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4-Pentenoic acid has been shown to have a hypoglycemic effect on mice 2 

vivo (1) and to inhibit gluconeogenesis and lactate oxidation in pigeon liver 

homogenates (2). Gluconeogenesis from alanine or pyruvate is inhibited by 4- 

pentenoic acid in perfused rat liver (3,4), and glucose production from pyru- 

vate and succinate is decreased in rat kidney slices (5). 4-Pentenoic acid 

also inhibits the oxidation of fatty acids in a variety of systems (l-8). 

Since fatty acids are known to stimulate glucose production by the liver (9, 

lo), the impairment of gluconeogenesis has been attributed to a suppression of 

fatty acid oxidation. It has been suggested that inhibition of fatty acid 

oxidation is mediated by lack of free CoA and carnitine as a result of the 

accumulation of non-metabolizable CoA and carnitine esters formed during the 

oxidation of 4-pentenoic acid (2,6). However, no detailed studies on possible 

changes of CoA intermediates in tissues have been reported. In the present 

work, the kinetics of the effects of k-pentenoic acid on adenine and pyridine 

nucleotides, CoA and carnitine derivatives have been determined in the per- 

fused rat liver. These studies, and data obtained with intact and sonicated 

mitochondria show that the metabolic deficiencies observed in liver are caused 

both by inhibition of S-oxidation, and by depletion of CoA and acetyl-CoA. 

Methods. Livers from male Holtzman rats (200-230 g), fasted 30-36 hours 

were perfused with Krebs bicarbonate buffer containing ho/o (w/v) defatted 

albumin, as previously described (10,l.l). Techniques for measuring flavin and 

pyridine nucleotide redox changes by surface fluorometry, and the oxygen up- 

take of the perfused liver have been reported (12). Rat liver mitochondria 

were prepared according to Johnson and Lardy (13). Metabolic intermediates 

were measured in neutralized perchloric acid extracts by fluorometric enzyme 

methods (14). 
Results. At relatively low concentrations 4-pentenoic acid is oxidized 

by the liver, as shown by the increased oxygen uptake and formation of ketone 

bodies (Fig. 1). The ratio of the extra oxygen consumed to the amount of 4- 

pentenoic acid added was 3.4 and 2.5, respectively, for the first and second 
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additions. These values may be compared with the theoretical 2 patoms oxygen 

required, per umole of 4-pentenoyl-CoA,. for g-oxidation to acrylyl-CoA, plus 

an additional patom of oxygen needed to form 4-pentenoyl-CoA (assuming a P/O 

ratio of 2). The stoichiometry of ketone body formation to 4-pentenoic acid 

added was approximately 1:2, as expected if one mole of acetyl-CoA were formed 

per mole of 4-pentenoic acid undergoing g-oxidation. With concentrations 

greater than 0.5 mM, oxidation of 4-pentenoic acid was incomplete. 

oqqsn consumptm 

0.2mvl 1 I 04mM 
Pentenoic Acid pentenoic Acid 

Ketone hoduction 
4 . . . . . . . 8 
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Oxidation of 4-pentenoic acid in perfused rat liver. Liver from a 
rat was perfused with 100 ml of albumin buffer containing no 

added substrate. 

Addition of 4-pentenoic acid to liver mitochondria incubated in the pre- 

sence of ADP and ruhmycd caused a reduction of flavin and pyridine nucleo- 

tides, which was similar to that produced by octanoate (Fig. 2). No redox 

changes were seen with fully uncoupled mitochondria unless ATP was present. 

These studies support the suggestion of Corredor et al. (1), that 4-pentenoic -- 
acid is metabolized by g-oxidation. 

