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1. introduction

The bicsynthesis of fatts acids by rat liver is
controlied, at least in part, by the levels of dietary
carbohydrate and polyunsaturated fats [1]. In this
connection, much attention has been focused upon
two cytoplasmic proteins: teetyl-CoA cernoxylase
and fatty acid synthetase. Although it has been
known for many years ihat feeding carbohydrate-rich
diets resulits in eievated levels of these enzymes. only
recentiv has it been demonstrated with fatty acid
synthetase that dietary linoleic acid decreases the
level of the enzyme protein {2] . Dietary carbohydrate
also elevates the level of stearoyl-CoA desaturase [3].
However little documented data are available on the
control of the levels of this enzyne by linoleic acid
although it is well established that dietary poly-
unsaturated fatty acids suppress its activity [4]. We
now present further evidenee for the close cantrol
of fatty acid synthetase and stearavl-Co A desaturase
and demonstrate the rapid vesponse of the desaturase
to dietary linoleic acid. The activity of the enzyme
is diminished by approx. 60% in the first 18 h of
feeding a polyunsaturated fatty acid diet, which is
in marked contrast to a i, 0f 2 days for fatty acid
synthetase. The significance of these resulis is
discussed in termes of the control of lipogenesis.

2. Materials and methoads

2.1. Animals and diets
Male litter weanling rats »f the Colwerth-Wistar

A preliminary report of these dzia was presented at the 20th
ICBL Meeting held in Aberdeen. September 1977
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strain were used for all the experiments described.
Rats were allocated to dietary groups of six and
allowed food and water ad likitum. The diets used for
these experiments were all based on a purified diet

of the foilowing composition: starch (containing
0.35% (w/w) linoleic acid) 44.7%, casein 25%, cellu-
1o5e powder 6%, sucrose 20%, salis 4%, vitamins 0.3%.
When corn ail {60% (w/w) iinoleic acid} was added

to this diet to the required conceniration, the calorie
content was kept at 410415 cal/100 g diet by
replacing the starch and adding cellulose powder to
maintain the weight. Razs fed a fat-free diet for 14
days had specific activities for faity acid synthetase
aad sicaroyl-CoA desarurase of 1.5 pmol NADPH
oxidised/min/g Hver and 1.25 nmol oleate produced/
min/mg microsomal prorein, respectively.

2.2 Enzyme assays

Microsomul fraciions and 100 000 X g supernatani
fractions were prepared as described {35]. Stearoyl-
CoA desaturase and faity acid synthetase were assayed
as in {5} and [6], respectively. The individual specific
activities shown on all the figures represent the
average value from six rats and all enzyme asszys
were carried out in triplicate.

Protein was determined as in [7] using defatted
bovine serum albumin as a standard.

3. Resulis 2nd discussion

3.1. Effect of dietary lipid on steuroyl-CoA desaiurase
aclivicy
The activity of fativ acid synthetase and stearoyl-
CoA desaturase can b= modulated by dietary fat {4}.
Comparisons of enzyme activities are made on liver
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low fat or high fat/low carbohydrate diets {1]. We o 49
have investigaied the relative amounts of cartbohydrate o EAS
and fat such that the source of dietary linoleic acid 30 .
is just sufficient to override the inductive effect of h g
the carbohydrate.
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Rat were fed ad libitum for two weeks on iso- e
caloric diets containing either 20% {wfw) sucrose or \E\
the same diet supplemented with between 0.5% and aaf- ® B
10% (w/w) corn oil. As shown in fig.1 both fattv acid
o
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Fig.1. The effect of dietary corn oil on the specific aclivities S 201
of hepaiic fatty acid synthetase and stearoyl-CoA desaturase. ‘g
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Fiz.2. A comparison of the cifects of cora oil and ethyi linoleate on the specific activities of {A) fatty acid synthetase and (3)
stearoyCoA desaturase. (om) Specific activities delcrmimed when rais were fod sucrose plus cthyl linoieate; (0#) sucrose plus com

oil; (44} glucose plus comn oil.
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synthetase and stearoyl-CcA desaturase decreased to
approx. 309 of their activities on a fat-free diet. A
comparison of these data with those reporied {4] on
the effect of dietary ethyl linoleate, fig.2, shows that
the main contributory component of the corn oil is
linoleic acid.

