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Effect of glucocorticoids on the oxidative
desaturation of fatty acids by rat liver microsomes
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Abstract The effect of glucocorticoids on the oxidative
desaturation of fatty acids by liver microsomal preparations
of rats has been studied. Hydrocortisone produced a signif-
icant decrease in the conversion of [1-"Cllinoleic acid to
v-linolenic acid and [1-*Cleicosa-8,11,14-trienoic acid to
arachidonic acid. Triamcinolone and dexamethasone were
more active than hydrocortisone in depressing A6 and A5
fatty acid desaturating activity in liver microsomes. The
glucocorticoids evoked a maximal response approximately
24 hr after admission. Palmitic acid conversion to palmitoleic
acid showed no statistically significant changes by any of
the glucocorticoids. The mechanism of action of glucocorti-
coids is apparently different from other hyperglycemic hor-
mones that produce similar effects.—Goémez Dumm,
I. N. T. de, M. J. T. de Alaniz, and R. R. Brenner. Effect of
glucocorticoids on the oxidative desaturation of fatty acids by
rat liver microsomes. J. Lipid Res. 1979. 20: 834839,
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8,11,14-trienoic acid * hydrocortisone * triamcinolone - dexa-
methasone

In previous work it was demonstrated that the oxi-
dative desaturation of fatty acids is under hormonal
control (1-8). Several studies have revealed that A9
desaturation activity is depressed in the liver micro-
somes of alloxan diabetic rats (1~4). This defect was
overcome by parenteral injection of insulin (2-4). The
administration of thyroxine to normal rats for several
days produces an increase of A9 desaturation activity
of liver microsomal preparations (5).

Another series of studies has dealt with the A6 de-
saturase. It was shown that A6 desaturase activity is
also depressed in diabetes (3, 4) and that low doses of
insulin produced an enhancement of linoleic acid
desaturation, an effect that is probably mediated
through an activation of protein synthesis (6). On the
other hand, hyperglycemic hormones such as glucagon
or epinephrine significantly depress conversion of
linoleic acid to +y-linolenic acid. This effect would
appear to be mediated through an enhancement of the
intracellular levels of cyclic AMP (7, 8), because
dibutyryl cyclic AMP administered to rats (7) or to

834  Journal of Lipid Research Volume 20, 1979

cultured cells (9) also produced a depression of A6
desaturation activity. In addition, thyroxine treatment
of normal rats also caused a decrease of y-linolenic
acid biosynthesis (5).

In the present work we have investigated the effect
of glucocorticoids on desaturating activities of en-
zymes, because the mechanism of action of these hy-
perglycemic hormones is different from the other
hormones mentioned above.

MATERIALS AND METHODS

Chemicals

[1-*C]Palmitic acid (58 mCi/mmol, 99% radiochem-
ical purity) was purchased from the Radiochemical
Centre, Amersham, England. [1-**C]Linoleic acid (60
mCi/mmol, 99% radiochemical purity) and [1-"*C]-
eicosa-8,11-14-trienoic acid (58.9 mCi/mmol, 98%
radiochemical purity) were purchased from New Eng-
land Nuclear Corp., Boston, MA. NADH, ATP, CoA,
and other cofactors were provided by Boehringer,
Argentina. The glucocorticoids used were hydrocor-
tisone (Solucortril, Pfizer), triamcinolone acetate
(Kenacort A, Squibb), and dexamethasone (Decadron,
Merck, Sharpe, and Dohme).

Animals and treatment of animals

Adult female Wistar rats, weighing 180-220 g and
maintained on standard Purina chow were used.

Several experiments were performed. Experiment
1 was designed to show the effects of hydrocortisone
administration on the oxidative desaturation of pal-
mitic, linoleic, and eicosa-8,11,14-trienoic acids by
liver microsomes of normal rats. The rats were placed
in two groups of four animals each. One group was
injected with hydrocortisone (10 mg/rat per 12 hr)
and the other group, used as control, was injected
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with 0.9% saline solution. All the rats were killed 24
hr after the first injection.

