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Clofibrate elevates enzyme activities of the
tricarboxylic acid cycle in rat liver

Christiane Prager,! Hans J. Schén, Mariam Nikfardjam, Daniela Schmid, Mario
Untersalmberger, Karl Kremser, and Robert Kramar

Department of Medical Chemistry, University of Vienna, Wachringer Strasse 10, A-1090 Vienna, Austria

Abstract Activities of the tricarboxylic acid cycle enzymes
were measured in subcellular fractions of liver from rats that had
been fed clofibrate for 3 weeks. Large changes in these activities
per gram tissue were found in the large particle fraction, which
also showed an increase in total protein concentration of 76%
under clofibrate treatment. The three regulatory enzymes of the
cycle, namely citrate synthase, NAD*-linked isocitrate dehydro-
genase, and 2-oxoglutarate dehydrogenase were significantly en-
hanced by 24% (P < 0.02), 54% (P < 0.02), and 153%
(P < 0.005), respectively. Fumarase and malate dehydrogenase
rose by 71% (P < 0.005) and 95% (P < 0.02), whereas suc-
cinate dehydrogenase remained unchanged. B Enhancement
of the citrate synthase, NAD-isocitrate dehydrogenase, and
2-oxoglutarate dehydrogenase may play a role in decreasing in-
tracellular availability of acetyl-CoA for lipid metabolism.—
Prager, C., H. J. Schén, M. Nikfardjam, D. Schmid, M.
Untersalmberger, K. Kremser, and R. Kramar. Clofibrate ele-
vates enzyme activities of the tricarboxylic acid cycle in rat liver.
J- Lipid Res. 1993. 34: 359-364.
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Patients on a therapeutic regimen with clofibrate (ethyl
2-(4-chlorophenoxy)-2-methylpropionate) show an in-
crease of liver mitochondrial and peroxisomal volumes by
34% and 23% (1). Rodents treated with high doses of
clofibrate show an increase of peroxisomal volume by
450% (2), whereas the mitochondrial volume rises to a
similar extent as in humans treated with therapeutic doses
(3). This enhancement in mitochondrial volume is accom-
panied by increased matrical density (4). Activities of
glycerol-3-phosphate  dehydrogenase (G3-PDH) (5),
which controls the dihydroxyacetone phosphate/glycerol
phosphate ratio as well as the regulatory enzyme NAD-
isocitrate dehydrogenase (NAD-ICDH) (6) are induced
by clofibrate.

Certain systemic effects of clofibrate and related
fibrates are presumably relevant to their pharmacological
action, as they enhance lipoprotein lipase activity in blood
(7), skeletal muscle (8), and in adipose tissue (9). This
effect leads to increased clearance of triglycerides from

plasma. In addition clofibrate lowers lipoprotein release
from the liver (10).

Clofibrate-induced changes in hepatic lipid metabolism
are also observed. The activity levels of carnitine
palmitoyl transferase (11) and carnitine acetyl transferase
(12) are elevated by clofibrate. While cholesterol bio-
synthesis is inhibited by clofibrate in liver slices (13),
fatty acid B-oxidation is stimulated in mitochondria as
well as in peroxisomes (14) thereby raising the acetyl-CoA
production in liver. The increased amount of acetyl-CoA
groups is presumably distributed to a similar extent over
ketogenesis and the tricarboxylic acid cycle (TCAC).
Clofibrate has been demonstrated to augment ketogenesis
from fatty acids in rat liver mitochondria (15). But the
CO, formation is also nearly doubled, which shows the
importance of TCAC in dealing with the higher acetyl
supply (16).

The respiratory capacity of clofibrate-treated
mitochondria can keep pace with an increased acetyl-CoA
utilization in TCAC. When TCAC substrates are used,
the active (state 4) respiration expressed as oxygen uptake
per mg mitochondrial protein in the presence of ADP
does not change. The respiration rises proportionally to
the mitochondrial protein (17).