3.2. Time course of the linoleic acid effect

The data given above reflect the long term effect
of linoleic acid on the levels of two lipogenic enzymes
but give no indication of possible short-term effects
which might exist as a direct result of the diumal
feeding pattern of the animal in question. To investi-
gate possible acute effects seven dietary groups of

rats were fed a fat-free diec countaining 2075 (w/w)

sucrose for 2 weeks. At the end of this feeding period

1 group {6 rats) was sacrificed to determine the level

of faity acid synthetase and stearoyl-CoA desaturase,

shown as 100 in fig.3. A second group was maintained
on the same diet for a further two weeks. The remain-
ing 5 groups were iransferred to 2 diet containing

5% (w/w) ~orn oil and 20% {w/w) sucrose and at

intervals of approx. 1. 2, 4, 8 and 14 days, groups of

rats were sacrificed to determine the level of the two
enzymes. A second experirnent was also carried out
in which the diets were chunged to 10% (w/w) comn
oil 2nd 20% (w/w) sucrose for the last 14 days of

the feeding study. The tesults of these studies are

shown in fig.3 from which three main cbservations

can be made:

(i} Rats fed 20% (w/w) sucrose for four weeks
maintain high {evels of fatty acid synthetase and
stearoyl-CoA desaturase.

(ii) Sucrose/corn oil diets réduce the activity of both
enzymes.

(iii} The time taken to reduice the activity of fatty
acid synthetase and stearovl-CoA desaturase by
50% is 2 days and less than 12 h, respectively.

These values bear a close correlation with the

values reported for the £, “or fatty acid synthciase

[2] and stearoyl-CoA desaturase [3]. Dictary linoleic

acid in the form of safflowzs oil reduces the level of

fatty acid synthetase in rat liver not only by decreas-
ing its rate of synthesis but also by increasing its rate

of degradation fram 3 £, 0f 3.8 days to 1.9 days [2] .

- Qur data on the halflife of the activity of fatty acid
synthetase not only providzs a useful control agreeing
well with the data {2] but suggesis that dietary
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Tig.3. Time course for the effiect of dietary cori il on the
specific activities of fatty acid synthetase and siearoyl-CoA
desaturase. Rats were fed fat-free dieis for 14 days and then
switched to 5% or 10% (w/w) corn oil-supplemented diets.
Fatty acid synthetase (oea) and stearoyl-CoA desaturase
{tus) were measured after 17 b, 41 h, 89 h, 185 h and
329h.

linoleic acid might aiso control the level of the
desaturase enzyme. The other possibility is that
linoleic acid simply inhibits the desaturase either
directly or indirectly by modifying the composition
of the membrane but this would seem unlikely since
stearoyl-CoA desaturase activity is independent of
the membrane lipid composition [8].

In order to study the control of the desaturase,
rats were starved for 24 h and then re-fed either 20%
{w/w} suciose diets or 5% (w/w) corn oil and 20%
{w/w) sucrose diets. Bats were sacrificed ai 3 h inter-
vals after re-feeding and the activity of stearoyl-CoA
desaturase determined in the liver microsomes. Figure
4 shows the results of these experimenis and cleasly
demonstrates a 6—9 b lag prior to the induciion of
the enzyme which accurs at a similar rate both in the
presence and absence of dietary linoleic acid. These
data are very similar to those reported for fatty acid
synthetase 2], which differ only in that ths induction
of the synthetase does not show a lag period. However
studies with another microsomal enzyme, palmitoyl-
CoA elongase [9] have revealed a 6 h lag pesiod
before induction of the enzyme after a period of

starvation. Therefore it appears that under certain
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Fig.4. Time coursse for the induction of stearoyl-CoA desatu-
rase. Rats were starved for 24 h and then fed either a sucrose
{=) or a2 corn oil supplemented diet () ad libitum {rom
08.00 h (time 0). Food intakes were measured and are shown
in the inset as g ingested/rar as a function of time afier
re-feeding.

extreme physiological conditions, the controlling
effect of linoleic avid can be suppressed until the
normal physiclog.cal balance is restored.