Experiment 2 was designed to compare the effect
of different glucocorticoids on microsomal desatura-
tion activities. The rats (divided in groups of four
animals each) received daily injections of hydrocor-
tisone (10 mg/rat), triamcinolone (2.5 mg/rat), or dexa-
methasone (1 mg/rat) for 3 days. A control group was
injected with saline solution.

In experiment 3 the effect of a single dose of hydro-
cortisone (10 mg/rat) or dexamethasone (1 mg/rat)
was investigated. The rats (four per group) were in-
jected with the hormones and were killed 8, 12, 24,
and 48 hr after the injection.

All compounds were injected intraperitoneally. In
order to avoid individual differences among the rats,
in all the experiments the animals were fasted for
24 hr, refed for 2 hr, and then killed 12 hr after
the end of the feeding period.

Isolation of microsomes

The rats were killed by decapitation; the blood was
allowed to drain and it was collected for determina-
tions of glucose and free fatty acids. Livers were rapidly
excised and immediately placed in ice-cold homoge-
nizing medium (10). After homogenization, samples
were taken to measure protein and glycogen content.
Microsomes were separated by differential centrifuga-
tion at 100,000 g as described elsewhere (10).

Assay procedures

Desaturation of the fatty acids by liver microsomes
was measured by estimation of the percentage con-
version of [1-'*C]palmitic acid to palmitoleic acid,
[1-"*Cllinoleic acid to y-linolenic acid, and [1-'C]-
eicosa-8,11,14-trienoic acid to arachidonic acid. Three
nmol of the labeled acid and 97 nmol of unlabeled
acid were incubated with 5 mg of microsomal protein
in a Dubnoff shaker at 35°C for 20 min, in a total
volume of 1.5 ml of 0.15 M KCI-0.25 M sucrose solu-
tion. The medium contained 4 umol of ATP, 0.1 umol
of CoA, 1.25 umol of NADH, 5 umol of MgCl,, 2.25

umol of glutathione, 62.5 umol of NaF, 0.5 umol of
nicotinamide, and 62.5 umol of phosphate buffer (pH
7). The reaction was stopped by addition of 2 ml of
10% KOH in methanol. The fatty acids were recovered
after saponification of the incubation mixture (45 min
at 85°C), acidification, and extraction with petroleum
ether (bp 30-40°C). The fatty acids were esterified
with methanolic 3 M HCI (3 hr at 68°C), and the dis-
tribution of the radioactivity in substrate and product
was measured by gas-liquid radiochromatography in
an apparatus equipped with a Packard proportional
counter as described elsewhere (11). A column con-
taining 10% diethylene glycol succinate on Chromo-
sorb W (80-100 mesh) was used. Palmitic, linoleic,
and eicosa-8,11,14-trienoic acids were desaturated to

palmitoleic, y-linolenic, and arachidonic acids, respec-

tively. Percentage conversion was calculated from the
distribution of radioactivity between substrate and
product measured directly on the radiochromato-
gram (11).

Protein content in the different fractions was de-
termined by the biuret method of Gornall, Bardawill,
and David (12) using crystalline bovine albumin as a
standard. Blood glucose was measured by the o-tolui-
dine method (13), free fatty acids in plasma were de-
termined according to the procedure of Itaya and
Ui (14), and liver glycogen was determined by the
method of Van Handel (15).

RESULTS

The results obtained after 24 hr of hydrocortisone
treatment are shown in Table 1. In this experiment
10 mg of the hormone were injected every 12 hr.
Under these conditions the hormone caused a marked
depression of A6 desaturation of linoleic acid and A5
desaturation of eicosa-8,11,14-trienoic acid, while no
significant differences on A9 desaturation of palmitic
acid were observed, compared to the controls. Hydro-
cortisone produced an increase in blood glucose and
liver glycogen levels, but these results were not statisti-
cally significant.