Fig. 3 shows that in perfused rat liver 4-pentenoic acid caused a re- 

duction of flavin nucleotides coincident with an increased oxygen uptake. The 

flavin redox changes are derived predominantly from the mitochondria (12), 

while the pyridine nucleotide fluorescence reflects changes in both the mito- 

chondrial and cytosolic spaces. About 1 minute after 4-pentenoic acid addition, 
a rapid oxidation of both flavin and pyridine nucleotides occurred. The 

h-i LS compound has similar actions to oligomycin. 
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pyridine nucleotide oxidation coincided with a decrease in the g-hydroxybuty- 

rate/acetoacetate ratio from 0.8 to 0.4 (Fig. 4). The delayed oxidation phase 

is interpreted as indicating an inhibition of pyruvate dehydrogenase. The 

ATP/ADP ratio remained constant during the lo-minute perfusion period after 

4-pentenoic acid addition (Fig. 4), but with longer perfusion times, both the 

ATP/ADP ratio and oxygen consumption decreased. 

t 

Pyriiine 
Nudeotide 
Recbctian 

I 

Pyridine 
Nucleotide 
Reduction 

i 
8% 
T 

i 
4% 
T 

+ 
8% 
T 

t 
Flavin 

Reduction 
A 
T 

Comparison of the 
octanoic and k-pen- 

tenoic acids on flavin and py- 
ridine nucleotide reduction in 
rat liver mitochondria. The 
incubation medium was 100 ml4 
KCl, 50 mt4 sucrose, 20 mM Tris- 
Cl and 5 mM Tris-PO4 contain- 
ing 2-3 mg/ml mitochondrial 
protein. Rutsmycin (10 ~g/ml) 
and octanoic acid (100 ILM) or 
4-pentenoic acid (100 W) were 
added as noted by the arrows. 
Redox changes were followed by 
using 366 lplr excitation, 450 
w measurement (pyridine nuc- 
leotides) and 436 mt.~ excita- 
tion, 570 measurement (flavin+ 

During the first minute after kpentenoic acid addition to perfused liver, 

the CoA content fell rapidly while acid soluble acyl-CoA derivatives increased 

(Fig. 5). The content of long chain, acid insoluble, acyl-CoA derivatives 

increased only slightly during the first 10 minutes after 4-pentenoic acid 

addition, but acetyl-CoA levels fell by ~O'/O. Rowever, after 45 minutes, 

acid insoluble fatty acyl-COA increased three-fold, while acetyl-CoA levels 

decreased to 200/o of control values. The free carnitine content decreased 

rapidly (Fig. 5), whereas acid soluble acyl carnitine other than acetyl-CoA 

increased from 38 ,f 3 moles/g dry wt to 3OO 2 25 Wmoles/g dry wt. 

Experiments with rat liver mitochondria showed that 20 u.M 4-pentenoic 

acid caused an 80"/0 decrease of free CoA, and an increase of both acid sol- 

uble and acid insoluble fatty acyl-CoA (Table I). A ten-fold higher concen: 

tration of b-pentenoic acid had little further effect. PaImitate stimulated 

respiration five-fold, decreased free CoA by &O/o, and increased acetyl-CoA 

and acid insoluble fatty acyl-CoA (15). However, in the presence of 200 ClM 
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Figure 3. Effect of &pea&e- 
noic acTd on flavin and pyri- 
dine nucleotide redox changes 
in perfused rat liver. The 
perfusion medium contained ap- 
proximately 2 rat4 pyruvate. 

&Hydroxybutymte/Acetoocetok 

fused for 30 minutes in the 
presence of 1.5 to 2 mM pyru- 
v&e. Perfusion was termi- 
nated by rapidly fkeezing 
livers with tongs cooled in 
liquid N2. values shawl are 
mean8 2 standard error of the 
mean of 6 to 8 livers. 
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4-pentenoic acid, paImitate oxidation was completely inhibited, free CoA and 
ace*l-CoA fell, while short and long chain scyl-CoA derivatives increased. 
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Figure 5. Effect of 4-pente- 
noic acid on tissue contents 
of CoA derivatives and carni- 
tine in perfused rat liver. 
The experimental conditions 
were the same as those of Fig. 
4. 

Table I 

Effects of 4-Pentenoic Acid (PA) on Isolated Liver Miitochondria 

The incubation conditions were similar to those of Fig. 2. PaImitate was 
added 2 minutes after 4-pentenoic acid. 

