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Abstract-Na-clofibrate dissolved in drinking water was administered at a dose of 12mg per day 
per animal to adult male Wistar rats. After different periods of drug administration, measurement 
was made of the activity of hepatic acetyl-CoA carboxylase, fatty acid synthetase and both microsomal 
and mitochondrial fatty acid chain elongation systems. Data obtained indicate a significant reduction 
in all synthetic activities, with the exception of the mitochondrial, even after dialysis of the investigated 
subcellular fractions. This reduction was found to increase with increased drug-administration periods, 
reaching the maximum after 7-8 days. A similar effect was previously shown by clofibrate in oitro [7]. 
The present results indicate an increase of 66.4% in hepatic cyclic AMP level as well after seven 
days of drug feeding to rats. Similarly, both serum aspartate aminotransferase and alanine aminotrans- 
ferase activities were found to increase by about 30% after 13 days. The hypothesis is advanced that 
in uiuo clofibrate probably reduces the synthetic activities under investigation by firmly binding to 
active enzyme-protein sites. In addition, the possibility that also the altered cyclic AMP level induced 
by this drug is responsible for both the above reductions and other metabolic variations reported 
elsewhere should not be excluded. 

Clofibrate has been widely used to lower human 
plasma lipid levels [l-3]. To date, however, its action 
mechanism as hypolipidaemic agent has not been 
completely clarified. Many reports have shown this 
drug to affect a number of lipogenic enzymes both 
in uioo and in vitro [46]. Recent evidence has been 
obtained in our laboratory that in vitro clofibrate 
strongly reduces fatty acid chain elongation synthesis 
by rat liver microsomes [7j. Other authors have 
shown this drug to produce a variety of further meta- 
bolic variations in addition to lipid metabo- 
lism [S-l 11. Among several postulated mechanisms, 
Green et al. [12] have suggested the lipid-lowering 
action of clofibrate as due to its inhibition of adeny- 
late cyclase activity. 

The present paper indicates that in clofibrate-fed 
rats a notable reduction occurs not only in fatty acid 
synthetase and acetyl-CoA carboxylase, but in hepatic 
microsomal fatty acid chain elongation synthesis as 
well. In addition, a significant increase has been 
observed in the liver cyclic 3’,5’-adenosilie monophos- 
phate level of such animals. Discussion is made of 
the possible bimodal clofibrate action mechanism 
through direct action on enzyme-protein and im- 
paired cyclic AMP concentration. 

MATERIALS AND METHODS 

Animals. Adult male Wistar rats weighing 
200-25Og received normal diet with free access to 
food and water until killed. The treated animals 
received Na-clofibrate dissolved in drinking water 
(0.03% w/v). Since each rat drank an average of 40 ml 
water per day, the drug dosage was assumed to be 
12 mg per day per animal. After the indicated period, the 

rats were killed by decapitation and liver subcellular 
fractions prepared as explained elsewhere [7]. Where 
indicated, the obtained subcellular fractions dissolved 
in 0.25 M sucrose were used either as such or after 
dialysis against a volume of 0.33 M sucrose 70 times 
higher, containing 3 mM dithiothreitol and 0.7 mg/ml 
bovine serum albumin. Duration of dialysis was 6 hr 
at 4”. Protein was determined according to Gornall 
et al. [13]. 

Incubation conditions. In order to test fatty acid 
synthetic capacity by cell sap or microsomes, incuba- 
tion was carried out in air for 10min at 37” in glass 
tube in a Dubnoff incubator. The reaction mixture 
(final vol., 1 ml) contained: 50/.1M [1,3-14C]malonyl- 
CoA (specific activity, 4 &i/flmole), 20 PM acetyl- 
CoA, 1 mM NADH, 1 mM NADPH, 10mM /3-mer- 
captoethanol, 10 mM MgCl*, 1 mM ATP, 80 mM 
Tris-HCl buffer (pH 7.4) and 40mM sucrose. In the 
presence of the soluble fraction, ATP and NADH 
were omitted from the reaction mixture. 

The incubation mixture for measuring the activity 
of mitochondrial chain elongation of fatty acid; made 
up to 1 ml contained 45 PM [1-14C]acetyl-CoA (spe- 
cific activity, 2.2 &i/pmole), 10 mM /?-mercaptoeth- 
anal, 0.5 mM NADH, 0.5 mM NADPH, 30mM 
phosphate buffer (pH 6.5), 2 mM MnC12, 4 mM ATP 
and 50mM sucrose. The reaction was carried out 
under N2 for 10min at 37”. Mitochondria were dis- 
rupted by freezing and thawing prior to use. At the 
end of incubation, the reaction was stopped by the 
addition of 0.7ml 10N KOH. After saponification, 
fatty acids were extracted and total radioactivity was 
measured as previously reported [ 141. 

