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Abstract---l.
The cell concentration
of suspensions
of isolated rat hepatocytes
affects both the rate of
pyruvate accumulation
m the incubation
medium and the rate of fatty acid synthesis.
2. At low cell concentrations
pyruvate accumulation
is directly related to the cell concentration
but
levels off‘ at higher concentrations
even when maximum pyruvate concentrations
in the medium arc not

yet reached.
?. The rate of fatty acid synthesis

in the 3&60-min
incubation
interval is proportional
to the cell
concentration.
In contrast. the rate of fatty acid synthesis during the 0-30-min incubation period decreases
with increasing ccl1 concentrations
and subsequently
becomes independent
of the cell concentration.

(approx. 750 mg cellular protein) were suspended m about
25 ml of Krebs-Henseleit
bicarbonate
buffer (pH 7.4), supplemented with l.O”,,, bovine serum albumin (defatted and
dialysed) and 20mM glucose. Two ml of this stock suspension was added to a 25.ml Erlenmeyer flask containing
2.0 ml of Krebs-Henseleit
buffer, supplemented
with 6.0”,,
bovme serum albumin.
In other incubations
part of the
stock suspension of cells was replaced by Krebs-Henseleit
bicarbonate
buffer containing
I .O’?o bovine serum albumin
and 20mM
glucose. Incubations
were carried out in a
metabolic shaker (90 strokesimin)
at 37 C under an atmosphere of 95”,, 0, and 57;, CO,. To monitor rates of fatty
acid synthesis,
[‘H]H?O (0.3 mCijml) was added to the
incubation
vessels.
Cellular protein was determined according to Lowry et ul.
(1951). using bovine serum albumin as a standard.
I mg of
cellular protein was found to equal 6.7 mg of wet weight of
cells. Fatty acids were extracted according to Harris (I 975).
Neutralized
perchloric-acid
extracts of aliquots of hepatocyte incubations
were analysed
for pyruvate
by the
method of Hohorst el al. (I 959). Sources of chemicals have
been described in a previous paper (Beynen ~‘t crl.. 1979).

INTRODllCTlON

The rate of fatty acid synthesis by suspensions
of
Isolated rat hepatocytes
has a lag phase of I5 to
-30min (Harris, 1975: Beynen cl ul., 1979). It has been
huggested that this lag phase reflects the time required
for accumulation
in the medium of pyruvate and
lactate to concentrations
that maximally
support
lipogenesis (Harris. 1975). This suggestion is substanuated by the observation
that the lag in fatty acid
synthesis is largely abolished when pyruvate and/or
lactate are added to the incubation medium (Harris,
1975; McGarry t’t ui., 1978; Beynen rt al., 1982). The
rate of pyruvate production
by hepatocytes
is enhanced with increasing quantities of cells incubated
(Harris. 1975). Likewise, the rate of fatty acid synthesis is positively associated with the concentration
of cells (Harris.
1975). Moreover.
under various
incubation conditions fatty acid synthesis in isolated
rat hepatocytes
is directly related to the pyruvate
concentration
in the medium (Harris, 1975). Thus, it
appears that high rates of fatty acid synthesis depend
on rapid accumulation
of pyruvate.
Evidence
is
presented in this study, however, that in isolated rat
hepatocytes
a direct relationship
between pyruvate
concentration
and rate of fatty acid synthesis is only
observed under specific experimental
conditions.

RESULTS AND DISCUSSION

Upon incubation for 30 min the pyruvate concentration in the hepatocyte
suspension increases with
cell concentrations
up to about
8 mg cellular
protein/ml,
but levels off with higher cell concentrations (Fig. 1). This indicates that the pyruvate
concentration
of the hepatocyte suspension reaches a
certain maximum more rapidly with higher cell concentrations.
This would have been anticipated
since
pyruvate produced within the hepatocyte equilibrates
with the external medium (Woods and Krebs, 197 I :
Crabb ef ul., 1976) and thus the rate of accumulation
of pyruvate in the medium should depend on the
quantity of cells incubated. Figure 1 also shows that
at higher
cell concentrations
(above
8 mg of
protein/ml) pyruvate levels continue to increase in the
30-60-min incubation interval.

