quite
apparent, since MUFA levels were almost two times
higher in obese than in lean rats (23% vs 12%), due to the
concomitant doubling of palmitoleic and oleic acid levels
(Table 4).

In the obese rats, the total proportion of n-6 PUFA
dropped by 36% due to a moderate decrease (-19%) in
linoleic acid and a considerable decrease (-48%) in
arachidonic acid. There also was a significant increase in
20:3n-6, reaching 0.8% in obese vs 0.3% in lean rats. On the
other hand, the level of total n-3 PUFA was higher in obese
rats (+68%); this increase was due to all fatty acids of this
series with 22:6n-3 (DHA) being by far the major contrib-
utor. However, the increase in the level of n-3 PUFA did
not compensate for the decrease in the amount of n-6
PUFA, so that the level of total PUFA (n-6 plus n-3) was
23% lower in the obese rats. The decrease in n-6 PUFA and

TABLE 3

Serum: Lipid Class Content in Zucker Female Rats—Comparison
of Lean (Fa/-) and Obese (fa/fa) Animals®

n=6 Cholesterol Triglycerides  Phospholipids
Lipids (g/L) (g/L) (g/L)
Lean 0.64 + 0.08 0.39 £ 0.03 1.15+£0.15
Obese 0.82 £ 0.11° 2.83 + 0.58¢ 2.06 £ 0.04¢
aResults are means * S.D. of six animals.

bp < 0.5.

°p < 0.05.

Weights and Lipid Contents of Different Organs in Zucker Female Rat. Comparison of Lean (Fa/-) and Obese (fa/fa) Animals®

Liver Heart Kidney Brain
Leanbt Obesec Lean? Obesec Lean? Obesec Leant Obesec
Weight (g) 708 £1556 9.619+067 0.79+0.16 0.85 + 0.06 1.78 + 0.44 1.76 + 0.06 1.62 +0.13 145 +0.05
Lipids/g of ]
weight (mg) 589+ 1.7 75.69 + 4.0 630+ 129 514+ 73 483 + 179 46.1 £ 2.7 109.1 £ 2.7 1127 £ 151
Lipids/organ
(mg) 417 + 54 72649 + 80 498 +98 4871+ 6.2 86 + 254 81.1+47 177+ 9 1634 £ 219
2Results are means + S.D. of six animals.
bLive weight lean: 270 + 21 g.
cLive weight obese: 350 =42 g
dp < 0.01.
LIPIDS, Vol. 25, No. 9 (1990)
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TABLE 4

Serum, Liver, Kidney and Heart: Fatty Acid Composition of Total Serum Lipids and Liver, Kidney and Heart Phospholipids in Zucker
Female Rats. Comparison Between Lean (Fa/-) and Obese (fa/fa) Aanimalsa

