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In vitro effect of cioflbric acid derivatives on rat hepatic microsomal electron 
transport chains 
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Clofibric acid (CFB*), bezafibrate (BZB) and gemfibrozil 
(GFB) are structurally related drugs widely used in 
the treatment of hyperlipoproteinemias [1-3]. Their 
administration to both experimental animals and humans 
induces a multiplicity of physiological changes: hepato- 
megaly, smooth eodoplasmic reticulum and cytochrome 
P450 induction, peroxisomal proliferation [4, 5], inhibition 
of 3-hydroxy-3-methyiglutaryl-CoA reductase and very low 
density llpoprotein synthesis [6]. Nevertheless, there is no 
agreement about the relative contribution of the mechanisms 
responsible for the hypolipidemic effect'. 

Rat liver microsomes possess two electron transport 
chains [7] (Scheme I): one of them, the microsomal 
NADH-cytochrome c reductase system, consists of 
cytochrome bs and its flavoprotein, NADH-cytochrome b5 
reductase (EC 1.6.2.2). The second system utilizes 
NADPH, and the electrons flow from the NADPH- 
cytochrome c reductase (EC 1.6.2.4) to cytochrome P450, 
and also to cytochrome bs. Reducing equivalents flowing 
through cytochrome b5 are involved in important lipid 
biotransformation reactions such as fatty acid chain 
elongation and desaturation [8]. Also, isoenzymes of 
cytochrome P450 are involved in w-hydroxylation of long 
chain fatty acids [5]. 

The quality of fatty acids (chain length and number of 
unsaturations), either in the free form or incorporated into 
glycerolipids, plays an important role controllingllpoprotein 
metabolism [9, 10]. Given that the hypolipidemic effect of 
clofibric acid derivatives is not well understood, we have 

* Abbreviations: CFB, clofibric acid; BZB, bezafibrate; 
GFB, gemfibrozil; PMSF, phenylmethylsuphonylfluoride. 

been interested in testing the effect of these drugs on 
enzymes related to the hepatic fatty acid synthesis, either 
in vitro or in vivo. As part of this project, we have studied 
the in vitro effect of CFB, BZB and GFB on the two 
microsomal electron transport chains. 

Material and Methods 

NADH, NADPH, cytochrome c (Type III from horse 
heart), CFB and Trizma base (Tris[hydroxymethyl] 
aminomethane) were obtained from the Sigma Chemical 
Co. (St Louis, MO, U.S.A.); BZB and GFB were a 
generous gift from Lab. Andreu (Barcelona, Spain) and 
Lab. Parke-Davis S.A. (Barcelona, Spain), respectively. 
PMSF was from Boehdnger Mannheim (Mannheim, 
Germany), EDTA from Merck (Darmstadt, Germany), 
and dithiothreitol from Fluka (Buchs, Switzerland). Other 
general chemicals were obtained from commercial sources 
and were of the highest purity available. 

Microsomes were prepared from the livers of Sprague- 
Dawley male rats (200-220 g) aged 7-8 weeks. Following 
18 hr of starvation, the animals were killed by decapitation 
between 8 and 9 a.m. Livers were perfused with ice-cold 
0.9% NaCI. The tissue was homogenized in 0.2 mM EDTA, 
0.1 mM PMSF, 50 mM NaF, 0.25 M sucrose, 50 mM Tris- 
HCI buffer, pH7.4, and microsomes were obtained as 
described previously [I1], and resuspended in 0.1M 
phosphate buffer pHT.4. Protein concentration was 
determined by the method of Bradford [12], using bovine 
serum albumin as standard. NADH-cytochrome c reductase 
activity was determined by the method of Yasukochi and 
Masters [13]. The assay mixture contained, in final 
concentrations, 0.3 mM KCN, 50/~M cytochrome c, 100 
EDTA, 0.1 M phosphate buffer pH7.4, and microsomal 
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Scheme 1. Hepatic microsomal electron transport pathways. Fpd = NADH--cytochrome b~ reductase. 
Fpr = NADPH-cytochrome c reductase. GFB = gemfibrozil. NADH--cytochrome c reductase activity 

involves the flow of electrons from NADH to Fp,  to cytochrome bs, and then to cytochrome c. 

protein atvarying concentrations. After 5 rain preincubation 
at 37 °, the reaction was started by adding 120 #M NADH, 
and the absorbance increase at 550 nm was recorded on a 
Perkin-Elmer 550S UV-Vis spectrophotometer with a 
recorder accessory. The rate of reduction of cytochrome 
c was measured using an extinction coefficient of 
18.5 mM -~ cm -~. NADPH--cytochrome c reductase activity 
was measured by the same method, but using NADPH 
instead of NADH as electron donor. For measuring 
NADH-cytochrome b5 reductase activity, a reaction 
mixture including 0.25 mM K3Fe(CN)6, 0.1 M phosphate 
buffer, pH7.4, and microsomal protein at varying 
concentrations was used [14]. NADH (0.15 raM) was added 
after 5 rain of preincubation at room temperature, and the 
absorbance change at 420 nm was recorded. The rate of 
reduction of potassium ferricyanide was measured using 
an extinction coefficient of 1.02 mM-'  cm- 1. When required, 
drugs were added to the incubation medium from stock 
solutions adjusted at pH between 7.5 and 8 with 0.1 N 
NaOH. The volume added did not modify the pH of the 
assay mixture. 