The TCAC plays a crucial role not only in the degrada-
tion of acetyl-CoA but also in providing precursors and/or
activators for lipid synthesis, gluconeogenesis, and amino
acid synthesis. The flux through the cycle metabolon (18,
19) is adjusted to respiratory and metabolic needs by the
redox potential of the NAD*/NADH couple, the concen-

Abbreviations: PNS, postnuclear supernatant; LP, large particle; S,
supernatant; CS, citrate synthase; NAD*-ICDH, NAD*-linked isocitrate
dehydrogenase; 2-OGDH, NAD*-dependent 2-oxoglutarate dehydro-
genase; SDH, succinate dehydrogenase; FUM, fumarase; MDH, malate
dehydrogenase; G3-PDH, glycerol-3-phosphate dehydrogenase; INT,
2-(p-iodophenyl)-3-p-(p-nitrophenyl)-5-phenyl-tetrazoliumchloride;
TCAC, tricarboxylic acid cycle.
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tration of oxaloacetate, the regulatory enzyme activities,
and substrate channelling (19). Here we test the hypothe-
sis that the enzyme activities of the TCAC, which obtain
acetyl-CoA in liver mainly through fatty acid degrada-
tion, may contribute to the hypolipidemic action of clofibrate.

MATERIAL AND METHODS

Animals

Male Sprague Dawley rats (140-190 g) were fed a stan-
dard diet containing 0.75% clofibrate. The food intake
and gain in body weight were recorded three times a
week. The average daily intake dose of clofibrate was
248 + 47 mg per rat, calculated on the basis of an average
food intake of 33 + 6 g (mean + SD) per day. After 3
weeks the animals were anesthetized and killed by cervical
dislocation.

Subcellular preparation

A large particle (LP) fraction (20, 21), essentially con-
sisting of mitochondria, lysosomes, and peroxisomes, was
pelleted from a postnuclear supernatant (PNS) from rat
liver homogenates at 20,000 g. The supernatant (S) of the
LP fraction was also saved. All steps were carried out at
4°C. Fractions were kept frozen at —70°C until enzyme
activities were determined.

Analytical procedures

Enzyme assays in all three cell fractions were per-
formed with equal preincubation times and concentra-
tions of Triton X-100 (1 g/1). Conditions of freezing and
thawing of the enzyme samples were strictly standardized.
Citrate synthase (CS) and NAD*-ICDH activity were de-
termined by measuring the CoASH formed with Ellman’s
reagent (22) and NADH formation (23). Determination
of 2-oxoglutarate dehydrogenase (2-OGDH) activity was
based on the overall 2-oxoglutarate oxidation leading to
NADH formation (24). SDH and G3-PDH activity were
both assayed with 2-(p-iodophenyl)-3-p-(p-nitrophenyl)-5-
phenyl-tetrazoliumchloride (INT) as electron acceptor
under test conditions described previously (25). The

TABLE 1. Effect of clofibrate feeding on body weight, liver
weight/body weight, LP protein, and LP G3-PDH activity/g liver

Group  Body Weight Liver Wt/Body Wt LP Protein G3-PDH

g ¢/100 g mg/g tissue Ul
Control 306 + 23 5.0 + 0.5 35.7 + 7.8 0.35 + 0.10
CPIB 286 &+ 21° 6.5 £ 0.8°  62.8 + 13.4° 1.65 + 0.63°

Each group represents 14 animals. Specific activity of G3PDH (mU/mg

protein) is given in pmol INT reduced per min (U). Values represent
means + SD.

'“P < 0.05; *P < 0.02: significantly different from the control as in-
dicated (unpaired Student’s t-test).
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Fig. 1. TCAC enzyme recovery in subcellular fractions of rat liver.
The sum of the activities in the large particle (ll) and supernatant (%)
fractions is shown in relation to the postnuclear supernatant (PNS) frac-
tion (100%) for each of the measured cycle enzymes.

fumarase (FUM) and malate dehydrogenase (MDH) ac-
tivities were also determined photometrically (26, 27).
Protein concentration, serum total triglycerides, and

cholesterol concentration were measured by standard
procedures (28-31).