TABLE 1. Modification of fatty acid desaturation and glucose metabolism by 24-hr
hydrocortisone treatment (10 mg/rat/12 hr) of normal rats®

Conversion

Plasma
Treatment 16:0 — 16:1 18:2— 18:3  20:3 — 20:4 Glucose Liver Glycogen
% % % mgldl mg/mg protein
Control 6.7+ 0.6° 265+46 447 +28 58 = 8 0.046 = 0.006
Hydrocortisone 10.6 + 3.6 13712 379+ 16 65+ 8 0.067 = 0.022
P <01 P < 0.001 P <0.01

“ For experimental conditions, see Materials and Methods.
® Averages of the analysis of four rats +one standard deviation of the mean.

Gémez Dumm, Alaniz, and Brenner Glucocorticoids and fatty acid desaturation 835

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

TABLE 2. Comparative effect of different glucocorticoids on liver microsomal fatty acid
desaturation activities and other metabolic parameters®

Conversion
Plasma Plasma Free
Treatment 16:0 — 16:1 18:2 — 18:3 20:3 > 20:4 Glucose Fatty Acids Liver Glycogen
% % % mgldl wmolll mg/ml prot.
Control 8412 19724 45.8 + 8.2 30 = 12 356 = 184 0.049 = 0.160
Hydrocortisone 8.9+ 0.6 175 £ 1.6 28.2 + 2.2° 39 £ 16 653 + 372 0.042 + 0.022
Triamcinolone 82=+24 24 +24% 195+ 3.8° 112 + 18¢ 509 = 180 0.035 = 0.014
Dexamethasone 15.1 + 9.4 58 = 6.8° 12.2 = 9.2¢ 40+ 8 404 = 100 0.043 = 0.022

® Three days of treatment with a daily intraperitoneal dose. For details, see Materials and Methods.
® Averages of the analyses of four rats (each analysis performed in duplicate) +one standard deviation of the mean.
¢ and ? Results statistically significant compared to the control. °P < 0.01; ?P < 0.001.

To determine whether the effect on the microsomal
fatty acid desaturating activities was also found in other
glucocorticoids and was not specific for hydrocorti-
sone, two synthetic glucocorticoids, triamcinolone and
dexamethasone were studied. Table 2 illustrates the
effect produced by the three different glucocorticoids
on the A9, A6, and A5 desaturation of fatty acids. In

16:0 —~16:1

%CHANGE

% CHANGE

w

(&

=

< cd

x rlae

N -

R

-100LC .
0 12 % 36 48
HOURS

Fig. 1. Effect of a single injection of hydrocortisone (O —— O) and
dexamethasone (O - — — O) on the change of palmitic acid conver-

sion to palmitoleic acid (4), linoleic acid to y-linolenic acid (B), and
eicosa-8,11,14-trienoic acid to arachidonic acid (C). Zero point cor-
responds to the percentage conversion (4,7.5  0.8; B, 30.9 + 1.7;
C, 51.6 = 4.5) of normal animals injected with a single dose of
saline solution. Each point represents the average of four rats.
Bars represent *one standard deviation.
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this study the treatment was prolonged for 72 hr, but
the frequency of hydrocortisone injection was reduced
to 10 mg/rat every 24 hr. As before, palmitic acid
desaturation activity showed no differences between
the control and the treated groups. The desaturation
of linoleic acid to y-linolenic acid was significantly de-
creased in liver microsomes of the rats treated with
triamcinolone or dexamethasone, but not with hydro-
cortisone, whereas the desaturation of eicosa-8,11,14-
trienoic acid to arachidonic acid was significantly re-
duced by all the corticoids. Liver glycogen, plasma
free fatty acids, and glucose were not significantly
modified in this experiment, except for the glucose
concentration that was significantly increased by tri-
amcinolone administration.

