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Abstract-The effects of in vivo administration of six hypolipidemic drugs on rat liver glutathione S- 
transferase activity were compared. This activity was measured with sulfobromophthalein (BSP), 1,2- 
dichloro-4-nitrobenzene (DCNB) or 1-chloro-2,4-dinitrobenzene (CDNB) as substrate. Except for the 
nicotinic acid derivative ethanolamine oxiniacate, all the compounds tested significantly reduced it, 
whether or not they were related to clofibrate. The hepatic glutathione concentration either remained 
unchanged or only increased slightly after treatment with the various drugs. When measured, the 
maximal excretion rate of bile BSP dropped significantly, but not that of phenol-3,6-dibromophthalein 
(DBSP). Hepatic dye uptake and storage were not impaired. These results show that hypolipidemic 
drugs of the peroxisome proliferator type inhibit rat liver glutathione S-transferase activity and may 
reduce transport of anions conjugated with glutathione before excretion. 

The therapeutic class of hypolipidemic agents com- 
prises compounds with various chemical structures, 
some of which are related to the structure of the 
reference clofibrate. Their mechanism of action has 
not yet been fully established even though several of 
their effects on lipid metabolism have been charac- 
terized. In addition to their hypolipidemic proper- 
ties, these agents have been shown to produce, in 
rodents, an increase in liver weight and in the rough 
endoplasmic reticulum [l, 21, as well as alterations 
in mitochondria and microbodies [3-6]. According 
to certain reports [7,8], the activities of several 
enzymes not involved in lipid metabolism are 
modified by clofibrate. For instance, bilirubin metab- 
olism is favourably influenced by this drug, since 
induction of hepatic glucuronidation enhances the 
rate of plasma bilirubin disappearance in rats [8] and 
in man [9, lo]. In contrast to these effects, clofibrate 
reduces the biliary excretion of sulfobromophthalein 
(BSP) both in rats [ll] and in patients with Gilbert’s 
syndrome [9]. We recently showed in rats that the 
maximal excretion rate of bile phenol-3,6-dibromo- 
phthalein (DBSP) which is not biotransformed 
before excretion did not change after clofibrate treat- 
ment. The hepatic conjugation of BSP with gluta- 
thione (GSH) was reduced both in vivo and in vitro. 
These results suggested that clofibrate might reduce 
the hepatobiliary transport of BSP by lowering glu- 
tathione S-transferase activity in the liver [12]. 

Since hypolipidemic agents are widely used, we 
wondered whether inhibition of glutathione S-trans- 
ferase activity was a property common to all these 
agents, and therefore tested a series of hypolipidemic 
drugs for their effects on BSP conjugation and trans- 
port by the liver. 

* To whom reprint requests should be addressed. 

MATERIALSANDMETHODS 

Chemicals. BSP, 5-5’-dithiobis-(2-nitrobenzoic 
acid), 1-chloro-2,4_dinitrobenzene (CDNB) and 
GSH were purchased from Sigma Chemical Co (St 
Louis, MO). 1,2-Dichloro-4nitrobenzene (DCNB) 
was obtained from Aldrich Chemical Co. (Belgium); 
DBSP was from SERB (France). Clofibride, feno- 
fibrate, nafenopin, tibric acid, tiadenol and eth- 
anolamine oxiniacate were respectively gifts from 
Fournier F&es (Gennevilliers, France), Fournier 
(Dijon, France), Ciba-Geigy (Basel, Switzerland), 
Pfizer (Orsay, France), Lafon (Maisons-Alfort, 
France) and Astra France (Nanterre, France). 

Animals. Male Sprague-Dawley rats (220-250 g) 
(Charles River, France), fed with UAR standard 
chow, were given a daily i.p. injection for 10 days of 
one of the following: clofibride (20mf.lOOg body 
wt-‘), fenofibrate (5 mg.lOO g body wt- ), nafenopin 
(lOmg.lOOg body wt-‘), tibric acid (20mg.lOOg 
body wt-‘), tiadenol (20 mg.lOO g body wt-‘) or 
ethanolamine oxiniacate (50 mg.lOO g body wt-‘). 
Compounds were injected in ethanol-propylenglycol 
(1:9). Paired control rats received the vehicle for 10 
days. All experiments were performed 24 hr after 
the last drug dose. 

