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Inhibition of rat liver microsomal fatty acid chain elongation by
gemfibrozil in vitro
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Gemfibrozil, a hypolipidemic drug mainly used in the treatment of hypertriglyceridemic states, strongly inhibits the rat hepatic microsomal fauv

acid chain elongation system in vitro. The inhibition is independent on the reducing cofactor used in the assay. Furthermore. gemfibrozil seems

to act by inhibiting the rate-limiting step of the elongation process. the condensing reaction, without discriminating among the proposed three
different condensing enzymes, devoted to condensation of saturated. mono-unsaturated and polyunsaturated acyl-CoA substrates.

Gemfibrozil: Fatty acid eiongation system: Condensing enzyme; Hypolipidemic drug

1. INTRODUCTION

The microsomal fatty acid chain elongation system,
in concert with desaturases, leads to the formation of
long-chain poly-unsaturated fatty acius. The general
mechanism of microsomal fatty acid elongation in-
volves the sequential activities of four enzymes: (1) the
condensing enzyme, the rate-limiting step oi’ the whole
system; (2) A-ketoacyl-CoA reductase; (3) S-hydro-
xyacyl-CoA dehydrase; and (4) trans-2-enoyl-CoA
reductase [1]. Although the biochemical properties of
the hepatic microsomal elongation system have been
studied extensively [2,3], little is known about the effects
of xenobiotics on this system [4].

Gemfibrozil is a widely used hypolipidemic drug.
mainly in hypertrigiyceridemic states. Generally clas-
sified as a fibric acid derivative, it exhibits different
pharmacological properties from oiher related drugs.
Gemfibrozil stimulates triglyceride-rich lipoprotein
clearance, decreases hepatic VLDL prod: ~tion and in-
creases HDL.cholesterol levels [5]. Nevertheless, the
fundamental mechanism of action of gemfibrozil is not
well established. The quality of fatty acids (chain length
and number of unsaturations), either in the free form or
incorporated into glycerolipids, plays an important role
controlling lipoprotcin metabolism [6]. We thus aimed
to test the effect of gemfibrozil on enzymes related to the
hepatic fatty acids synthesis. As a part of this project,
we have studied the in vitro effect of gemfibrozil on
microsemal fatty acid chain elongation.
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2. MATERIALS AND METHODS

2.1. Chenricals

Malonyl-CoA, palmitoyl-CoA (16:0 CoA). palmitoleoyl-CoA (9-
16:1 CoA), zr-linolenic acid (6.9,12-18:3), NAD(P)H. fatty acid free
albumin, rotenone, CoA and Trizma were obtained from Sigma (St.
Louis. MO. USA). [2-"“C]malonyl-CoA (5¢ mCi/mmol) was pur-
chased from New England Nuclear (Boston, MA, USA), Scharlau Co
136 liquid scintillation fluid was from Scharlau Co. {Barcelona, Spain)
and gemfibrozil was a generous gift from Lab. Parke-Davis (Bar-
celona, Spain). General chemicals were obtained from commercial
sources and were of analytical grade,

2.2, Isvlation of microsomes

Male Sprague-Dawley rats (180-200 g) were maintained in starva-
tion for 24 h and then refed with a high carbohydrate fai-free diet (Fat
Free Diet U.S. Biochemica! Corporation. Cleveland. GH. USA) for
48 h. The animals were then killed by decapitation between 8 and 9
a.m. Livess were removed and perfused with ice-cold NaCl 0.9%. to
remove contaminating haemoglobin, The tissue was homogenized in
ice-cold 0.25 M sucrose, 50 mM Tris-HC] buffer. pH 7.4. and micro-
somes were obtained as described previously [7). Protein was deter-
mined by the method of Bradford. using BSA as stand. 1 2],

2.3. Synthesis of t-limolenoyl-CoA

The CoA derivative of z-linolenic acid was prepared by the mixed
anhydride procedure as described by Fung and Schulz [9]. and purified
as described by Al-Arif and Blecher [10]). The concentration of the
synthesized 7-linolenoyl-CoA was measured by the method of Eliman
{11}. after cleavage of the thioester bond with hydroxylamine.