3.3. Effect of indomethacin on the aciiviiy of stearoyi-
CoA desaturase
The high sensitivity and specificity of the linoleic
acid effect [4] would sugocst that it is a resuli of a

Table 1
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specific property of this fatty acid and not a genersl
fatty acid offect. The effect can be evercome by
administering an acetylenic analogue of arachidonic
acid which seems to inhibit the further metabolisin of
linoleic acid [18] . This suporession of the linoleic
acid effect can be overcome by feeding arachidonic
acid which suggests that one possible mode of action
of linoleic acid may be via the prosiaglanding. Inhilbi-
tions of prosiaglandin biosynthesis should therefore
reverse the inhibition of ipogenesis by lincleic acid.

Five groups of rats (A--E) were fed a fat-free diet
of 207 (w/w) sucrose for 14 days. On days 11, 12,

13 and 14 at 09.00 h, four groups of rats (B—E) were
injected intraperitoneally with either indomethacin
0.5 mg/ml polyethviene glycol 400} or polyethvlene
glyco! 4G0 at a dose level 2 mig indamethacin/kg bady
wit. On day 14 gsroups A—C were fed ad libitum for
24 h the same sucrose diet while sroups D and E

were fed a sucrose diet supplemented with 5% corn
oil. The rats were sacrificed and the liver microsomes
used to determine the specific activity of the stearoyi-
CoA desaturase (table 1}.

[t is apparent from these resulis that indomethacin
at the dose level used is unable to reverse the effect
of dietary linoleic acid. However at this level indo-
methacin has been shown fo cause approx. 70% inhi-
hition of prostaglandin synihesis as determined by
the level of urinary metabolizes of prostaglanding
{Hartop, P. personal communication}. It is possible,
therefore, that this is insuffizient inhibition to reverse
the lincleic acid effect on Lepatic Hpogenesis. Similar
resulis, however, have been obtained [2] suggesting
that prostaglandin synthesis is not required for the
finoleate-induced decrease in the specific activity of
hepatic fatty acid synthetase. However, polyunsatu-

The effect of indomethacin injections on the specific activiiv of stearovi-CoA
desaturase (nmol/minf/img microsomal profein + SD)

Diet
Treatment Sucrose (20%) Sucrose (20%)/corn il {(37%)
- 0.8 +0.15 -
TIndomethacin 1.05 2 0.22 .34 = 0.1
Poiyeihylene
glycol 400 0.94 + 0.19 0.43 = 0.09
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rated fatty acids [11—-15], in particular alinolenic
acid f13} which can also act as a prostaglandin
precursor [16], are also capable of repressing the
activities of hepatic fatty acid synthetase and glucose-
6-phosphate dehydrogenase. Although the molecutar
mechanism whereby polyunsaturated fatty acids
regulate lipogenesis is stili not clear, it does appear
that animals on mixed diets have evolved a mechanism
whereby these faity acids, possibly acting as markers
cf total fat intake, can swiich off de novo fat syn-
thesis which operates maximally in animals fed high
carbohydratesflow fat diets. It is possible that ths
dietary polyunsaturated faity acids act in the shori-
terin (hours) by regulating the level of the desaturase
resulting in an accumulation of saturated fatty acids
which inhibit acetyl-CoA carboxylase [17]. Longer-
termn control of lipogenesis by regulation of acetyl-

CoA carboxylase with a ¢y, 48 h [2] may then be
effected >y the polyunsaturated fatty acids control-

ling thie Tevels of ithese enzymes.
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