The activity of acetyl-CoA carboxylase was 
measured as described in ref. 14. 
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Table 1. Hepatic acetyl-CoA carboxylase activity at different periods in clofibrate-fed rats 

Crude cell sap 

Animals 

Activity 
Duration of feeding (nmoles [l-14C~malon~l-CoA Inhibition 

(days) form~d/mi~/mg protein) &J 

Control - 0.61 + 0.08 - 
Clofrbrate-fed rats I 0.55 * 0.07 10 
Clofibrate-fed rats 2 0.52 Jr 0.07 15 
Clofibrate-fed rats 7 0.27 f 0.04 56 
Clofibtate-fed rats 13 0.26 _t 0.03 57 

Ammonium suiphate precipitated cell sap 

Rats fed the stock diet with Na-clo~brate (0.03% w/v) administers in drinking water 
for the time indicated. Results relative to crude cell sap the average of 4 animals & standard 
deviation (SD.); those relative to ~monium sulpbate precipitated cell sap (salt conwn- 
tration, 0.4stn.) the mean of 3 animals 5 standard deviation (SD.). In both cases protein 
concentration 6.5 mg. 

~~zym~t~c analysis. The aspartate ~~n~transf~r~e 
(EC 2.6.1.1) and alanine aminotransferase (EC 2.6.1.2) 
activities in rat serum were assayed colorimet~~ily 
according to Bergmeyer and l3emt [t SJ. 

Cyclic AMP assay. Rat liver biopsies (50 to 
~~rng~ ob~ined under urethane anesthesia after 
1 min liver perfusion with 10 ml of 0.9% (w/v) NaCl 
solution to eliminate impregnating blood and thus 
avoid interferen~s, were rapidly i~ersed in liquid 
nitrogen and cooled to - 1%“. Tissue samples were 
drawn by freezing in situ with clamps previously 
cooled in the same environment. The tissue was 
stored in liquid nitrogen until assayed, then powdered 
in a liquid nitrogen-cools stainless steel mortar, 
weighed and transferred to a glass homogenizer tube. 
The above operation was performed at -20“. Homo- 
genization was carried out in the presence of 1Sml 
of ice cold IO”/, (w/v) trichloroacetic acid. The h.omo- 
genate was left at 0” far 10min before being centri- 
fuged for X5 min at 28,000 g at 5”. The supernatant 
solution was extracted four times with Svoi. cold 
diethyiether saturated with acidic I&O and the 
extracts heated in boiling water for 3-5 min until the 
odor of ether was no longer discernible. Cyclic AMP 
was then determined in the extracts according to the 
Gilman protein birding method [16]. 

RESULTS AND DKXUSSION 

Table 1 describes the activity of acetyl-CoA car- 
boxylase as measured in liver cell sap from clofibrate- 
fed rats. It appears to be differently reduced depend- 
ing on the length of time the animals received the 
drug. In fact, after 2 days the reduction is equaf to 
15% while after 7 days it reaches 56% and shows 
no further change after longer treatment periods. The 
same ~haviour is exhibits by carboxylase when 
~rno~~urn sulphate precjpitated cell sap is used as 
the enzyme source. These data confirm previous in 
vitro observations [7] according to which some direct 
interferen~ is made by dofibrate on acetyl-CoA ear- 
boxylase [ 173. 

When the incorporation of [l,3-~4C~ma~onyI-CoA 
into fatty acids by liver cell sap from clofibrate- 
treated rats is studied, a significant inhibition is 
already evident after 1 day of drug administration 
(Table 2). This reduction remains at values of about 
4Q per cent from the f&h day onwards. As in vitro 
clofibrate has also been reported to reduce de now 
fatty acid sy~th~is [6,7,18,19] by about the same 
amount, cell sap was dialyze prior to incubation 
with ~l,3~‘4C]malonyl~oA. Since the dialyzed frac- 
tion exhibits essentially the same reduced activity as 

Table 2. ERect of clofibrate feeding on soluble fatty acid synthetase in rat liver 

Animals 

Activity 
(nmoles [l,3”14C]malonyl-CoA in- 

corporated into fatty acids/min/ Inhibition 
Duration of feeding mg protein) (%) 

(days) Wndialyzed Dialyzed Undialyzed Dialyzed 

Control - - -- 2.54 f 0.31 2.08 I 0.27 
Clofibrate-fed rats : 1.91 rf: 0.24 N.M. 25 N.M. 
Clofibrate-fed rats 1.78 * 0.15 N.M. 30 N.M. 
Clofibrate-fed rats 5 1.50 10.16 1.19 f 0.13 41 43 
Clofibrate-fed rats 8 1.35 f 0.16 1.06 f 0.11 47 49 
Clofibrate-fed rats 13 1.40 f 0.12 0.87 rt: 0.10 45 58 

Rats treated as indicated in Table 1 were used. Results the average of 4 animals + standard deviation (SD.). Protein, 
0.5 mg. N.M. = not measured. Cell sap dialyzed as described in Materials and Methods. 