The three desaturases A9, A6, and A5, responded
in different ways to the glucocorticoids. Whereas the
A9 desaturase activity was apparently unaffected
under the conditions of our experiment, the A6 and
A5 desaturases were both inactivated. Moreover, tri-
amcinolone and dexamethasone were more potent
and had longer residual effects than hydrocortisone.
The modification of the A6 and A5 desaturase activities
was shown even when there was no longer an effect
on glucose metabolism. In addition, by comparing re-
sults of Table 1 and 2 it would appear that the A5
desaturase activity was altered for a longer period
than that of the A6 enzyme.

This effect of several injections of hydrocortisone
on the A6 desaturation of fatty acids (shown in Tables
1 and 2) prompted an investigation of the effect of
a single injection of hydrocortisone or dexamethasone
on A9, A6, and A5 desaturation by rat liver micro-
somes. The results are shown in Fig. 1. Both gluco-
corticoids markedly depressed linoleic acid and eicosa-
8,11,14-trienoic acid desaturating activities. Hydro-
cortisone was again shown to be less effective in
depressing A6 and A5 desaturating activity than dexa-
methasone; moreover the times curves for both hor-
mones and substrates were similar. In this experiment
it was demonstrated that both hydrocortisone and
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dexamethasone evoked an effect that increased with
time and exhibited a maximal level after 24 hr. In
addition, Fig. 1 also shows that the residual effect is
longer for dexamethasone than for hydrocortisone,
as suggested in the preceeding paragraph (Table 2).
This is apparently the result of a more potent effect
that therefore remains statistically significant for a
longer period.

The A9 desaturase activity showed a slight increase
after 24 hr, but the results obtained after hydrocorti-
sone or dexamethasone treatment were not signif-
icantly different from those obtained from untreated
animals. Table 3 shows the changes of liver glycogen,
and plasma glucose and free fatty acids, 8, 12, 24, and
48 hr after a single injection of hydrocortisone or
dexamethasone. No statistically significant differences
among the treated groups and the control were ob-
served except for the increase in liver glycogen levels
12 hr after hydrocortisone and 8 hr after dexametha-
sone treatment.

DISCUSSION

The results obtained in these experiments demon-
strate that glucocorticoids strongly depress the activity
of A6 and A5 desaturases of liver microsomes. This
effect was clearly shown for all the glucocorticoids
studied, natural or synthetic. However, triamcinolone
and dexamethasone were more effective than hydro-
cortisone (Fig. 1). Moreover both synthetic corticoids
showed a longer residual effect than hydrocortisone,
but this effect was apparently due to their greater
potency since the decay curves showed similar slopes
(Fig. 1). In this regard, it has been shown (16) that the
half time of the biological effect for hydrocortisone
is about 3 hr and is 7 hr for dexamethasone; however

both dexamethasone and triamcinolone were also
more effective than hydrocortisone and they caused
a greater gluconeogenic enzyme response than hydro-
cortisone with markedly smaller doses (16, 17).

The inverse ratio between the A6 desaturase activity
and the hyperglycemia effect of hormones was stressed
in the introduction of this report. These experiments
demonstrate that glucocorticoids can also evoke a simi-
lar effect. However, the changes in liver glycogen or
blood glucose levels evoked by the hormones were less
significant than the modification on the A6 desaturase
activity at the moment of sample collection. Similarly,
as it was already stated for epinephrine (8), the dif-
ference might be due to a different time of response
for each parameter. However, in spite of the similarity
of effect found for epinephrine, glucagon, and gluco-
corticoids, the mechanism of action is not necessarily
the same. Moreover, glucagon and epinephrine are
glycogenolytic and they would produce their effects
by increasing the intracellular levels of cyclic AMP
which would produce, directly or indirectly, an inhibi-
tion on the A6 desaturating activity (7, 8). Glucocorti-
coids are also involved in glucose metabolism but they
evoke an increase of gluconeogenesis and glycogen
stores in liver (17); moreover cortisol produces an
inhibition of the enzymes involved in glucose degrada-
tion (18, 19). Therefore, it is difficult to speculate
that a glucose metabolite is involved in the glucocorti-
coid mechanism of action in the present experiments
and probably it is evoked through an enhancement
of the synthesis of specific proteins rather than through
cyclic AMP (17). This hypothesis is supported by the
observation that the depression of A6 desaturase ac-
tivity produced by glucocorticoids was about 30%, 8 hr
after the injection, while epinephrine produced a 40%
decay 90 min after the administration of the hor-
mone (8).