RESULTS

The efficacy of the clofibrate treatment was shown by a
369% increase of mitochondrial G3-PDH (Table 1) in the
large particle fraction. This finding is in agreement with
a previous report (5). The drug action was also reflected
by the observed hepatomegaly and the 76% increased
yield of protein in the LP-fraction (Table 1). Serum total
cholesterol and triglyceride were lowered from 2.7 + 0.1
mmol/l (means + SD) to 1.7 + 0.1 and 2.5 + 0.2 to
1.4 + 0.1 mmol/l, respectively, in agreement with previ-
ous data (14).

Enzyme activities from the LP and S fractions are ex-
pressed as percent of the total activity in the PNS fraction
(Fig. 1). For this study the LP fraction, which contains
mostly mitochondria, was considered to be suitable for
the examination of clofibrate-induced changes of
mitochondrial enzymes (3, 5, 32, 33). When prepared ac-
cording to our protocol, the LP fraction contained largely
all mitochondria of the PNS as indicated by the distribu-
tion of SDH activity. SDH, which is firmly bound to the
mitochondrial membrane, was recovered quantitatively in
LP (Fig. 1). SDH increased its specific activity between
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PNS and LP by 3.1 in control and by 2.4 in clofibrate
liver. CS, NAD*-ICDH, 2-OGDH, FUM, but not MDH
are located exclusively within the mitochondria (for a
review see ref. 34) so that contamination by non-
mitochondrial sources of these activities can be excluded.
In the LP and S fractions together, matrix enzyme activi-
ties of CS, NAD*-ICDH, FUM, MDH were recovered at
levels of 78-115% (Fig. 1). For these enzymes the LP/PNS
ratios were smaller for clofibrate livers than for controls.
This might be due to some structural inferiority of the
mitochondrial membrane as it has been reported for other
intracellular membranes in clofibrate livers (35). Only lit-
tle 2-OGDH activity was detectable in the S fraction.
This leads to a 40-50% recovery rate for this labile mul-
tienzyme complex. High losses during the preparation of
2-OGDH leading to poor recovery of homogenate activi-
ties in the particle fraction have been described elsewhere
(24).

The CS activity per gram liver rose by 24 and 25% in
the LP and PNS fraction, respectively. The NAD*-ICDH
activity per gram liver increased similarly by 27% in the
PNS and by 54% in the LP fraction as published in detail
elsewhere (6). Due to the pronounced enhancement of
mitochondrial protein by 76%, this increase in activity
was not due to a rise of specific activity. The activity per
gram of the third regulatory enzyme of the cycle,
2-OGDH, was found to be elevated by 153% (P <0.005)
and 122% (P < 0.005), respectively, as compared with

the control in the LP and PNS fractions (Table 2). The
specific activity (mU/mg protein) of this enzyme was
significantly increased by 142% (P < 0.005) in the PNS
and by 69% (P < 0.005) in the LP fraction. The activity
of FUM per gram tissue was enhanced by 22% in the
PNS and about 71% in the LP fraction. The MDH ac-
tivity per gram tissue was enhanced by 26% in the PNS
and 95% in the LP fraction (Table 3). The activity per
gram tissue of SDH, another non-equilibrium enzyme,
did not show any clofibrate dependence in the LP or PNS
fraction (Table 2). This is in agreement with previous
work (36). The specific activities demonstrate that there
is no stimulation of SDH, FUM, and MDH activity com-
pared to the enhancement of total mitochondrial protein
(Tables 2 and 3).

DISCUSSION

Our data provide evidence that the enzymes of the
TCAC are selectively induced by clofibrate. While the to-
tal mitochondrial protein increased by 76%, the three
regulatory enzymes of the cycle, namely CS, NAD*-
ICDH, and 2-OGDH, increased by 24%, 54%, and
153 %, respectively, when given as activities per gram tis-
sue, which is appropriate for considering their metabolic
availability. The NAD*-linked dehydrogenases ICDH,
2-OGDH, and MDH showed the most pronounced
response. Corresponding to their activities per g tissue,

TABLE 2. Activity of non-equilibrium tricarboxylic acid cycle enzymes per gram liver wet weight
and per mg protein in rat liver after clofibrate feeding