Serum Liver Kidney Heart

Fatty acids n=6 Lean Obese Lean Obese Lean Obese Lean Obese
16:0 170+12 203+14c 164+156 126+09¢ 1856+08 192+06 101+04 105t04
18:0 121+15 110%x11 210+22 262+22 17407 150+20 221+12 194%+18
SSFA 304+14 328+15* 385+18 398+18 369*t06 355+22 329+12 308%14
16:1n-7 12 +0.1 3.2+ 05¢ 04 +0.1 0.8 +0.2¢ 0.6 +0.2 0.2 +0.1¢ 03+0.2 0.5 +0.1°
18:1n-9 88+ 0.6 176 + 1.4¢ 39106 3.0+03v 74104 8.8 + 04¢ 271+02 4.0+ 03¢
18:1n-7 1.7+02 1.9+ 02 19+03 1.5 +0.2v 25+£03° 3.0 £ 04¢ 32+02 34x02
2MUFA 123+ 08 231+ 1.5 6408 5,56 £ 04 10906 135 % 0.5 64104 8.0 £ 0.4¢
18:2n-6 184+17 148+ 05c 149+12 97+07¢ 1563+06 14012 187+08 26.0+15¢
20:3n-6 03+0.1 0.8 £ 0.2¢ 0.5+ 0.1 1.6 +0.2¢c 05602 0.3 £0.1 0.7+02 0.5+0.1
204n-6 302+16 1563+19 287+07 249%+07¢ 312%x12 284+14> 223105 183=x08¢
%:n-6 PUFA 503+12 323+18 447+11 369+11¢ 485+t10 443+18 426+08 462108
20:5n-3 1.0+0.2 23 +03¢ 03+0.1 1.2 £ 0.2¢ 0.6 +0.1 1.6 £ 0.2¢ 02+0.1 05+02
22:6n-3 0.7x0.1 1.5 £ 0.2¢ 09=x0.1 1.2 +0.2¢ 04 £0.1 0.7£0.1¢ 1.9+02 2101
22:6n-3 48+ 04 7.1 +0.3¢ 91+13 16.3 £ 1.0¢ 27103 43+04c 160+06 122108
2n-3 PUFA 691 0.6 116 £+ 04c 104 +13 17.7 £ 1.1¢ 38+03 6.7+07¢ 1811+04 149+08¢
n-6 plus n-3 572+09 439+18¢ 551+t1.1 546+16 522+14 510+24 608+07 611104
n-6/n-3 73+0.7 28 £0.2¢ 43106 21102 12913 6.7 £ 0.4¢ 24 0.1 3.1 £0.2¢
20:3n-6/18:2n-6 X 100 16 54 33 165 6.5 9.3 16 2.7
20:4n-6/20:3n-6 100.6 19.1 574 156 31.2 218 74.3 26.1

aResults are means X S.D. of six animals.
bp < 0.5.
cp < 0.01.

Minor fatty acids are not reported in the table: 15:0 (0-0.3%); 17:0 (0.4-0.8%); 16:1n-9 (0-1.3%); 18:3n-6 (0-0.4%); 20:2n-6 (0.2-1.3%); 22:4n-

6 (0-0.4%); 22:5n-6 (0-0.2%); and 18:4n-3 (<0.1%).

increase in n-3 PUFA resulted in a considerable decrease
in n-6/n-3 ratio in the obese animals (2,6). In these
animals, the 20:3n-6/18:2n-6 ratio (index of A6-
desaturase activity) was 3.3 times higher; by contrast, the
20:4n-6/20:3n-6 ratio (index of A5-desaturase activity)
decreased five-fold (Table 4).

Liver phospholipids. The level of total SFA of liver
phospholipids was of the same order (39%) in both types
of rat. However, this equivalence resulted from a compen-
sation between palmitic acid (more abundant in lean
rats) and stearic acid (more abundant in obese rats).
There was no significant difference between total MUFA,
and only low proportions of these fatty acids were found.

On the other hand, the levels of n-6 and n-3 PUFA
showed marked differences. As was observed for serum
total lipids, liver phospholipids of obese rats included less
n-6 PUFA than in lean rats (-17%; p < 0.01) due to lower
levels of 18:22n-6 and 20:4n-6. By contrast, 20:3n-6
increased considerably in the obese animals consistent
with what was observed in TSL. Thé overall decrease in
the amount of n-6 PUFA was quantitatively compensated
for by an increase in the level of n-3 PUFA (+70%) with a
particular contribution from 22:6n-3. Thus, the amount
of total PUFA (n-6 plus n-3) was identical in both cases
and represented 55% of total fatty acids; however, the n-
6/n-3 ratio was two times lower in the obese animals (2.1
vs 4.3). In the obese animals, the 20:3n-6/18:2n-6 ratio
increased five times, while the 20:4n-6/20:3n-6 ratio

decreased 3.7 times, similar to what was observed in
serum lipids (Table 4).

Kidney phospholipids. Kidney phospholipids showed
identical levels of total SFA, independent of the genotype.
The levels of total MUFA were higher in the PL of obese
rats (+26%; p < 0.01) as the levels of fatty acids in this
series were higher. Kidney PL of the obese animals
contained significantly less total n-6 PUFA than controls
(-9%) largely due to the decrease of 18:2n-6 and 20:4n-6;
asin liver and serum, the level of total n-3 PUFA increased
considerably (+76%); this increase compensated for the
deficit in total n-6 PUFA, so that the sum of n-6 plus n-3
was very similar in both representing 51-52% of total fatty
acids. As in the liver, the n-6/n-3 ratio was decreased two-
fold in the obese animals. The 20:3n-6/18:2n-6 ratio was
higher and the 20:4n-6/20:3n-6 ratio decreased, but less
than in the total serum lipids and liver phospholipids
(Table 4).