TABLE 3. Changes of liver glycogen, blood glucose level, and plasma free fatty acids during a 48-hr period
after hydrocortisone and dexamethasone injection®

% Change®

Liver Glycogen

Plasma Glucose

Plasma Free Fatty Acids

Time Hc Dx Dx Hc Dx
hr
8 +35.5 + 12.8 +101.6 + 30.6¢ +1.5x 84 +2.4 + 13.8 +52+ 9.0 -5.1=x 3.8
12 +72.6 + 32.0¢ +42.2 + 344 —4.2 + 13.8 +6.6 = 23.4 +1.3 = 23.0 —-7.1 +226
24 +5.3 + 250 +13.4 = 23.2 00+ 6.8 -3.4 + 10.4 —-24.2 + 26.6 +5.2 + 27.6
48 +16.1 = 17.8 —-1.0 £ 32.0 -10.3 = 13.8 -10.3 = 13.8 —23.8 + 34.1 +11.9 = 24.0

¢ For details, see Materials and Methods.

® The results were expressed as the percentage changes of the values compared with the control. Each point
represents the average of four rats *one standard deviation of the mean. The mean of control values corresponds to
0.112 mg of liver glycogen/mg protein; plasma glucose, 72 mg/dl; and free fatty acids, 603 umol/l.

¢ Results statistically significant compared to the controls. P < 0.05.

Hc, hydrocortisone; Dx, dexamethasone.
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Free fatty acids have also been considered as putative
factors on the hormonal control of A6 desaturases
(20). However, dexamethasone affected neither tissue
levels of free fatty acids nor the basal release of free
fatty acids (21). Moreover, under our experimental
conditions, plasma free fatty acids were not modified
by glucocorticoid treatment (Tables 2 and 3) and it
has been published that hormones of the cortisol type
prevent the mobilization of fats in starved rats (22).

Data presented in this report also define a distinct
role for glucocorticoids in the regulation of A9 de-
saturation of fatty acids. Tables 1 and 2 and Fig. 1
show that whereas the activity of A5 and A6 desaturases
was decreased, the microsomal conversion of palmitic
acid to palmitoleic acid increased under dexametha-
sone and hydrocortisone treatment; however this in-
crease was not statistically significant under the con-
ditions of our experiments. These results parallel the
behavior of the A9 desaturase in animals treated with
other hyperglycemic hormones. Neither glucagon nor
epinephrine decreased the A9 desaturation of stearic
or palmitic acids (7, 8). Moreover, Jeffcoat and James
(23) have recognized that a remarkable parallelism
exists in the changes of the A9 desaturase and fatty
acid synthetase activity. This parallelism is stressed
again by the present results; Volpe and Marasa (24)
have revealed that the glucocorticoids evoke no
changes of fatty acid synthetase and carboxylase ac-
tivities of liver.

Although further studies are necessary to clarify
the mechanism of action of glucocorticoids on fatty
acid desaturating activities, it is evident that linoleic
and eicosa-8,11,14-trienoic acid desaturases are sensi-
tive to these hormones. According to the results re-
ported in the literature, we presume that the effect
of glucocorticoids could be produced through an in-
duction of protein synthesis which directly or indirectly
would inhibit A6 and A5 desaturating activity in rat
liver microsomes.fill
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