GSH-conjugating activity in vitro. Livers were 
removed and perfused with ice-cold 0.9% saline and 
cytosols were obtained by two successive centri- 
fugations (10,OOOg for 10 min and 100,OOOg for 
60 min) from homogenates (20%) w/v) prepared in 
buffer containing 0.001 M EDTA, 0.03 M sodium 
phosphate and 0.25 M sucrose (pH 7.4). Specimens 
were stored at - 18” when not used immediately. The 
protein concentration in the cytosol was determined 
by the method of Lowry et al. [13]. 

GSH S-transferase activity was determined using 
BSP [14], 1,2-dichloro-4-nitrobenzene (DCNB) or 
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I-chloro-2.4-dinitrobenzene (CDNB) [15] as sub- 
strate. All these enzyme assays were run under con- 
ditions of maximal initial velocity and were linear 
with time and the protein concentration. 

Liver GSH was estimated according to Ellman 

]161. 
Biliary transport capacity and hepatic dye storage. 

Rats were infused intravenously for 60min with 
215 nmol.min-l.lOO g body w-t of either BSP or 
DBSP after a priming dose of 2.15 pmol.lOOg 
body wt- l, as previously described [ 111. Blood and 
bile samples were collected at lo-min intervals during 
the infusion. T,,, (transport maximum) was calculated 
from the concentration of dye measured in the bile 
samples between the 30th and 60th min of infusion. 
Hepatic dye storage was directly estimated by deter- 
mining the dye content of the liver, which was 
removed at the end of the experiments. Bile volume, 
the bile and plasma concentrations of BSP and 
DBSP, and liver dye content were determined as 
previously reported [ 121. 

Statistical analysis. The data were compared by 
analysis of variance. When this analysis indicated a 
significant difference, the means were compared by 
Student’s t-test. Multiple comparisons between sev- 
eral experimental groups and one control group were 
made using Scheffe’s test. 

RESULTS 

Except for ethanolamine oxiniacate, in uiuo 
administration to rats of all the hypolipidemic drugs 
tested significantly reduced the activity of liver gluta- 
thione S-transferase (Table 1). The structures of 
these drugs are shown in Fig. 1. Clofibric acid is 
included because it is the active metabolite of clo- 
fibrate and clofibride. As this figure shows, feno- 
fibrate and nafenopin are structurally related to clo- 
fibrate, whilst tibric acid, tiadenol and ethanolamine 
oxiniacate are not. 

With each of three substrates used, specific liver 
glutathione S-transferase activity dropped by 17- 
44%) depending on the compound tested. The con- 
centration of glutathione, the co-substrate of the 

, reaction, either remained unchanged or rose slightly. 
When results were expressed on a whole liver basis, 
they were different, since, as expected, some of the 
drugs produced significant liver enlargement. Thus, 
only one of the six drugs-clofibride-reduced total 
glutathione S-transferase activity, and ethanolamine 
oxiniacate slightly raised it. On the other hand, total 
GSH content was greatly enhanced by fenofibrate, 
tibric acid, tiadenol and nafenopin, the latter even 
doubled this content. Similar observations were 
made for cytosolic proteins (Fig. 2). Despite the 
above results, maximal biliary BSP excretion (T,,,) 
diminished by about 20% in rats treated with clofi- 
bride, fenofibrate or tiadenol (Table 2). Basal bile 
flow was raised by clofibride and fenofibrate, but at 
T, there was no difference in this respect between 
control and treated rats. Analysis of the bile obtained 
between the 30th and 60th minutes of BSP perfusion 
(i.e. at T,,,) indicated that in the treated animals, the 
concentrations of total and conjugated BSP dimin- 
ished. Therefore the contribution to T,,, of con- 
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Fig. 1. Structure of the six hypolipidemic compounds stud- 
ied, compared to that of clofibric acid. 

jugated BSP decreased, a change accompanied by a 
concomitant rise in hepatic BSP (Table 3). 

In line with these overall results, the maximal 
biliary excretion of DBSP, which is not conjugated 
prior to its excretion in rats, was not reduced by 
treatment with clofibride, fenofibrate or tiadenol 
(data not shown). 

DISCUSSION 

In the present work we investigated the inhibitory 
effect of a series of hypolipidemic drugs on liver 
glutathione S-transferase activity. Except for eth- 
anolamine oxiniacate, all the drugs tested greatly 
inhibited this activity, whether or not they were 
chemically related to clofibrate. The mechanism of 
action of hypolipidemic drugs is still uncertain. How- 
ever, in the rat, several of them have been shown 
to induce hepatomegaly associated with peroxisome 
proliferation and a rise in the activity of certain lipid 
metabolizing enzymes [4,6, 17, 181. Nicotinic acid 
belongs to a different class of hypolipidemic drugs 
and is thought to act mainly by inhibiting peripheral 
lipolysis; it does not produce hepatomegaly or 
peroxisome proliferation [ 191. We therefore chose 
to study five hypolipidemic agents of the peroxisome 
proliferator type and one derivative of nicotinic acid. 

