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Decreased Oxidation of Labeled Glucose by Dissociated Brain
Cells in the Presence of Fetal Bovine Serum

Abstract. The effect of serum on the rate of substrate oxidation by dissociated
brain cells in vitro was examined. At a serum protein concentration of approximately
0.55 milligram per milliliter, oxidation of [6-'*Clglucose to *CO, was decreased
more than 50 percent. Oxidation of [3-'*C]-3-hydroxybutyrate and [U-"*Clglutamine
was decreased much less. Serum from cows, rats, horses, and humans produced
similar effects, as did serum from young and old animals and from both sexes. The
effect on [6-*Clglucose oxidation was proportional to serum protein concentration,
and significant inhibitory activity was obtained with dialyzed serum. Heating (80°C
for 10 minutes) significantly reduced the inhibitory activity. These results suggest the
presence of a factor in serum that can preferentially decrease glucose oxidation.
Such a factor would have profound implications for metabolic regulation in vivo and
for studies of cells in vitro in which serum is included in the growth medium.

It is an accepted practice to add serum
(5 to 20 percent) to most tissue culture
systems, including media used for neuro-
nal and glial cell cultures (I, 2). This
practice is based on the idea that serum
is required to support the proliferation
and survival of cells in culture (3, 4).
However, the value of including serum
in cell culture media has been questioned
(5, 6), mainly because of the variability
of the components in serum. This has led
to the identification of an increasing
number of ‘‘growth factors’’ required for
the maintenance of neuronal cells in cul-
ture (7-10).

One rationale for using defined media
is that every cell type may need a specif-
ic microenvironment for survival and
growth (6, /1). Kaufman and Barrett (12)
recently identified a serum fraction that
supported long-term survival of dissoci-
ated rat neurons more reliably than un-
fractionated serum and suggested that
some serum fractions may be toxic to
nerve cells in culture. The implication is
that a variety of factors in serum may
affect several different aspects of the
cell. Most investigators have described
the effects of serum or isolated factors in
terms of cell viability, proliferation, or
survival; relatively few have studied the
effects of serum on substrate oxidation
(13). We (14-16) and others (/7-19) have
investigated the metabolic characteris-
tics of brain cells in culture. Most of the
studies concerned the nature of nutrients
required by these cells and possible dif-
ferences in the capacities of various cell

types to use different substrates. Since
serum produces a variety of effects on
the proliferation and survival of cells in
culture, we attempted to examine the
effect of serum on the rate of substrate
oxidation. We report that the addition of
serum causes a much greater decrease in
the oxidation of labeled glucose by disso-
ciated brain cells than in the oxidation of
other substrates.

Dissociated brain cells were prepared
from adult albino Wistar rats (200 to 250
g) (14-16). After rapid removal of the
brain, the tissue was immersed in 0.9
percent NaCl, cut into small pieces, in-
cubated with 0.2 percent trypsin, washed
three times, and further dissociated by
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Fig. 1. The effect of increasing fetal bovine
serum protein concentrations on the rate of
[6-'“Clglucose oxidation by dissociated brain
cells. Oxidation rates are expressed as per-
centages of the control value (2.12 nmole/hour
per milligram of protein). Each point
represents the average of triplicate determina-
tions with variations less than 10 percent. The
specific activity of [6-!“Clglucose was 296,000
dpm/pmole.

gentle titration. The suspension was cen-
trifuged at 600 rev/min for 5 minutes and
the supernatant was removed. Cells
were resuspended in 0.9 percent NaCl
and filtered through Nitex. Trypan blue
exclusion and lactate dehydrogenase
leakage revealed that cell viability ex-
ceeded 90 percent.

Measurement of “C-labeled substrate
oxidation by dissociated brain cells was
performed as previously described (14).
In these experiments '“CO, produced
was trapped on Hyamine hydroxide—sat-
urated filter paper in hanging center
wells and counted in a liquid scintillation
spectrometer. Previous studies revealed
that the rate of '4CO, production is linear
for up to 2 hours and is proportional to
protein concentration. Cell protein con-
centrations were maintained between
0.75 and 1.5 mg per sample. The specific
activity of [6-'“Clglucose was 0.1 pCi/
wmole; similar specific activities were
used for other labeled substrates.

Addition of 10 percent rat serum great-
ly reduced the rate of '“CO, production
from [6-"*Clglucose (Table 1). Similar
results were obtained with horse, hu-
man, and bovine serum. The inhibitory
activity was not affected by freezing for
up to 3 weeks and appeared to be stable
at 4°C for more than 72 hours. The
activity was present in a commercial
preparation of dialyzed fetal calf serum
and in rat serum samples that had been
dialyzed for 18 hours, although the
amount of inhibitory activity was consid-
erably reduced in these preparations.

Figure 1 shows the inhibitory effect of
fetal bovine serum on [6-'*Clglucose oxi-
dation to *CO, by dissociated brain cells
as a function of serum protein concentra-
tion. At a relatively low serum protein
concentration (0.5 mg/ml), the rate of
oxidation was decreased more than 50
percent. With increasing concentrations
of serum, the rate decreased exponen-
tially. A considerable amount of the ac-
tivity was lost when fetal bovine serum
was heated (80°C for 10 minutes).