2.4. Microsomal condensation and total elongation of fat:y acids
The assay of fatty acid microsomal endogenous clongation was
performed by the measurement of the incorporation of 2-"*C] malonyl-
CoA into endogenous acyl-CoAs. basically as described previousiy [4].
The assay medium contained. in final concentrations: 100 mM Tris-
HCL pH 7.4, 2.5 mM MpCl,, 2.5 mM ATP. 500 4M NAD(P)H. and
250 gp'mi microsomal protei. ierfibre il was added from stock
solutions adjusted to pH 8- 8.5 withu.1 N NaOH. The pH of the assay
at 37°C. the reaction was started by adding 25 uM malonyl-CoA
(containing 0.037 2Ci 12-"'C) malonyl-CoAY. When NADH was used
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3. RESULTS

The activities for endogenous fatty acid elongation
were 0.76 nmol/'min/mg in the presence of NADH, and
1.07 nmol/min/mg in the presence of NADPH, showiag
the well-known preference of the elongation system for
NADPH as reducing cofactor [1.3]. The preincubation
of microsomal protein with gemfibrozil for 5 min
caused inhibition of the endogenous activity. The in-
hibitory effect was dependent on the drug concentration
added, but independent of the reducing cofactor used
(Table [).No significant difference was found between
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the 1C,, value obtained in the presence of NADH or
NADPH.

The addition of exogenous acyl-CoAs further in-
creased the NADPH elongation activities, thus obtain-
ing values of 2.39 nmol/min/mg with palmitoyl-CoA as
substrate, 2.18 nmol/min/mg with palmitoleoyl-CoA
and .96 nmol/min/mg with z-linolenoyl-CoA. Again,
the preincubation of microsomal protein with gemfi-
brozit caused inhibition of the exogenous NADPH de-
pendent elongation activity. The inhibitory effect was
always dependent on the gemfibrozil concentration
added, but the IC, values obtained (Table I) were very
similar, irrespective of the acyl-CoA used in the assay
(no significant difference among the three IC;, values).
Moreover, when endogenous and exogenous IC,; val-
ues were pooled, no significant difference was found.

When NADPH was omitted from the incubation
medium, condensation activities were assayed. The vai-
ues obtained: 1.47 nmol/min/mg with palmitoyl-CoA as
substrate, 1.09 nmol/min/mg with palmitoleoyl-CoA
and 1.64 nmol/min/mg with 7-linolenoyl-CoA, were
always lower than the corresponding elongation values,
given the feed-back inhibition of the condensing enzyme
induced by the reaction product, the f-ketoacyl-CoA
derivative [2]. Table I shows the IC,, values for gemfi-
brozil inhibition of the condensing enzymes activities.
As in the case of elongation, the inhibitory effect was
dependent on gemfibrozil concentration, but unrelated
to the acyl-CoA used as substrate {no significant differ-
ence). Moreover. when IC,, values from condensation
and NADPH exogenous elongation activities were
analyzed together, no significant difference was ob-
tained.

4. DISCUSSION

The endopiasmic reticulum of mammalian liver is
able to catalyze the clongation of fatt, acids. Thee. Lizst
way to assay this activity is to uetermine the so called
endogenous elongation. In this sitmarion, “he system
uses, as subsirates, the fatlly acids present in riv o520l
membranes, activated to acyl-CoAs by the mxcrosuma.l
acyl-CoA synthetase, provided thai exogenous ma-
lonyl-CoA, ATP. and Mg are added. When the en-
dogenous elongation activity was assayed in the pres-
ence of the hypolipidemic drug gemfibrozil, strong in-
hibition was found. As shown in Table 1, the inhibitory
potency of gemfibrozil was independent of the reducing
cofactor used. NADPH or NADH. At this point, these
results cuuld e fitted to two hypotheses. (1) Gemfi-
brozil inhibits the endogenous elongation by acting on
the rate-limiting step of the system. the condensing en-
zyme [2]. As the condensing reaction between the acyl-
CoA and malonyl-CoA is the initial step in the elonga-
tion process. and is not dependent on reducing factors,
this hypothesis could explain the similarity between the
teo 1C,, values obtuined (cither with NADH or
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NADPH). (2) Gemfibrozil could inhibit endogenous
elongation indirectly, by affecting the previous activa-
tion of the fatty acids to the acyl-CoAs by the micro-
somal acyl-CoA synthetase. In this w2y it is also pos-
sible to obtain similar IC,, values with the two pyridin
nucleotides.