Group Fraction cs NAD*-ICDH
Ulg mU/mg mU/g mU/mg
Control PNS 6.3 + 0.4 53.8 + 3.4 722 + 135 5.7 + 0.9
LP 4.1 + 0.9 103.3 + 13.6 389 + 157 95 ¢ 3.3
S 0.8 + 0.2 7.3 + 0.6 421 + 80 5.7 + 0.9
CPIB PNS 79 + 0.8 52.1 + 1.6 917 + 142° 6.0 + 0.5
LP 51 3 1.5 77.0 + 16.2° 599 + 190° 9.1 x 1.7
S 0.7 + 0.1 7.8 + 0.5 506 + 102° 6.2 + 0.7
2-OGDH SDH
mU/g U/mg Ulg mU/mg
Control PNS 515 + 91 38 £ 05 1.19 + 0.18 95 + 1.6
LP 219 + 40 5.2 + 0.8 1.16 + 0.29 29.3 + 6.5
S <2 <0.1 <0.04 <0.6
CPIB PNS 1144 + 206° 2+ 1.1° 1.21 + 0.12 8.1 + 1.1°
LP 554 + 87° 8+ 1.2° 1.32 + 0.41 19.1 + 4.7°
S <24 <0.3 <0.03 <0.4

Effect of clofibrate feeding on CS, NAD*-ICDH, 2-OGDH, and SDH activities. Rats were fed for 3 weeks with

clofibrate 0.75% in standard food. PNS (n = 7), LP (n

= 15), and S (n = 7) fractions were prepared from each

rat liver as described in Material and Methods. Enzyme activities (U/g liver wet weight and U/mg protein) are
given as pmol CoASH formed (CS), NAD* (NAD*-ICDH, 2-OGDH), and INT (SDH) reduced per min. The en-

zyme assays were performed in duplicate.

‘P < 0.005; °P < 0.02; “P < 0.05: significantly different from the control (unpaired Student’s t-test).
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TABLE 3. Activity of fumarase and malate dehydrogenase per gram liver wet weight and per mg
protein in rat liver after clofibrate feeding

Group Fraction FUM MDH
U/g mU/mg U/g U/mg
Control PNS 20.2 + 1.5 158.9 + 123 102.2 + 7.3 0.80 + 0.03
LP 7.5 + 2.5 185.6 + 52.9 44.0 + 15.8 1.09 + 0.29
N 9.6 + 1.2 124.8 + 10.4 429 + 2.5 0.56 + 0.07
CPIB PNS 24.6 + 3.4 160.5 + 14.9 128.7 + 13.4° 0.83 + 0.04
LP 12.8 + 5.2° 186.6 + 52.9 85.7 + 33.1° 1.29 + 0.42
S 86 + 1.9 100.2 + 22.1° 39.7 + 4.5 0.49 + 0.05°

Enzyme activities (U/g liver wet weight and U/mg protein) are given in gmol fumarate formed (FUM) and NAD

reduced (MDH) per min. For details, see Table 2.

“P < 0.02; °P < 0.005; ‘P < 0.05: significantly different from the control (unpaired Student’s s-test).

three groups of enzymes may be distinguished. a)
2-OGDH is more than doubled and its specific activity is
significantly stimulated. This regulatory enzyme is selec-
tively induced beyond the mitochondrial proliferation. b)
CS, NAD*-ICDH, FUM, and MDH rise by more than
20% in PNS and, except for CS, to a greater extent in LP.
No increase of the specific activity is observed, as the ac-
tivities follow the augmented mitochondrial compartment
(3, 32, 33). ¢) SDH remains unchanged and as a conse-
quence its specific activity decreases. The enzyme does
not keep pace with the mitochondrial proliferation (Table
2). The enhanced activities of the non-equilibrium en-
zymes CS, NAD*-ICDH, and 2-OGDH are likely to ac-
commodate higher fluxes through the citrate, isocitrate,
and 2-oxoglutarate pools under the conditions of a low
NADH/NAD? ratio when these enzymes are largely acti-
vated (for a review see ref. 37). Under clofibrate treat-

