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Abstract—The addition in vitro of cycloheximide (1 zg/ml) produces an increase in the incorporation
of isotopic glucose or lactate into total lipids of epididymal fat pads obtained from fed rats. This
enhancement in the incorporation of glucose proceeds via the glyceride—glycerol moiety. The synthesis
of fatty acids is slightly decreased by the antibiotic which affects neither the uptake of glucose nor
its oxidation. The regulation of the esterification process in adipose tissue is discussed.

Aside from the inhibitory effect of cycloheximide
(CHM) on protein synthesis. intraperitoneal admin-
istration to fasted rats produced a 10-fold increase
in the incorporation of {*C]glucose into the lipids
of epididymal fat pads, mainly through an increase
in esterification of free fatty acids (FFA)[I]. By
contrast. a small increase, without statistical signi-
ficance, in the incorporation of glucose into lipids
was found when the antibiotic was injected into fed
rats[1]. It was rationalized that, in the pads from
fasted animals, CHM might increase a metabolic
process normally stimulated by food intake. The
physiological consequences of food intake play an
important role in the metabolism of adipose tissue
as evidenced by lower rates of glucose uptake|[2]
and FFA esterification [3] observed in fasting rats
compared to fed ones. Recently, we reported that
CHM, added in vitro to epididymal fat pads from
fasted rats, increases 2-fold the uptake. oxidation
and incorporation of glucose into lipids, concomi-
tently with an increase in esterification of FFA [4].
Since these parameters are increased by feeding. we
have studied whether the antibiotic, added in vitro
to epididymal fat pads from fed rats. elicits further
stimulation, in an effort to elucidate the prime
pathway affected by CHM.

MATERIALS AND METHODS

Cycloheximide, bovine serum albumin (fraction
V), and glycerokinase were obtained from Sigma
Chemical Co. (St. Louis, MO). p{U-"Clglucose
(200 mCi/m-mole) and rL{U-"*Cllactic acid as the
sodium salt (60 mCi/m-mole) were purchased
from International Chemical and Nuclear Corp.
(Cleveland, OH). Hexokinase, glucose 6-phos-
phate dehydrogenase, and alpha-glycerophosphate
dehydrogenase were obtained from Boehringer &
Soehne (Mannheim).

The experiments were performed using male
Wistar rats weighing between 120 and 170 g. The
animals were fed ad lib. with Purina rat chow; they
were killed by decapitation and then exsanguinated.
The epididymal fat pads were removed, rinsed in
0.85% NaCl and incubated in a Dubnoff metabolic

shaker at 37°for2 hrina25-ml Erlenmeyer stoppered
flask. In addition to the tissue, each flask contained
3 ml of Krebs-Ringer bicarbonate buffer adjusted to
pH 7.3 and supplemented with 150 mg of bovine
serum albumin and 11.1 mM glucose. Some vari-
ability in the results was observed when different
batches of albumin were used. To avoid this prob-
lem, albumin was systematically purified accord-
ing to the procedure of Chen[S]. When radioactive
glucose was used, it was added to a final concentra-
tionof 1 xCi/l11.1 gumoles. Where indicated, glucose
was substituted for lactate at a concentration of
1 mM, and 0.4 xCi ["*C]lactate was added to each
flask. The incubation medium was heated to 37° and
gassed with 5% C0,-95% O, before the donor
animals were killed; the flasks were flushed with the
same gas mixture before sealing. Usually one of
the two pads obtained from each animal served as
the control while the other pad was in medium
which contained CHM at a dose of | xg/mi.
Lipids were extracted according to Folch et al.
(6]. In some experiments the lipids from the ex-
tracts were saponified and the distribution between
glyceride-glycerol and fatty acids of radioactive
carbon from glucose or lactate was studied by the
method of Kornacker and Ball[7), with minor
modifications [1]. When lipolysis and esterification
were studied, one pad from each rat was used to
determine the initial concentration of glycerol and
FFA. The net changes in glycerol and FFA are
presented. Free fatty acids were determined ac-
cording to Dole and Meinertz[8] and glycerol was
determined according to Wieland[9]. Glucose
uptake was measured by the disappearance of the
hexose from the medium according to the method
of Slein[10]. Oxidation of ["“Clglucose was
measured by its conversion to '*CO,, using the
method of Del Boca and Flatt[11]. Other experi-
mental details have been reported elsewhere [ 1, 4].

RESULTS AND DISCUSSION

The incorporation of ["*C)glucose into lipids of
epididymal fat pads from fed rats was found to be
increased 50 per cent by cycloheximide. The drug
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Table 1. Effects of cycloheximide on glucose metabolism'

Control Cycloheximide
(gmoles/g) {umoles/g) P
Uptake 942 < 1.07 116t ~14s 0.2
(gmoles/g wet wt) (6) (6)
Incorporation into lipids 1.55 018 2320018 - 0.02
(zmoles/g lipids) (7} (7)
Oxidation 321+ 0.39 309 - 0.36 < 0.9
tumoles/g lipids) (5) (o

*The results are expressed as the mean -~ S.E.M._ . with the number of observations in

parentheses.