Heart phospholipids. The levels of total SFA of heart PL,
were equal in obese and lean rats. As in serum and kidney,
the level of MUFA was notably increased in the obese
animals (+25%; p < 0.01) due to an increase in oleic acid
(about +50%) (Table 4). In contrast to what was observed
for serum, liver and kidney, the proportion of total n-6
PUFA in the heart was increased in the obese animals in
spite of the decrease in arachidonic acid (-18%; p <0.01)
observed in heart. The overall gain in the proportion of n-
6 PUFA in the liver and the kidney was essentially due to

LIPIDS, Vol. 25, No. 9 (1990)
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TABLE 5

Brain, Retina, Synaptosomes, Myelin and Sciatic Nerve: Fatty Acid Composition of Phospholipids in Zucker Female Rats.

Comparison Between Lean (Fa/-) and Obese (fa/fa) Animals

Brains Retina? Synaptosomes® Myeline Sciatic nervec
Fatty acids Lean Obese Lean Obese Lean Obese Lean Obese Lean Obese
16:0 206+ 08 216+16 15.8 17.3 22.2 229 156 16.8 28.6 29.0
18:0 191+04 183108 177 178 20.7 198 174 176 82 9.5
3. SFA 406+ 06 410x15 37.7 37.3 43.9 443 35.1 36.5 41.2 43.1
16:1n-7 04 +0.1 0.5+0.1 15 16 08 1.0 12 14 9.0 8.1
18:1n-9 199+06 200108 115 119 148 154 345 35.6 336 329
18:1n-7 431+03 43102 3.3 3.6 3.8 33 5.2 49 2.9 3.2
20:1n-9 19+03 1.8+ 03 04 0.2 0.6 0.5 2.6 2.6 05 04
20:1n-7 0.6 +0.1 05+0.1 — — 0.2 02 0.9 0.8 02 0.1
3 MUFA 277 +12 27.7+12 176 17.7 20.6 21.2 448 44 .6 472 454
18:2n-6 08+0.1 08+0.1 5.6 5.0 1.1 1.0 0.8 0.9 23 23
20:3n-6 04 1+0.1 05+0.1 04 05 0.3 04 0.7 0.8 04 0.3
20:4n-6 110+05 104 +0.7 120 118 135 15.1 10.1 9.0 3.7 4.0
22:4n-6 34103 28+03 14 1.6 33 25 38 36 10 0.8
22:6n-6 0.6+ 0.1 05101 0.3 04 14 08 0.8 0.5 10 0.8
3 n-6 PUFA 162+06 151+08 199 195 198 20.1 16.3 15.0 88 84
22:56n-3 02+0.1 02+0.1 1.1 14 — — 0.2 0.3 04 0.3
22:6n-3 1562+04 157113 23.2 23.6 15.7 144 3.6 36 18 2.0
3 n-3 PUFA 154+04 161+13 24.6 25.3 15.7 144 38 39 2.8 3.1
n-6 plus n-3 316+ 09 312+21 445 448 355 345 20.1 189 116 115
n-6/n-3 1.1t01 09101 0.81 0.77 1.26 140 4.29 3.85 3.14 2.70
20:3n-6/18:2n-6 X 100 50.0 62.5 71 100 27.3 40.0 875 889 174 13.0
20:4n-6/20:3n-6 275 208 30.0 23.6 45.0 377 144 112 9.2 133

aMeasurements carried out on six rats (values are means + S.D.).
bMeasurements carried out on a pool of six rats.
cMeasurements carried out on two pools of three rats.