Figure 2 shows the effects of rat serum
on the oxidation of several different sub-
strates. Serum had its most pronounced
effects on [6-'“Clglucose oxidation, de-
creasing the rate > 75 percent at a serum
protein concentration of 2.6 mg/ml. In
contrast, an equivalent amount of serum
caused only a 35 percent decrease in
[U-'“C]glutamine oxidation and a < 20
percent decrease in [3-'“C]-3-hydroxy-
butyrate oxidation. Increasing the serum
concentration fourfold resulted in a rela-
tively small increment in the inhibition of
the latter two substrates. However, the
rate of [6-'“C]glucose oxidation was de-
creased to < 10 percent of the control
value.



These results show that oxidation of
[6-"*Clglucose is greatly reduced in the
presence of serum. The inhibitory effect
of serum on oxidation of [1-'*Clglucose
and [6-"*C]glucose was observed by Lar-
rabee (13) in a study of lumbar dorsal
root ganglia, and similar effects have
been observed with fibroblasts in culture
(20). A generalized role for this factor is
suggested by its presence in most spe-
cies.

Since considerable inhibitory activity
remains after extensive dialysis, it seems
unlikely that the observed decrease in
oxidation could be the result of substrate
dilution by metabolites in serum. This
conclusion is also supported by the sig-
nificant inhibition that results from the
addition of only 0.01 ml of serum, repre-
senting a dilution of more than 70-fold.
At this dilution the contribution to the
substrate pool by the added serum would
be negligible. Although the inhibitory
activity was stable when frozen, it was
susceptible to thermal denaturation, sug-
gesting a requirement for conformational
integrity.

An interesting aspect is the preferen-
tial inhibition of the oxidation of glucose
relative to that of 3-hydroxybutyrate or
glutamine. It is well established that,
under certain conditions, ketone bodies
can serve as fuel for the brain, especially
in young animals (27), and studies of
substrate oxidation (22, 23) indicate that
glucose and 3-hydroxybutyrate are oxi-
dized in similar metabolic compart-
ments. However, our results suggest a
separation of these metabolic activities.
On the other hand, glutamine oxidation
does not appear to occur in the same
metabolic compartment as glucose (15,
16), even though the rate of glutamine
oxidation by dissociated brain cells is
two to five times higher than the rate of
glucose oxidation (23) and most of this
oxidation occurs in the tricarboxylic acid
cycle (19, 23).

Our results seem best explained by the
presence of an inhibitor or factor that
causes intracellular dilution of glycolytic
metabolites before the formation of ace-
tyl coenzyme A. However, since these
experiments were carried out with a
mixed population of dissociated cells,
the possible contribution of metabolic
compartmentation cannot be excluded.

The presence in serum of a factor
inhibitory to glucose oxidation has major
implications for studies of cells in cul-
ture. Serum supplementation is used in
most tissue culture systems, usually in a
concentration equivalent to 10 percent
by volume, and at that concentration
glucose oxidation would be decreased
> 90 percent. The immediate conclusion
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Table 1. Decrease in [6-'*Clglucose oxidation
in the presence of serum. The serum in each
test system was equivalent to 10 percent (by
volume), which is similar to the amounts
added to cells in culture. Values are means
(and standard deviations) for four different
preparations. The control rate for *CO, pro-
duction was 3.94 nmole/hour per milligram
(standard deviation, 0.38).

Protein Percent-

concen- age of

Serum tration control
(mg/ml) value

Human 7.86 18 (1.4)
Horse 7.54 22 (2.9
Rat 6.89 17 (0.9)
Rat (frozen) 8.38 19 2.2)
Fetal bovine 4.4 14 (1.0)
Fetal bovine 4.1 40 (7.8)

(dialyzed)

is that the amount of glucose oxidized by
cells in culture is much less than the
amount of glutamine oxidized under the
same conditions. Recent studies show
that glutamine can serve as a major ener-
gy source for mammalian cells in culture
(23-25). The presence of an inhibitor of
glucose oxidation would increase this
dependence on glutamine oxidation. The
use of unfractionated serum in tissue
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Fig. 2. The effect of serum on the oxidation of
[6-'“Clglucose (open bars), [U-'*Clglutamine
(crosshatched bars), and [3-'*C]-3-hydroxy-
butyrate (closed bars) by dissociated brain
cells. Values are percentages (+ standard
errors) of the control values (rates obtained in
the absence of serum). The average rates for
controls were 4.24, 3.69, and 8.95 nmole/hour
per milligram for glucose, 3-hydroxybutyrate,
and glutamine, respectively. The numbers of
individual animals are shown in parentheses.
Concentrations of serum protein added were
(A) 2.56 and (B) 10.2 mg/ml. Specific activi-
ties of the substrates were 69,000, 195,000,
and 32,700 dpm/uwmole for [6- "‘C]glucose [3-
'*C}-3-hydroxybutyrate, and [U-"Clgluta-
mine, respectively. Statistical significance
was evaluated with the Scheffé test for multi-
ple comparisons.

culture may promote the growth of cells
that do not utilize glucose.

Simmons et al. (26) recently showed
that defatted albumin inhibited oxygen
uptake and energy utilization. They pro-
posed a regulatory mechanism for ener-
gy utilization involving the ratio of myo-
inositol and albumin. In another study,
Kaufman and Barrett (12) reported the
presence of one or more factors in serum
that are toxic to neuronal cells. These
results emphasize the need to evaluate
further the presence of a factor that
affects substrate oxidation, to identify its
molecular nature, and to determine its
physiological role. The isolated inhibi-
tory factor may provide a tool for delin-
eating metabolic compartments in the
brain.

J. Tyson TIiLDON
JosepH H. STEVENSON
Department of Pediatrics,
University of Maryland School of
Medicine, Baltimore 21201
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