Hepatic microsomal fatty acid chain elongation synthesis 

Table 3. Effect of clofibrate feeding on microsomal fatty acid chain elongation synthesis in rat liver 
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Animals 

Activity 
(nmoles [ 1,3-“‘C]malonyl-CoA in- 

corporated into fatty acids/min/ Inhibition 
mg protein) (%) 

Duration of feeding 
(days) Undialyzed Dialyzed Undialyzed Dialyzed 

Control 0.53 &- 0.06 0.54 * 0.05 
Clofibrate-fed rats I 0.50 f 0.06 N.M. 6 N.M. 
Clofibrate-fed rats 2 0.41 + 0.05 N.M. 23 N.M. 
Clofibrate-fed rats 5 0.37 f 0.04 0.35 f 0.03 30 35 
Clofibrate-fed rats 8 0.31 + 0.02 0.33 f 0.02 41 39 
Clofibrate-fed rats 14 0.28 f 0.03 0.26 + 0.02 41 52 

Rats treated as described in Table I for the time indicated. Results the average of 5 animals f standard deviation 
(SD.). Protein, 1.0 mg. N.M. = not measured. Microsomes dialyzed as described in Materials and Methods. 

the undialyzed one, we may affirm that this is not 
due to simple drug-binding with enzyme-protein but 
that probably some active site of fatty acid synthetase 
is firmly tied to the drug. That this is the case is 
shown by the results of Table 3, which compare the 
activity of the fatty acid chain elongation system of 
undialyzed and dialyzed microsomes from clofibrate- 
treated rats. It is evident that in both cases a similarly 
reduced incorporation is shown after different drug- 
feeding periods. Based on the previous observation 
of competitive inhibition by clofibrate with substrate 
malonyl-CoA by the rat liver microsomal chain elon- 
gation system [7], it is possible that this drug in uivo 
inhibits fatty acid synthesis both by altering the con- 
formation of acetyl-CoA carboxylase (cf. refs 17 and 
20) and by blocking active groups of soluble fatty 
acid synthetase and microsomal system. However as 
clofibrate has been shown to decrease fatty acid es- 
terification into glycerolipid with a consequent in- 
crease of the former in free form [S, 21,221, the above 
reduce synthetic capacity could also be due to a 
higher amount of free fatty acids, known inhibitors 
of several metabolic activities [23-2.51, in the subcellu- 
lar fractions under investigation. 

In line with the activity measured in vitro by the 
mitochondrial fatty acid chain elongation system in 
the presence of clofibrate [7], Table 4 shows that 
[l-t4C]acetyl-CoA incorporation into fatty acids 
remains unaffected in mitochondria from drug-treated 
animals as well. 

From Table 5 it is evident that following clofibrate 
administration periods of longer than 8 days, both 
serum aspartate aminotransferase and alanine amino- 

transferase are increased by about 30 per cent, thus 
indicating that this drug gives rise to some hepatic 
derangement as previously shown by a number of 
reports [26-28-j. 

Clofibrate has been reported to produce a variety 
of hepatic metabolic alterations [4-6,8-11,29-311. 
We have tried to verify whether these can be due 
to change in cyclic AMP level. Table 6 shows that 
after 7 days of drug-administration to rats, an in- 
crease of 66.4 per cent in this cyclic nucleotide con- 
centration in liver is evident. A similar increase 
already occurs after 6 days of treatment with no 
change seen until the 14th day. Analogous behaviour 
was also in evidence for blood cyclic AMP level in 
clofibrate-treated rats. At the moment it is difficult 
to explain this discrepancy with the data of Green 
et al. [12]. Probably this is due to diet difference, 
since the animals they used were fed a high sucrose 
diet. In fact, it has been observed that while in these 
rats the basal insulin level was decreased by clofi- 
brate [32], in normally fed humans the concentrations 
of this hormone are not changed by the drug [33]. 
In addition, our data are consistent with the observa- 
tion that in liver an increased concentration of certain 
enzymes is induced by clofibrate [34,35-J, thus 
accounting for both the increased oxidation [36,37] 
and enhanced rat liver microsomal hydroxylation in- 
volved in bile acid formation [38]. Indeed, the in- 
creased concentration of hepatic cyclic AMP level 
caused by clofibrate could justify all these results, 
since it has recently been proposed that this cyclic 
nucleotide is capable of selectively stimulating the 
synthesis or induction of a number of enzymes. 