Additions to 
buffer + 1 mM ADP 

Oxygen uptake 
(initial rate) 

unknown Acid 
CoA Acetyl-CoA acid insoluble 

soluble CoA acyl-CoA 

None 
20 IAM PA 
200 pM PA 

w-t-/ 
mg/min 

7 
20 

24 

40 JLM Palmitate 36 

PaImitate + 200 NM PA 5 

wles/mg protein 

1.6 0.2 1.1 0.7 

0.3 0.5 1.3 1.2 
0.2 0.2 1.6 1.2 

0.9 0.5 1.2 0.9 
0.2 0.1 1.5 1.5 

The increase of acid insoluble acyl-CoA af’ber 4-pentenoic acid addition 
suggests that inhibition of $-oxidation occurs prior to CoA depletion. Exper- 
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iments with sonicated mitochondria (Fig. 6) show that the oxidation of palmi- 

tyl-CoA was inhibited by h-pentenoyl-CoA. The addition of free CoA did not 

reverse the inhibition. &Rentenoic acid itself was not activated in this 

uncoupled preparation and had no effect on fatty acid oxidation. Since both 

substrate and inhibitor were added to the sonicated mitochondria as CoA 

derivatives, these experiments establish that fatty acid oxidation is inhi- 

bited by a k-pentenoic acid metabolite. 

Sonicated Mitochondrio 

(0.5mM Pentenoyi Co A) 

Decrease I 

Oxygen Units =mpatoms/mii 

e 6. 
9=- 

Effect of 4-pentenoyl-CoA on palmityl-CoA oxidation in sonicated 
mi 0choZdria. Sonicated mitochondria were incubated at 28O in 50 ml.4 potassium 
phosphate, pH 7.2, with &pentenoyl-CoA for 18 minutes before the addition of 
palmityl-CoA. 

Discussion. The present work establishes that ic-pentenoic acid is meta- 

bolized by S-oxidation after prior activation to 4-pentenoyl-CoA. However, 

regeneration of CoA is incomplete and short chain fatty acyl-CoA derivatives 

accumulate. The chemical identity of the acyl-CoA compounds formed upon addi- 

tion of h-pentenoic acid to perfused liver and liver mitochondria has not been 

ascertained. The most obvious product of the S-oxidation of k-pentenoic acid 

would appear to be acrylyl-CoA. However, Rendina and Coon observed that acry- 

lyl-CoA is hydrated by enoyl mdrase to give $-hydroxypropionyl-CoA. This 

compound is a substrate for acetyl carnitine transferase, and may be the acid 

soluble acyl-CoA which accumulates upon h-pentenoic acid oxidation. On the 

other hand, the inhibitor of fatty acid oxidation itseLf may well 'be acrylyl- 

CoA . Robinson and coworkers (17) found that some 2,3-enoyl-CoA derivatives, 
&nong them acrylyl-CoA, inhibited fatty acid synthesis. They suggested that 
an interaction between the unsaturated bonds of these compounds and enzyme 
sulfl@ryl groups was responsible for the inhibition. Two of the four enzymes 
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of the g-oxidation cycle which are inhibited by sulfhydryl reagents and which, 

therefore, msy be inhibited by an interaction with acrylyl-CoA are enoyl by- 

drase (18) and G-ketoacylthiolase (19). Presumably, oxidation of both medium 

and long chain fatty acids is affected since 4-pentenoic acid has been shown 

to inhibit its own oxidation (6). 
The fall of free carnitine and increase of acyl carnitine esters in the 

liver after h-pentenoic acid addition confirms earlier work (l), and shows 

that carnitine depletion was almost as rapid as CoA depletion. However, it is 

not clear whether inhibition of fatty acid oxidation in the intact liver oc- 

curs primarily through lack of CoA and carnitine, or by a more specific inhi- 

bition of an enzyme of its g-oxidation system as discussed above. Inhibition 

of pyruvate oxidation is probably mediated by CoA lack, while inhibition of 

gluconeogenesis is caused by a combination of influences; namely, a fall of 

acetyl-CoA resulting in diminished pyruvate carboxylase activity (Z?O), an oxi- 

dation of the NAD redox state, and a fall of ATP. 
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