In previous studies [20] we demonstrated that the 
peroxisome proliferators tested here, like clofibrate 
and nafenopin [21,22], raised the hepatic con- 
centration of Z protein, also known as fatty acid 
binding protein (FABP), whereas the nicotinic acid 
derivative did not. Fleischner et al. [22] have shown 
that induction of Z protein by the hypolipidemic 
agents clofibrate and nafenopin was accompanied by 
a decrease in ligandin. Ligandin, first identified as a 
bilirubin and sulfobromophthalein-binding protein 
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lit proteins, glutathione and BSP gluta- 
thione S-transferase activity in rat livers after i.p. adminis- 
tration for 10 days of various hypolipidemic drugs (C: 
Control, CL: Clofibride, Fe: Fenofibrate, Na: Nafenopin, 
Ta: Tibric acid, Ti: Tiadenol, Eo: Ethanolamine oxinia- 
cate). Drug doses are identical with those given in Table 
1. Values are means 2 S.E.M. for eight rats. * Significantly 

different from control rats, P < 0.05. 
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[23], is also recognized as a glutathione S-transferaae 
[24,25]. Although recent findings showed firstly, that 
ligandin (subunit YaYa) and glutathione S-trans- 
ferase B (subunit YaYc) are two different proteins 
[26], and secondly, that unlike transferases A and C 
possessing Yb or Yb’ subunits they have negligible 
activity towards BSP [27]. administration of clo- 
fibrate to rats reduced the capacity of the liver to 
conjugate BSP with glutathione [12]. The results for 
clofibrate and the other compounds tested in this 
study show that specific cytosolic enzyme activity was 
similarly inhibited with BSP. DCNB and CDNB, 
indicating that the activity of most of the transferases 
was reduced, since CDNB is a substrate for trans- 
ferases A, AA, B, C and ligandin [27]. 

Expressed per total liver. glutathione conjugating 
activity was not different from control activity. 
except in the rats treated with clofibride. As Fig. 2 
shows, total cytosolic proteins were greatly increased 
by some of the drugs, so that the inhibition of gluta- 
thione S-transferase activity by these drugs might 
have been masked by their general effect on the 
proteins, as glutathione S-transferases only account 
for 5% of cytosolic proteins [28]. This is why we 
studied the physiological effects of three hypo- 
lipidemic drugs on liver transport of BSP and its 
analogue, DBSP: clofibride, whose active metabolite 
is clofibric acid; fenofibrate, a compound related 
to clofibrate, and tiadenol which is not related to 
clofibrate; fenofibrate and tiadenol produced huge 
liver enlargement, so that, as already mentioned, 
BSP glutathione S-transferase activity. expressed per 
whole liver, did not change compared to control 
activity. Nevertheless, a reduction in maximal bile 
excretion of BSP was observed with all three drugs, 
concomitantly with a reduction in conjugated bile 
BSP and with an accumulation of liver BSP. In 
contrast, the rate of excretion of bile DBSP was 
identical in treated and control animals. Conse- 
quently, as previously shown for clofibrate [ 121, dye 
uptake and storage were not impaired by clofibride. 
fenofibrate or tiadenol. These findings do not exclude 
a reduction in the capacity of the glutathione S- 
conjugate transport system in the liver, either by 
some direct effect of hypolipidemic drugs [29] or by 
a competition between conjugated and unconjugated 
BSP, as demonstrated earlier [30, 311. 

In line with our present observations, Awasthi et 
al. [32], who used ciprofibrate, another hypo- 
lipidemic agent which is a peroxisome proliferator 
and is related to clofibrate, showed that glutathione 
S-transferase activity in rat liver was inhibited in uiuo 
and in vitro by this drug. Their studies with purified 
glutathione S-transferases indicated that the dif- 
ferent forms and subunits of these enzymes were 
inhibited by ciprofibrate with CDNB as substrate. 
Although the inhibition was not competitive towards 
the first reaction substrate, it was found to be com- 
petitive with the second, i.e. glutathione. Awasthi et 
al. [32] concluded that ciprofibrate caused irre- 
versible inhibition of glutathione S-transferases. This 
conclusion is not totally consistent with ours, since 
we previously demonstrated with clofibrate [12] that 
inhibition occurred after at least two daily doses, and 
that the effect of clofibrate lasted for four days after 
cessation of treatment. In addition, the reduced BSP- 
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Table 3. Effect of pretreatment of rats with clofibride, fenofibrate or tiadenol on biliary excretion 
of conjugated and unconjugated BSP and on liver dye storage 