Minor fatty acids are not reported in the table: 15:0 (0-0.4%); 17:0 (0-0.4%): 20:0 (0.1-0.9%); 22:0 (0-0.4%); 16:1n-9 (0-1.0%); 22:1n-9 (0-

0.9%); 24:1n-9 (0-0.3%); 18:3n-6 (0-0.4%); 18:3n-3 (<0.1%).

an increase in linoleic acid (+39%; p < 0.01). As in serum,
liver and kidney, the level of 20:3n-6 was very high in obese
rats. Total n-3 PUFA (particularly 22:6n-3) was lower in
obese fats resulting in total PUFA (n-6 plus n-3) being
maintained at essentially the same level (21%) in both
types of rats. The n-6/n-3 ratio was higher in obese
animals, contrary to what was observed in serum, liver
and kidney. The 20:3n-6/18:2n-6 ratio was higher, in spite
of the considerable amounts of 18:2n-6 present, and the
20:4n-6/20:3n-6 ratio was decreased three-fold in the
hearts of obese animals (Table 4).

Lipids of nervous structures. No differences between
obese and lean rats were observed in the complex (brain,
retina, sciatic nerve) or subcellular (synaptosomes, mye-
lin) neural structures studied by;any of the criteria used
(Table 5).

DISCUSSION

Aspreviously reported (21,31,32), we observed hyperlipe-
mia in genetically obese Zucker female rat (fa/fa) mostly
due to an increase in triglyceride levels. The hypertri-
glyceridemia was accompanied by a marked increase in
the total amount of liver lipids. There was also an

LIPIDS, Vol. 25, No. 9 (1990)

accumulation of saturated fatty acids, and especially of
monounsaturated fatty acids (mainly 18:1n-9 and 16:1n-
7), in serum, indicating an increase in A9-desaturase
activity and in de novo lipogenesis (18,19,33). These
perturbations in the de novo synthesis of fatty acids in
obese rats were expressed by an increase in the levels of
18:0 in liver phospholipids and of 18:1n-9 in kidney and
heart phospholipids. '

n-6 PUFA. The present study shows a dwindling of the
desaturation processes which permit the conversion of
18:2n-6 to 20:4n-6. Except for the neural structures, in
which the n-6 PUFA levels were remarkably independent
of genotype, the tissue phospholipids of obese rat typical-
ly included much less 20:4n-6 (from -9% to -49%) than in
controls.

Contrary to what has been reported in experimental
diabetes (12), 18:2n-6 was accumulated only in heart
phospholipids of obese rats. On the other hand, the
accumulation of 20:3n-6 was more general and relatively
high. Thus, in obese rats, the 20:3n-6/18:2n-6 ratio, which
is an index of A6-desaturase activity, was always higher
(including in the heart), while the 20:4n-6/20:3n-6 ratio,
an index of A5-desaturase activity, was always lower
(Table 6). This suggests that inhibition of the conversion
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Comparisons of the 20:3n-6/18:2n-6 Ratio (Index of A6-Desaturase Activity) and of
the 20:4n-6/20:3n-6 Ratio (Index of A5-Desaturase Activity) in Tissues of Lean and

Obese Zucker Female Rats

Tissue Serum Liver Kidney Heart Brain

A6-Desaturase index

(20:3n-6/18:2n-6 X 100)
® Lean 1.6 3.3 6.5 1.6 50.0
® Obese 54 16.5 93 2.7 62.5
® Obese/lean 3.37 5.00 143 1.68 0.80

Ab-Desaturase index

(20:4n-6/20:3n-6 ..
® Lean 100.6 574 312 74.3 275
® Obese 19.1 15.6 21.8 26.1 208
® Obese/lean 0.19 0.27 0.70 0.35 1.32

of 18:2n-6 to 20:4n-6 did not result from a decrease of A6-
desaturation, but rather of A5-desaturation. The results
confirm the recent data of Blond et al. (34) obtained by
direct measurement of A6- and Ab-desaturase activities
in liver microsomes of Zucker rats. In heart phospholip-
ids, the accumulation of 18:2n-6 occurred concomitantly
with a reduction in 22:6n-3 levels. The increase in 18:2n-6
may suggest a change in the proportion of different
phospholipids in favor of cardiolipins. These diphosphati-
dylglycerols, which occur mainly in mitochondrial mem-
branes (35), contain remarkably high levels of this fatty
acid (60-90%) (36,37). In the artificially diabetic rat, the
heart is also the organ in which the highest levels of 18:2n-
6 are observed (12). The fact that the differences seen
between obese and lean rats do not extend to nervous
tissue emphasizes the ability of these structures to
incorporate the various PUFA in a very controlled fashion
because neural tissues do not have A6- or A5-desaturase
activity (38). Liver is known as the major site of A6- and
Ab-desaturation in mammals (39).