For the dialysis assay, a Spectrapor No. 3 membrane 

tubing (Spectrum Medical Inds., Los Angeles, CA, U.S.A.) 
was used, dialysing at 4 ° against 2 x l  L of 1raM 
dithiothreitol, 0.1 M phosphate buffer, pH 7.4, for 24 hr. 

All kinetic calculations were done using the Eazfitter 
data analysis program. 

Results and Discussion 

The effect of CFB, BZB and GFB, at two different 
concentrations (1 and 5 mM) on the activities of microsomal 
electron transport chain enzymes, namely NADH-  
cytoehrome c reductase, NADH-cytochrome b~ reductase, 
and NADPH--cytochrome c reductase, was investigated. 
As shown in Table 1, the only effect is the stimulation of 
NADH--cytochrome c reductase activity by the three 
drugs, resembling their relative order of potency 
( G F B > B Z B > C F B ) ,  observed in relation to the 
therapeutic activity [1-3]. Neither NADPH-cytochrome c 
reductase nor NADH-cytochrome b5 reductase activities 
were markedly affected by the additon of CFB, BZB or 
GFB. 

The stimulation of NADH--cytochrome c reductase by 
GFB seemed not to be an artefact, as no change in 

Table 1. In vitro effect of CFB, BZB and GFB on rat hepatic microsomal NADH-cytochrome c 
reductase, NADPH--cytochrome c reductase and NADH-cytochrome bs reductase activities 

NADH-cytochrome c NADPH--cytochrome c NADH-cytochrome b~ 
reductase reductase reductase 

(%) (%) (~) 

CFB 1 mM 109 107 98 
CFB 5 mM 121 108 108 

BZB 1 raM 114 110 103 
BZB 5 mM 127 108 108 

GFB 1 ram 118 100 95 
GFB 5 mM 186 115 100 

Results are expressed as per cent activities with respect to controls (100% -- 1417 nmol/min/mg 
microsomal protein for NADH-cytochrome c reductase, 100% = 327 nmoi/min/mg for NADPH-  
cytochrome c reductase, 100% = 6.4/anol/min/mg for NADH-cytochrome b5 reductase) with no 
drug addition. Values are the mean of two experiments performed in duplicate, with microsomes 
from two pooled rat livers. Enzymatic activities were assayed as described in Materials and 
Methods. 
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absorbance was detected when the drug, cytochrome c and 
NADH were incubated together in the absence of 
microsomes. 

GFB produced a concentration-dependent increase in 
NADH-cytochrome c reductase activity, as can be seen in 
Table 2. All the values were obtained from microsomes 
preincubated for 5 rain in the presence of the stated drug 
concentration; no difference in stimulation effectivity was 
found with changing preincubation times, from 0 to 15 rain 
(data not shown). To be able to obtain the theoretical 
maximum effect, a Scatchard analysis of these results was 
done [15]. Plotting % stimulation/mM GFB versus % 
stimulation, a regression line with a correlation coefficient 
of -0.904 (P < 0.05) was obtained. Era, was determined 
from the x-intercept of the regression line, with a value of 
295% of stimulation (giving 0% stimulation to control 
values). The Ecs0 was calculated from the abscissa co- 
ordinate corresponding to Em~/2% response, giving a value 
of 9.5 mM. Although this value is higher than the peak 
plasma concentration in humans after therapeutic dosages 
(0.1-0.8 mM) [16], the concentrations needed to obtain a 
50% stimulation are very close to this range. Also, knowing 
the ability of GFB to concentrate in liver and kidney [3], 
an in vivo effect should not be discarded. Only Ivanetich 
et al. [17] have reported a similar effect, showing an in 
vitro stimulation of NADH-cytochrome c reductase activity 
(41% over control values) by adding an anesthetic agent 
(enflurane 14 raM) to the incubation medium. No attempt 
was made to elucidate these results further. 

The influence of microsomal protein concentration on 
the stimulation of NADH--cytochrome c reductase activity 
by GFB was studied. No signifcant variation in the amount 
of stimulation was found over the whole range of 
microsomal protein tested (25-150/~g/mL of incubation 
medium). 

To determine whether the effect of GFB on NADH-  
cytochrome c reductase activity was reversible, we 
attempted to eliminate the drug from the assay medium. 
The stimulation persisted even after two centrifugations at 
105,0008 for 30 min, although it disappeared when the 
assay medium was dialysed for 24 hr (46% stimulation 
before--5% after dialysis, using 2 mM GFB). 