Maximal biliary excretion 
(pg BSP.min-I.100 g body wtt’) 
Conjugated Unconjugated 

Liver content 
(mg BSP.total liver-‘) 

Control 119 ” 5 142 1 11.2 * 0.7 
Clofibride 95 2 4* 15 2 1 15.8 t 0.7t 

Control 84 f 3 14 t 1 14.9 + 0.8 
Fenofibrate [;I 62 + 5* 12 * 1 18.7 ? 0.51 

Control 105 t 5 13 * 1 14.1 2 0.7 
Tiadenol 83 2 4* 122 1 18.8 * 0.3t 

After a priming dose of 2.15 prnol.100 g body wt-r, BSP was perfused for 60 min at a rate of 
215 nmol.min-l.100 g body wt-’ in rats previously treated i.p. for 10 days with a daily dose of 
20 mg.lOO g body wt-’ clofibride or tiadenol, or of 5 mg.100 g body wt-’ fenotibrate, and in 
control rats. Number of animals is indicated in parentheses. Results are means t S.E.M. 
*P < 0.01; tP < 0.001. 

glutathione conjugating activity in clofibrate-treated 
rats was mainly due to a decline in the apparent V,,, 
for both substrates. Consequently, although Awasthi 
et al. clearly showed the inhibitory effect of cipro- 
fibrate in vitro in the millimolar range of con- 
centrations, we believe that the reduced glutathione 
conjugating activity in the liver is more likely to be 
due to a reduction in the amount of enzyme, for 
three reasons: firstly, previous results showed that 
there was no accumulation of clofibrate in vivo, even 
after several days of treatment [33], so that the 
hepatic concentration of clofibrate was presumably 
too low to interfere with the activity of the gluta- 
thione S-transferases; secondly, no inhibition was 
detectable 1, 2, 6 or 24 hr after injection of a single 
dose of either 20 mg.lOO g body wt-’ clofibrate [12] 
or 20 mg.lOO g body wt-’ nafenopin (personal obser- 
vations), and thirdly, treatment with the hypo- 
lipidemic drug Wy-14,643, which is a peroxisome 
proliferator, caused both increase and decrease in 
the hepatic concentrations of several mRNA species 
coding for peroxisomal and non-peroxisomal pro- 
teins [34]. Among the species whose concentrations 
fell significantly were those coding for two proteins 
with molecular weights of 24,000 and 25,000 respect- 
ively. Although they have not been identified, they 
might well be the Yb and Yc subunits of glutathione 
S-transferase (respective molecular weights: 23,500 
and 25,000) [35,36]. In that case, the increase in Z 
protein might be balanced by a decrease in gluta- 
thione S-transferases. 

In vivo, inhibition of glutathione S-transferase 
activity has also been shown with phenoxyacid herbi- 
cides [37], which are also peroxisome proliferators 
[38]. This last observation raises the possibility that 
a relationship exists, on the one hand, between the 
inhibitory effect on glutathione S-transferase activity 
of the hypolipidemic drugs of the peroxisome pro- 
liferator type, and on the other, the peroxisome 
proliferation caused by these drugs. Other com- 
pounds such as acetylsalicylic acid [39] and phthalates 
[40] have also been shown to cause similar prolifer- 
ation. There is probably a link between the peroxi- 
some proliferating effect and the enhancement of 
hepatic Z protein in the case of several drugs, includ- 
ing tiadenol, clofibric acid and acetylsalicylic acid 

[41]. Lastly, it is difficult to define the relationship 
between the structure of hypolipidemic drugs and 
their inhibition of glutathione S-transferase activity, 
since both aryloxic acid derivatives and compounds 
not related to them, such as tiadenol, produce similar 
effects. 

In conclusion, hypolipidemic drugs of the peroxi- 
some proliferator type inhibit liver glutathione S- 
transferase activity in rats, and may reduce hepatic 
transport of anions conjugated with glutathione 
before excretion. These findings might also apply to 
other species, especially man, since some degree of 
peroxisome proliferation was recently shown to 
occur in the liver of patients taking clofibric acid [42]. 
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