To test the second hypothesis, we assayed the effect
of gemfibrozil on the exogenous elongation activity. By
adding acyl-CoAs directly to the incubation medium,
we were able to bypass the synthetase reaction. Further,
as Prasad et al. [13] have shown the existence of at least
three different condensing enzymes for saturated,
mono-unsaturated and poly-unsaturated acy!-CoAs, re-
spectively, we used paimitoyl-CoA, palmitoleoyl-CoA,
and 7-linolenoyl-CoA as substrates, in order to evaluate
the effect of gemfibrozil on the three different systems.
In this set of assays, we used only NADPH as cofactor
so as not to increase the compiexity of the results; Nagi
et al. [14] have shown the existence of two S-keio acyl-
CoA reductases, one dependent on NADPH and stimu-
lated by the presence of BSA in the assay medium, and
the other using NADH and being inhibited by the addi-
tion of BSA. From the results shown in TAble I, and
comparing these with the IC,, value for NADPH-de-
pendent endogenous elongation, we car ==g that: (1)
there is no significant difference among the four 1C,,
values, thus ruling out a possible acyl-CoA synthetase
inhibition by gemfibrozil. Furthermore, wher the inhi-
bitory potency of gemfibrozil was assayed on palmitoyl-
CoA synthetase activity (data not shown), an I1C,, of 2.8
mM was obtained, far from the IC,, values obtained for
the elongation system; (2) gemfibrozil inhibits the three
elongation activities with the same potency: this be-
haviour is different from that of Ebselen, so far the only
other organic compound tested for in vitro inhibition of
the three elongation systems, which showed a marked
inhibitory preference for palmitoyl-CoA elongation [4).

Excluding the condensing enzyme, the other three
enzymes of the clongation system have enough activity
to fulfil the maximal rate oi elongation, even at 50% of
their maximal activity (e.g. in fat-free diet- >d animals,
activities are around 15 nmol/min/mg for NADPH de-
pendent 8-ketoacyl-CoA reductase [14], 80 nmol/min/
mg for f-hydroxyacyl-CoA dehydrase and 25 nmol/
min/mg for trans-2-enoyl-CoA reductase [15]]. Thus. it
seems possible to ascribe the inhibitory effect of gemfi-
brozil to an inhibition of the condensing enzyme.
Nevertheless, to test this hypothesis we assayed the
effect of gemfibrozil on the condensation activity, again
using the three different acyl-CoAs (16:0, 16:1 and 718:3
’oA). As shown in Table I, the IC,, values for con-
densation activity ase very similar, irrespective of the
acyi-CoA used as primer. moreover, tivere is no signifi-
cant difference between IC,, values corresponding to
eierg tion and condensation, confirming that gemfi-
brozil acts on clongation by inhibiting the condensing
slep.
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The IC,, values of gemfibrozil obtained for en-
dogenous and exogenous elungation are within the
reported plasma concentration of the drug (0.1-0.8
mM) [16] after its administration to laboratory animals
or humans. Further, knowning that it has a tendency to
accumulate in liver tissue [16], an effect of gemfibrozil
on elongation activity after its administration in vivo
may be expected. To our knowledge, the in vitro or in
vivo effects of gemfibrozil on elongation activity have
not been tested; there are only some contradictory data
referring to another fibric acid derivative, clofibric acid.
Landriscina et al. [17] reported an inhibition of elonga-
tion activity by clofibric acid in vitro, although the in-
hibitory potency was about 20-fold lower than that
reported here for gemfibrozil. After semi-chronic ad-
ministration in vivo, either an induction [18] or an in-
hibition [19} of palmitoyi-CoA elongation have been
reported. although it should be pointed out that the
dosage and duration of treatment were not exactly the
same in these two different studies. As gemfibrozil
seems to be a more powerful drug than clofibric acid,
either in its effects on enzymatic activities in vitro
[20,21] or as a therapeutic hypolipemic agent {5], we are
now conducting in vivo experiments to ascertain the
effect of gemfibrozil on elongation activi‘y after semi-
chronic administration. In this respect, it is interesting
to note that Prasad and Cinti [22] have shown that
feeding rats with di (2-ethylhexyl) phthalate (DEHP),
another peroxisoma} inducer which is structurally unre-
lated to gemfibrozil. leads to induction of palmitoyl-
CoA clongation activity, while those of palmitoleoyl-
CoA and r-linolenoyl-CoA decreased.
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