In order to study the kinetics o~ the stl~mulatitn,- the - 
NADH-cytochrome c reductase assay was carried out at 
different cytochrome c concentrations in the presence of 2 
and 5 mM of GFB and fixed NADH concentrations. Eadie- 
Hofstee plots of the results provided the apparent kinetic 
constants showed in Table 3A. GFB addition did not 
modify the apparent K,. value of cytochrome c (no 
significant differences with parallel lines test), but it did 
induce an increase in apparent Vm. values, from 1500 nmol/ 
min/mg in control to 2330 and 2960 nmol/min/mg in the 
presence of 2 and 5 m M G FB, respectively. 

When cytochrome c concentration was held constant and 
NADH concentration was changed, a different picture 
emerged (Table 3B). GFB addition produced an increase 
in the apparent V~n~ values, but the addition of 5 mM GFB 
also led to a significant increase in the apparent Km value 
with respect to the control (P < 0.05, parallel lines test). 

The hepatic microsomal electron transport chains are 
shown in Scheme 1. From the results, it seems reasonable 
to postulate that GFB interacts with the electron flow 
through cytochrome bs. With changing concentrations of 
cytochrome c there is a marked increase in apparent V ~  
with no modification of apparent K,, values. Thus, GFB 
seems to facilitate the transfer of electrons from reduced 
cytochrome bs to the artificial acceptor, cytochrome c. 
When cytochrome c concentration is fixed and NADH 
concentration varies, the overall situation is different, GFB 
producing a stimulation of NADH-cytochrome c reductase 
activity by increasing the apparent Vain of the reaction. 
However, there is a concomitant decrease in NADH 
affinity, shown by the elevation of the apparent K,, values, 

Table 2. Concentration dependent stimulation of NADH-  
cytochrome c reductase activity by GFB 

GFB 
(raM) Activity" % Stimulation 

0 800+_ 53 0 
0.5 957 +- 118 20 
1 1033 -+ 99 30 
1.5 1147 _+ 121 43 
2.5 1251 +_ 83 56 
5 1605 +_ 56 100 

* Values (umol/min/m8 microsomal protein) are means 
-+ SEM from three different experiments performed in 
duplicate. For each experiment, microsomes were obtained 
from two pooled rat livers. 

Table 3. Apparent cytochrome c and NADH kinetic 
constants from Eadie--Hofstee plots: effect of GFB addition 

Control 2 mM GFB 5 mM GFB 

(A) Apparent cytochrome c kinetic constants, 
[NADH] = 120 ~ !  

K,.* 18.4 21.7 19.3 
Vm,~" 1500 2330 2960 

(B) Apparent NADH kinetic constants, 
[cytochrome c] = 50/AM 

K,.* 5.9 7.4 10.9 
Vm, l" 1130 1470 1670 

* ~Ivi .  

1" nmol/min/mg microsomal protein. 

at least in the presence of 5 mM GFB. Indeed, at the 
lowest NADH concentrations tested (2.5, 5~M), the 
presence of 5 mM GFB did not modify the NADH-  
cytochrome c reductase activity but rather produced a 
slight inhibition. Given that NADH--cytochrome b5 
reductase activity is not affected by GFB addition at the 
concentrations used, the drug seems to hinder the flow of 
electrons from the flavoprotein to the cytochrome bs, 
although in the presence of cytochrome c this difficulty is 
overcome by the increase in electron flow from the 
hemoprotein to the artificial acceptor. Moreover, it would 
not be reasonable to ascribe the increase in electron flow 
to cytochrome c to a modification of the cytochrome c 
itself, given that NADPH--cytochrome c reductase activity, 
where electrons flow directly from the flavo- to the 
hemoprotein, is not affected by GFB addition. 

In vivo effects of clofibric acid derivatives on the 
components of hepatic microsomal electron transport 
chains have only been studied with CFB, showing a 
completely different behaviour, decreasing the NADH-  
cytochrome c reductase activity after the rats have been 
fed a diet containing 0.5% (w/w) of the drug, with no 
alteration of NADH--cytochrome b~ or cytochrome b5 levels 
[18]. Work is being done now in our laboratory to determine 
the in vivo effect of clofibric acid derivatives on the hepatic 
microsomal electron transport chains, in order to establish 
a possible relationship between the in vitro and in vivo 
results. 

In summary, the in vitro effect of clofibric acid derivatives 
(cloflbric acid, bezafibrate and gemflbrozil) on rat hepatic 
microsomal NADPH--cytochrome c reductase, NADH-  
cytochrome bs reductase and NADH-cytochrome c 
reductase has been studied. GFB produces a marked 
concentration-related stimulation of NADH--cytochrome c 
reductase activity, showing an Ecs0 of 9.5 mM and an Em~ 
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of 295% stimulation (0% control values). Kinetic data 
obtained in the presence of gemfibrozil indicate that this 
drug could act by enhancing the electron flow from 
cytochrome bs to cytochrome c and by inhibiting the 
electron flow from NADH to cytochrome bs. 
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