NADH
© ATP
succinyl-CoA

cs‘

MDH ‘

malate

FUM ‘

fumarate
NADH

ATP ©
succinyl-CoA

SDH

succinate

STK
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ment the NADH/NAD* redox couple is shifted to the oxi-
dized form (38). While direct measurements of
intermediate concentrations showed no significant
changes by clofibrate (38, 39) except for oxaloacetate (40),
the activities of those enzymes, which are involved in the
regulation of substrate flux through the cycle (Fig. 2), are
increased. Changes in the flux-generating enzymes CS
and 2-OGDH (41) are of special interest. Thus, in spite
of the lowered oxaloacetate concentration, higher flux
through the TCAC may result.

Clofibrate-induced changes of FUM, which catalyzes a
near-equilibrium reaction, or of MDH (Table 3), which
catalyzes an endergonic reaction (42), appear to be of
minor importance for the flux through the cycle. Under
energized conditions (high ATP/ADP and citrate/oxaloace-
tate ratios) the apparent K, of CS for oxaloacetate is in-
creased (37). In addition, the TCAC metabolon is broken

ACON

Fig. 2. Tricarboxylic acid cycle. Arrows indicate
significant increase (1) or decrease () of enzyme ac-
tivity or intermediate concentration under clofibrate
treatment; (©) shows inhibition.

NAD-ICDH
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between MDH and FUM by distance regulation, so that
accumulation of cytosolic malate is furthered by retro-
grade flux through the TCAC. The enhanced activity of
MDH under clofibrate might contribute to this effect,
which leads to gluconeogenesis. In the orthograde direc-
tion of the TCAC, the stimulated NAD*-ICDH activity
may likewise favor the formation of malate.

Our data provide evidence that all three regulatory en-
zyme activities of the TCAC, especially the NAD*-linked
dehydrogenases, are stimulated by clofibrate. The enzyme
activities increase together with CO, production and
ketogenesis from fatty acids (15, 16, 40), suggesting higher
orthograde flux through TCAC. This clofibrate-induced
increase of acetyl- CoA degradation may restrict the avail-
ability of acetyl groups for lipid synthesis and contribute
to the hypolipidemic action of the drug. i
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Gedéchtnisschenkung.

Manuscript received 4 September 1991, in revised form 9 September 1992, and in
re-revised form 16 October 1992.

REFERENCES

1. Hanefeld, M., C. Kemmer, and E. Kadner. 1983. Relation-
ship between morphological changes and lipid-lowering ac-
tion of p-chlorophenoxyisobutyric acid (CPIB) on hepatic
mitochondria and peroxisomes in man. Atherosclerosis. 46:
239-246.

2. Tsukada, H., M. Habashi, M. Gotoh, and H. P. Morris.
1975. Response of microbodies in Morris hepatoma 9618 A
to clofibrate. J. Natl. Cancer Inst. 55: 153-158.

3. Kurup, C. R. K., H. N. Aithal, and T. Ramasarma. 1970.
Increase in hepatic mitochondria on administration of
ethyl-alpha-p-chloro-phenoxyisobutyrate to the rat. Bi-
ockem. J. 116: 773-779.

4. Paget, G. E. 1963. Experimental studies of the toxicity of
atromid with particular reference to fine structure changes
in the livers of rodents. J. Atheroscler. Res. 3: 729-736.

5. Hess, R., W. Staubli, and W. Riess. 1965. Nature of the
hepatomegalic effect produced by ethyl-chlorophenoxy-
isobutyrate in the rat. Nature. 208: 856-858.

6. Schon, H. J., K. Kremser, C. Prager, and R. Kramar. 1991.
Enhancement of NAD-linked isocitrate dehydrogenase ac-
tivity in rat liver by clofibrate feeding. Biochem. Pharmacol.
41: 1773~1775.

7. Heller, F, and C. Harvengt. 1983. Effects of clofibrate,
bezafibrate, fenofibrate and probucol on plasma lipolytic
enzymes in normolipaemic subjects. Eur. J. Clin. Pharmacol.
25: 57-63.