Table 4. Rate of mitochondrial fatty acid chain elongation synthesis from liver of clofibrate- 
fed rats 

Activity 
(nmoles [l-r4C]acetyl-CoA 

Duration of feeding incorporated into fatty acids/ Inhibition 
Animals (days) min/mg protein) (%) 

Control 0.18 + 0.03 
Clofibrate-fed rats I 0.18 k 0.03 - 
Clofibrate-fed rats 2 0.18 _+ 0.02 - 
Clofibrate-fed rats 5 u.17 f 0.02 6 
Clofibrate-fed rats 8 0.16 f 0.01 11 
Clofibrate-fed rats 13 0. I6 f 0.01 11 

Rats treated as described in Table 1 for the time indicated. Results the average of 5 
animals + standard deviation (S.D.). Protein. 0.8 mg. 
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Table 5. Rat serum aspartate aminotransferase (GOT) and alanine arninotransferase (GPT) activities after various time 
intervals of clofibrate feeding 

Animals 
Duration of feeding GOT Increase 

(days) (mU/ml) (%) 
Increase 

(%) 

Control - 135 _e 27 - 21 +5 - 
Ciofibrate-fed rats : 134 + 30 - 20 f 4 - 
Clofibrate-fed rats 136 _+ 29 - 21 +5 - 
Ciofibratefed rats 3 142 + 25 5 22 + 6 6 
Clofibrate-fed rats 9 166 It 33 23 21 f 5 28 
Ciofibrate-fed rats 13 174 & 38 29 28 k 8 31 

Rats treated as described in Table 1 for the indicated time. Results the average of 8 animals + standard deviation 
(SD.). Enzymatic activity expressed in International Units. 

Table 6. The effect of clofibrate administration on rat liver 13. A. G. Gornali, C. J. Bardawill and M. M. David, J. 
cyclic AMP level biol. Chem. 177, 751 (1949). 

14. E. Quagiiarielio, C. Landriscina and P. Corateiii, Bio- 
Cyclic AMP Increase chim. biophys. Acta 164, 12 (1968). 

Animals (pmoles/g wet tissue) (%I 15. H. U. Bergmeyer and E. Bernt, in Methods of Enzyma- 
tic Analysis (Ed. H. U. Bergmeyer) p. 842. Academic 

Control 715 * 139 - Press, New York (1963). 
Clofibrate-fed rats 1190 + 304 66.4 16. A. G. Giiman, Proc. natn. Acud. Sci. U.S.A. 67, 305 

(1970). 
Rats received Na-clofibrate as described in Table I for 17. M. E. Maragoudakis and H. Hankin, J. biaf. Chem. 

7 days. Results the mean of twelve rats i standard devi- 246, 348 (1971). 
ation IS.D.t. 18. R. J. Olson, T. E. Trumble and W. Gamble, Biochem. . I 

J. 142, 455 (1974). 

Lastly, we wish to add that the suggestion that clofi- 
19. M. D. Greenspan, J. 1. Germershausen and R. 

brate in yiuo could inhibit hepatic fatty acid synthesis 
Mackom, Biochim. biophys. Acta 380, 190 (1975). 

by increasing cyclic AMP level is supported by pre- 
20. M. E. Maragoudakis, H. Hankin and J. M. Wasvary, 

J. biol. Chem. 247. 342 (19721. 
vious reports according to which this nucieotide 21. R. G. Lamb, P. k. Hiil a&i H. J. Falion, J. Lipid 
reduces lipogenesis by acting on several levels Res. 14, 459 (1973). 
[3Wl]. 22. M. E. Laker and P. A. Mayes, &o&em. Sot. Trans. 

A~temativeIy the possibility that ciofibrate could m- 4, 714 (1976). 

crease hepatic cyclic AMP level, thus accounting for 23. A. G. Goodridge, J. biol. Chem. 248, 1924 (1973). 

many of its effects, is in full agreement with the recent 
24. M. Sumper, Eur. J. Biochem. 49, 469 (1974). 

proposal of Gamble[42] that this drug may act 
25. K. Kitajiana, S. Tashiro and S. Numa, Eur. J. Biochem. 

through the alteration of ATP level. 
54, 373 (1975). 

26. M. M. Best and C. H. Duncan, J. tab. Cfin. Med. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
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