also produced a statistically insignificant increase in
the uptake of glucose without promoting its oxida-
tion (Table 1). To explore the metabolic pathway
modified by CHM, the lipid extracts were fraction-
ated and it was found that the antibtotic produced
a marked shift in the distribution of the label from
the fatty acid moiety to the glyceride-glycerol
moiety (Table 2), showing a pattern of distribution
similar to that found in fasted animals [4]. By com-
bining the data from Tables 1 and 2 it is possible to
calculate the amount of glucose incorporated into
fatty acids or glyceride—glycerol. In control pads
x 0.85 umole was incorporated into fatty acids and
x 0.64 pmole was channeled toward the synthesis of
glycerophosphate. In pads incubated with CHM,
2 0.59 and > 1.66 zmoles glucose/g of lipids were
incorporated into fatty acids and glyceride—glycerol
respectively. Therefore, the antibiotic stimulated
the incorporation of glucose into lipids by x0.77
xmole/g of lipids through the synthesis of the
glyceride—glycerol moiety of the neutral fats (1.02
umoles/g of lipids) and decreased its incorpaoration

into the fatty acids (0.26 gmole/g of lipids). The
action of CHM on the esterification of FFA, re-
ported in Table 3. is a consequence of the previous
findings. The antibiotic stimulated this pathway 47
per cent: this is quantitatively identical to the CHM-
mediated stimulation in the incorporation of
|"*Clglucose into lipids (Table {). The decrease in
the incorporation of glucose into fatty acids is in
agreement with the paper by McNamara et al. [12].
who reported that CHM causes a dramatic decrease
in the conversion of isotopic acetate to fatty acids
in rat liver homogenates.

The increase in glucose uptake produced by the
addition in vitro of CHM to epididymal fat pads from
fasted rats [4] seemed to explain most of its actions
on glucose and lipid metabolism. In pads obtained
from fed rats. the slight stimulation of the uptake
of glucose appears to be more a consequence of
satisfying the demands of metabolites to increase
the production of glycerophosphate than a direct
action of the antibiotic on the uptake of the hexose.
CHM enhanced the uptake of glucose 23 per cent

Table 2. Relative distribution of radicactive carbon from glucose in different fractions of lipid
extracts of epididymal fat pads®

Control Cycloheximide

Fraction (c0) (77) P

Non-saponifiable lipids 3.53 £ 0.55 3.04 =013 < (.5
4 (4

Fatty acids S5013 =370 2553 - 112 < (.00]
4 h

Glyceride—glycerol 41.08 +3.77 71,43 - 1.73 0,001
(4) 4

* Specifications are as in Table 1. Per cent values are given on the basis of the results presented
in Table 1. i.e. 1.55 gmoles glucose/g incorporated into lipids for the controls. and 2.32 gmoles/g

for the experiments with cycloheximide.

Table 3. Effects of cycloheximide on lipolysis and free fatty acid esterification”

Net change Control Cycloheximide P

Glycerol (gmoles/g) 4.16 *0.63 S.49 + .61 <0.2
(5) (5)

FFA («Eq/p) 0.58 = 0.16 100 + 0.26 <0.00
5 (5)

Rate of esterification 11.90 17.47 —

(#Eq/g)

* Specifications are as in Table 1.
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Table 4. Effect of cycloheximide on isotopic lactate incorporation into lipids and relative
distribution of the label*

Control

Cycloheximide P
(cpm/mg of lipids)
Incorporation into lipids 45.27 = 3.26 65.77 = 7.05 <0.05
4) 4)
Distribution (per cent)
Non-saponifiable lipids 3.73-1.38 2.35x0.61 <0.4
(4) 4)
Fatty acids 40.10 = 3.54 25.79 £ 2.06 <0.02
4) 4)
Glyceride—glycerol $6.18 +~ 4.59 71.86+1.93 <0.05
4) 4)

“ Specifications are as in Table 1. Per cent values are given on the basis of the incorporation
of lactate into lipids presented in the first line of the table.

(Table 1) and although this increase is more than
enough to account for the 50 per cent stimulation
of the incorporation of glucose into lipids (Table 1),
this must take place specifically via glycerophos-
phate (Table 2} to subsequently raise the esterifica-
tion of FFA (Table 3).

The results of Table 4 give support to this point.
The antibiotic increased the incorporation of lactate
into lipids. and the distribution of the label showed
a shift to the glyceride—glycerol moiety. Further-
more, the magnitude of the stimulation (45 per cent)
was quite similar to that observed with glucose
(Table 1). The enhancement produced by CHM in
the incorporation of glucose or lactate into lipids is
of special significance since these metabolites are
incorporated into lipids either through glycero-
genesis (Tables | and 2) or glyceroneogenesis
(Table 4) in order to satisfy the demands of the
esterification process. These results indicate that
the prime action of CHM should be localized on the
esterification pathway.

The CHM-mediated increase in glucose uptake
and oxidation observed in tissues from fasted
animals {4] might be a consequence of the stimula-
tion of the esterification process by the antibiotic.
The lack of effect on these parameters in tissue from
fed rats (Table 1) may be due to the fact that they
are already stimulated by the food intake, and prob-
ably by the same mechanism that is a result of the
antibiotic action in tissues from fasted animals, so
that no additive action is observed. The results of
this paper focus on the importance of the esterifica-

BP. 2711t

tion process as a point of regulation of adipose
tissue metabolism.
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