8. Lithell, H, J. Boberg, K. Hellsing, G. Lundquist, and B.
Vessby. 1978. Increase in the lipoprotein-lipase activity in
human skeletal muscle during clofibrate administration.
Eur. J. Clin. Invest. 8: 67-74.

9. Taylor, K. G.,, Holdsworth, G., and D. ]J. Galton. 1977.
Clofibrate increases lipoprotein-lipase activity in adipose

10.

11.

12

13.

14

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

tissue of hypertriglyceridaemic patients. Lancet. 2:
1106-1107.

Gould, R. G, E. A. Swyryd, D. Avoy, and B. Coan. 1967.
The effects of alpha-p-chlorophenoxyisobutyrate on the
synthesis and release into plasma of lipoproteins in rats.
Prog. Biochem. Pharmacol. 2: 345-357.

Solberg, H. E. 1974. Acyl group specificity of mitochon-
drial pools of carnitine acyltransferases. Biochim. Biophys.
Acta. 360: 101-112.

Kerner, J., and L. L. Bieber. 1982. Effect of clofibrate on
rat liver acylcarnitines. Biochem. Med. 28: 204-209.
Oliver, M. F. 1963. Further observations on the effects of
atromid and chlorophenoxyisobutyrate on serum lipid
levels. J. Atheroscler. Res. 3: 427-439.

Glatz, J. F. C,, A. J. M. Wagenmakers, J. H. Veerkamp,
and H. T. B. Van Moerkerk. 1983. Effect of clofibrate feed-
ing on palmitate and branched chain 2-oxo acid oxidation
in rat liver and muscle. Biochem. Pharmacol 32: 2489-2493.
Kahoénen, M. 1979. Effect of clofibrate treatment on acyl-
carnitine oxidation in isolated rat liver mitochondria. Med.
Biol. 57: 58-65.

Laker, M. E., and P. A. Mayes. 1976. The actions of
clofibrate on hepatic metabolism in the rat. Biochem. Soc.
Trans. 4: 714-715.

Rasheed, B. K. A,, 8. Chhabra, and C. K. R. Kurup. 1980.
Influence of starvation and clofibrate administration on ox-
idative phosphorylation by rat liver mitochondria. Biochem.
J. 190: 191-198.

Robinson, J. B,, Jr,, L. Inman, B. Sumegi, and P. A. Srere.
1987. Further characterization of the Krebs tricarboxylic
acid cycle metabolon. J. Biol. Chem. 262: 1786-1790,
Beeckmans, S., E. Van Driessche, and L. Kanarek. 1989.
The visualization by affinity electrophoresis of a specific as-
sociation between the consecutive citric acid cycle enzymes
fumarase and malate dehydrogenase. Eur. J. Biochem. 183:
449-454.

Leighton, F., B. Poole, H. Beaufay, P. Baudhuin, J. W.
Coffay, S. Fowler, and C. De Duve. 1968. The large scale
separation of peroxisomes, mitochondria, and lysosomes
from the livers of rats injected with Triton WR-1339. J. Cell
Brol. 37: 482-513.

Baudhuin, P. 1974. Isolation of rat liver peroxisomes.
Methods Enzymol. 31A: 356-368.

Srere, P. A., H. Brazil, and L. Gonen. 1963. Citrate con-
densing enzyme of pigeon breast muscle and moth flight
muscle. Acta Chem. Scand. 17, Suppl. 1: S129.

Goebell, H., and M. Klingenberg. 1964. DPN-spezifische
Isocitrat-Dehydrogenase der Mitochondrien. 1. Kinetische
Eigenschaften, Vorkommen und Funktion der DPN-
spezifischen Isocitrat-dehydrogenase. Biockem. Z. 340:
441-464.

Hirashima, M., T. Hayakawa, and M. Koike. 1967. Mam-
malian alpha-keto acid dehydrogenase complexes. II. An
improved procedure for the preparation of 2-oxoglutarate
dehydrogenase complex from pig heart muscle. J Biol
Chem. 242: 902-907.