n-3 PUFA. The obese genotype is characterized by
higher than normal levels of n-3 PUFA in serum lipids and
in liver and kidney phospholipids, thus compensating for
the drop in the level of n-6 PUFA and maintaining the sum
n-6 plus n-3. This increase in n-3 PUFA, particularly in
respect to 22:6n-3 and 20:5n-3, may result from preferen-
tial acylation of these acids as compared to n-6 PUFA due
to their presence in dietary lipids rather than to activa-
tion of a-linolenic acid conversion (21). These C,, and Cys
fatty acids represent about 2% of the total fatty acids in
the diet (118 mg/100 g of diet) and alone cover a large
portion of n-3 PUFA requirements in the rat (40,41). In
order to elucidate this point, further, it would be neces-
sary to experiment with a diet containing n-3 PUFA in the
form of e-linolenic acid only.

As noted above, preferential incorporation of n-3 PUFA
into phospholipids is not a general.mechanism in obese
rats because there is also a decrease¥in the relative level of
22:6n-3 in heart phospholipids. The drop in the level of
20:4n-6 and rise in 20:3n-6, which was already reported
for obese Zucker rats at one month of age (24), could
cause lowered production of PGI, and PGE,, representing
physiological conditions which favor the cardiovascular
complications typical of obesity.

In respect to the nervous structures, and in parallel
with n-6 PUFA, the level of n-3 PUFA was maintained in

all the cellular or subcellular structures considered. The
n-6/n-3 ratio was unchanged and remained between 1
and 2 in the brain, retina and synaptosomes; it remained
close to 4 for myelin and sciatic nerve (2742). This
homeostasis of n-3 PUFA composition in nervous struc-
tures has already been noted in rats, even when receiving
long-chain n-3 PUFA in the form of fish oil supplied in the
diet (43,44), except when excessive amounts of fish oil
were provided for the animals (45).

The obese genotype in Zucker rats is characterized by
abnormalities in PUFA composition of tissue phospholip-
ids. These anomalies may correspond to changes in the
proportion of phospholipid classes, as reported in some
membranes (25). The whole of the changes of a genetic
disorder occur in obese mice (ob/ob) (22,23) or in some
cases of human obesity (46), even if they are different
from those which characterize Zucker rats..The changes
cause biophysical (fluidity) and functional (activities of
Na*K*ATPase and adenylate cyclase, number of insulin
receptors, glucose transport) alterations in cellular mem-
branes (46).

According to Horrobin (8), décreased A6-desaturase
activity could be one of the keys to the problem of aging.
To compensate for this decrease, dietary lipids could be
supplemented with 18:3n-6, which would bypass this
metabolic deficiency. However, Ab-desaturase activity
seems to also decrease in certain physiological states,
such as experimental diabetes (12) and hypercholeste-
rolemia artificially induced by an excessive intake of
dietary cholesterol (13). Takahashi and Horrobin (47)
have recently shown that such a process is characteristic
of aging in mammals. According to these authors, the
level of 20:3n-6, as well as the 20:3n-6/20:4n-6 ratio,
increases with age in liver phospholipids and platelets in
rats. Thus, supplementing dietary lipids with «-linolenic
acid would not always permit a normal level of 20:4n-6 in
tissue phospholipids and would lead to an increase of
20:3n-6 (48). Therefore, it seems that a diet directly
supplying Cy, and C,; PUFA (20:4n-6, 20:5n-3, 22:6n-3)
would be advisable, as soon as the relative requirements
of these two families of fatty acids have been defined.

In any case, the genetically obese Zucker rat (fa/fa) is a
good model for studies aimed at preventing or nutrition-
ally treating enzyme deficiencies in regard to fatty acid
desaturation.
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