METHODS AND MATERIALS
Hepatocytcs
were obtained
from male Wistar
rats
(?00_2SOg),
which had free access to water and were
meal-fed a stock. pelleted diet between 4 and 7a.m. The
animals were sacrificed at 9 a.m. Liver cells were Isolated
according
to Seglen (1976). with modifications
described
previously
(Beynen et ul., 1979). After isolation the cells
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concentration
of the incubation
medium. Pyruvate
generation.
expressed as nmoles pyruvate produced
per mg of cell protein per min increases with increasing hepatocyte concentrations
up to about h mg
protein/ml,
both in the 0 -30 and 3@ 6%min incubation interval (Fig. 4). However, in the same range
of cell concentrations,
the rate of fatty acid synthesis
decreases and increases with increasing cell concen-
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hcpatocytes. Closed
circles: pyruvate levels after Nmin
of incubation; open
c~rclcs: pyruvate levels after 60 min of incubation: triangles:
pyruvutc levels at I = 0 min. Experimental data are shown
for one hepatocyte preparation.
The results have been
reproduced with other cell preparations. The absolute WIues on the axises. however, varied for diKerent cell preparaFig.
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The rate of fatty acid synthesis was measured by
the incorporation
of ‘H from tritiated water. and
expressed as nmoles ‘F-1incorporated
into fatty acids
per mp cellular protein per 30min.
in the %30-min jncubation period fatty acid synthesis by the hepatocytes is inversely related with the
cell concentration
of the suspension
in the range
O--5 mg of protein/ml.
At higher cell concentrations
no relationship
between fatty acid synthesis and cell
concentration
is observed in this incubation
period
(Fig. 2). In keeping with results published by Harris
(1975). fatty acid synthesis is directly related to the
cell concentration
in the 30 -60~min incubation interval (Fig. 2). For the lower cell concentrations.
in the
30”-60~min incubation
interval a linear relationship
exists between the mean pyruvate concentration
oi
the cell suspension and the rate of fatty acid synthesis.
At cell concentrations
higher than about 8 mg of
protciI~~ml, fatty acid synthesis is not correlated with
the pyruvate concentration
of the incubation medium
(Fig. 3).
The earlier observed direct relationship
between
pyruvate levels and fatty acid synthesis by hepatocytes (Harris, 1975) implies that fatty acid synthesis
is controlled by substrate availability. This may not
he true under all conditions.
We have demonst~dted
that insulin stimulates t‘atty acid synthesis by isolated
hepatocytes
but slightly lowers pyruvate
concentrations (Beynen PZ(II., 1980). The latter effect is most
likely the result of the observed activation of pyruvate dehydrogenase
by this hormone (Vaartjes c’( ul.,
1980). Likewise, dichloroacetate
has been shown to
increase both pyruvate dch~dro~~nase
activity and
_
the rate of fatt; &id synthesis in isolated hepatocytes,
but the compound
caused
a fall in the pyruvate
concentration

of
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it can be argued that the flux
is more important in determining
acid synthesis than the pyruvatc
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t-i& 1. Rcl~iti~~nsllip between cell col~c~ntr~ti~~n and fatty
acid syntheses m suspensions of isolated hepatocytes. C‘loscd
symbols: O&30 mm incubations; open symbols: 31S-60 min
Incubations. Experimental data are reported for one hepatocyte preparation. The results have been reproduced with
other cell preparations. The absolute values on the ax&s.
however. varied for different cell preparations.
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Fig. 3. Relationship between pyruvate levels and the rate of
fatty acid synthcsls in the B&60-mm
incubation interval.
Pyruvatc levels are the means of the values at 30 and 60 min
of the incubation period; the rate of fatty acid synthesis v,as
measured in the 30--6O-min incubation period. Data arc
taken from F&s I and 2.
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cells incubated, the accumulation
of pyruvate and the
rate of fatty acid synthesis in the first 30min of
incubation.
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f?g. 4. Rclelionship between pyruvate accumulation
in the
hepatocyte
suspension
and the cell concentration.
Closed
circles: pyruvate ~lc~umul~tion in the 0-30-min incubation
period;
open
circles:
pyruvate
accumulation
in the
?I)_@min incubation
period. Data are taken from Fig. 1.
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period. respectively (Fig. 2). It appears therefore, that
the relation between pyruvate flux and the rate of
kitty acid synthesis is equivocal.
The well-documented
(Harris, 1975; Beynen ef al.,
1979) lag phase in fatty acid synthesis appears to exist
only at cell concentrations
higher than about 6 mg of
cellular protein/ml.
At these cell concentrations
the
rate of fatty acid synthesis in the 3O-60-min incubation period is higher than that in the 0-30-min
incubation period (cf. Fig. 2). However, at lower cell
concentrations
the opposite
phenomenon
was observed: the rate of Patty acid synthesis is lower in the
i0-60-min
incubation
period than in the 0-30-min
interval (cf. Fig. 2).
It is clear from the present study that reported
observations
such as the direct relationship
between
hepatic pyruvate levels and fatty acid synthesis (Harris, 1975; Walli, 1978) and the lag phase in fatty acid
synthesis
(Harris,
197.5; Beynen
et nl., 1979) are
restricted
to a relatively
narrow
range of cell concentrations, and also depend on the incubation interval.
No satisfactory explanation can as yet be offered for
the observed disproportionalities
between quantity of
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