Kramar, R. 1971. Solubilisierung von Prolin-Dehydrogenase
aus Rattenlebermitochondrien. Hoppe-Seylers Z. Physiol.
Chem. 352: 1267-1270.

Kanarek, L., and R. L. Hill. 1964. The preparation and
characterization of fumarase from swine heart muscle. J.
Biol. Chem. 239: 4202-4206.

Englard, S., and L. Siegel. 1969. Mitochondrial L-malate
dehydrogenase of beef heart. Methods Enzymol. 13: 99-106.
Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R. ]J. Ran-

Proger et al.  Effect of clofibrate on tricarboxylic acid cycle enzymes 363

2T0Z ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

29.

30.

31

32.

33.

34.

35,

364

dall. 1951. Protein determination with the Folin phenol rea-
gent. J. Biol. Chem. 193: 265-275.

Wabhlefeld, A. W. 1974. Triglycerides, determination after
enzymatic hydrolysis. In Methods of Enzymatic Analysis.
H. U. Bergmeyer editor, 2nd ed., Verlag Chemie, Wein-
heim, Germany. 4: 1831-1835.

Trinder, P. 1969. Determination of glucose in blood using
glucose oxidase with an alternative oxygen acceptor. Ann.
Clin. Biochem. 6: 24-27.

Siedel, J., H. Schlumberger, S. Klose, J. Ziegenhorn, and
A. W. Wahlefeld. 1981. Improved reagent for the enzymatic
determination of serum cholesterol. J. Clin. Chem. Clin. Bio-
chem. 19: 838.

Lipsky, N. G., and P. L. Pedersen. 1982. Perturbation by
clofibrate of mitochondrial levels in animal cells. J Biol
Chem. 257: 1473-1481.

Gear, A. R. L., A. D. Albert, and J. M. Bednarek. 1974.
The effect of the hypocholesterolemic drug clofibrate on
liver mitochondrial biogenesis. A role for neutral mitochon-
drial proteases. J. Biol Chem. 249: 6495-6504.

Pette, D. 1965. Plan und Muster im zellularen Stoffwechsel.
Naturwissenschaften. 52: 597-616.

Crane, D. I, ]J. Zamattia, and C. J. Masters. 1990. Altera-
tions in the integrity of membranes of livers of mice treated
with peroxisome proliferators. Mol Cell. Biochem. 96:
153-161.

Journal of Lipid Research Volume 34, 1993

36.

37.

38.

39.

40.

41.

42,

Kramar, R., and K. Kremser. 1984. Enhancement of alde-
hyde dehydrogenase activity in rat liver by clofibrate feed-
ing. Enzyme. 31: 17-20.

Williamson, J. R., and R. H. Cooper. 1980. Regulation of
the citric acid cycle in mammalian systems. FEBS Lett. 117:
Suppl. K73-K85.

Ball, M. R,, K. A. Gumaa, and P. McLean. 1979. Effect of
clofibrate on the CoA thioester profile in rat liver. Biochem.
Biophys. Res. Commun. 87: 489-496.

Voltti, H., 1. E. Hassinen. 1981. Effect of clofibrate on the
hepatic concentrations of citric acid cycle intermediates and
malonyl-CoA in the rat. Life Sci. 28: 47-51.

Mannaerts, G. P,, J. Thomas, L. J. Debeer, J. D. McGarry,
and D. W. Foster. 1978. Hepatic fatty acid oxidation and
ketogenesis after clofibrate treatment. Biochim. Biophys. Acta.
529: 201-211.

Newsholme, E. A., and B. Crabtree. 1981. Flux-generating
and regulatory steps in metabolic control. Trends Biochem.
Sci. 6: 53-56.

Guynn, R. W,, H. J. Gelberg, and R. L. Veech. 1573.
Equilibrium constants of the malate dehydrogenase, citrate
synthase, citrate lyase, and acetyl coenzyme A hydrolysis
reactions under physiological conditions. /. Biol. Chem. 248:
6957-6965.

2T0Z ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

