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Context: Ketone bodies are substrates during fasting and when on a ketogenic diet not the least
for the brain and implicated in the management of epileptic seizures and dementia. Moreover,
D-�-hydroxybutyrate (HOB) is suggested to reduce blood glucose and fatty acid levels.

Objectives: The objectives of this study were to quantitate systemic, cerebral, and skeletal muscle
HOB utilization and its effect on energy metabolism.

Design: Single trial.

Setting: Hospital.

Participant: Healthy post-absorptive males (n � 6).

Interventions: Subjects were studied under basal condition and three consecutive 1-hour periods
with a 3-, 6-, and 12-fold increased HOB concentration via HOB infusion.

Main Outcome Measures: Systemic, cerebral, and skeletal muscle HOB kinetics, oxidation, glucose
turnover, and lipolysis via arterial, jugular, and femoral venous differences in combination with
stable isotopically labeled HOB, glucose, and glycerol, infusion.

Results: An increase in HOB from the basal 160–450 �mol/L elicited 14 � 2% reduction (P � .03)
in glucose appearance and 37 � 4% decrease (P � .03) in lipolytic rate while insulin and glucagon
were unchanged. Endogenous HOB appearance was reduced in a dose-dependent manner with
complete inhibition at the highest HOB concentration (1.7 mmol/L). Cerebral HOB uptake and
subsequent oxidation was linearly related to the arterial HOB concentration. Resting skeletal
muscle HOB uptake showed saturation kinetics.

Conclusion: A small increase in the HOB concentration decreases glucose production and lipolysis
in post-absorptive healthy males. Moreover, cerebral HOB uptake and oxidation rates are linearly
related to the arterial HOB concentration of importance for modifying brain energy utilization,
potentially of relevance for patients with epileptic seizures and dementia. (J Clin Endocrinol Metab
100: 636–643, 2015)

Ketone bodies represent an alternative energy source
when the carbohydrate intake is very low as during

starvation when gluconeogenesis becomes limited, or

when living on the ketogenic diet that typically consists of
88% fat, 10% protein, and only 2% carbohydrates. The
ketogenic diet has been used for decades to treat central
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nervous system (CNS) disorders (1), has been proven suc-
cessful in seizure management of juvenile and adult epi-
lepsy (2), and has been implicated in improved motor
scores in patients with Parkinson’s disease (3) and cog-
nitive function in Alzheimer’s disease (4). In addition,
exogenous provision of ketone bodies has been shown
to decrease glucose and fatty acid levels in humans and
thus has the potential as an adjunct in the management
of hyperglycemia and hyperlipidemia in, for example,
patients with type 2 diabetes despite the ketone bodies’
ill reputation due to the complication of ketoacidosis in
patients with type 1 diabetes (5–9). Unfortunately, both
the ketogenic diet and ingestion of substantial quanti-
ties of ketone bodies to enhance their blood concentra-
tion are impracticable. In CNS disorders, the ketogenic
diet is impractical because of its low compliance given
that it is almost impossible to ingest pure fat-containing
food items as it is unpalatable, the very low fiber intake
causes constipation, and in children with epilepsy, growth
disordershave been observed (10). Ingestion of large quan-
tities of ketone body salts to enhance the blood concen-
tration is also impractical because it causes gastrointesti-
nal distress. However, ingestion of ketone monoesters was
both safe and tolerable in healthy human volunteers with
doses raising blood ketone body levels to approximately 1
mmol/L with a slow elimination time (11, 12). However,
few human studies have determined ketone body kinetics
of the brain (13, 14) and skeletal muscle (15–19) as the
quantitative largest peripheral tissue that should guide
oral ketone supplementation in CNS disorders. Moreover,
several studies have investigated systemic human in vivo
ketone body metabolism but lack the determination of
glucose production and lipolysis (5–9). In addition, exog-
enous oral or iv provision of mainly hydroxybutyrate may
have been affected by the fact that not the endogenous
D-�-hydroxybutyrate (HOB) was provided but the race-
mic mixture of D- and L-�-hydroxybutyrate and/or in
doses affecting the blood pH (6, 14, 20). Therefore, we
investigated the metabolic effects of acute hyper-D-�-
hydroxybutyratemia in healthy young males by infusing
HOB at three consecutive increasing rates for 1 hour,
eliciting an approximately 3-, 6-, and 12-fold higher
HOB concentration compared with the basal overnight
fasting level. We investigated the effects of these three
levels of acute hyper-D-�-hydroxybutyratemia on the
HOB systemic, cerebral, and skeletal muscle kinetics
and the HOB conversion rate to the other abundant
ketone body acetoacetate (AcAc) and their mutual ox-
idation rate; hence, ketone body oxidation rates. More-
over, we determined the role of acute hyper-D-�-hydroxy-

butyratemia on the endogenous glucose production and
utilization and lipolysis.

Materials and Methods

Subjects
Six male subjects participated in the study at an age of 25 �

4 years, body weight of 81 � 9 kg, and a body mass index of
23 � 2 kg/m2. Before the study the subjects underwent a med-
ical examination demonstrating normal blood analyses. The
subjects were physically active; not smoking or using medi-
cation, nor had a known history of medication/disease. The
subjects were informed of risks and discomfort associated
with the experimental protocol both orally and in writing as
approved by the Ethical Committee for the region of Copen-
hagen (H-D-2008-115) in accordance with the Declaration of
Helsinki.

Protocol
On the experimental day the subjects reported to the labora-

tory at 0800 h after an overnight fast (from 2200 h) and brachial,
arterial, jugular, and femoral venous catherization was per-
formed (21). Some 20 minutes after catheterization a primed
continuous infusion via an antecubital vein was started of so-
dium HOB (prime, 1.5 �mol/kg; 0.1 �mol/kg/min), [6,6-
2H2]glucose, (prime, 17.6 �mol/kg; 0.4 �mol/kg/min, [1,1,2,3,
3-2H5]glycerol (prime 1.5 �mol/kg; 0.1 �mol/kg/min), and a
priming bolus of H13CO3 (Cambridge Isotope Laboratories)
(Figure 1). After a baseline period of 2 hours, HOB infusion via
the antecubital vein was started at 4.7 �mol/kg/min (low HOB)
for 1 hour; hereafter, the infusion rate was increased for 1 hour
to 9.4 �mol/kg/min (medium HOB), and 18.8 �mol/kg/min (high
HOB). The infusion rate of D-�-[2,4-13C2]hydroxybutyrate was in-
creased 3-, 4.5-, and 8-fold to minimized enrichment differences
during the hour of low, medium, and high HOB infusion, re-
spectively. Blood and breath sampling and indirect calorimetry
(Cosmed, Quark b2) were performed before and 90, 105, and
120 minutes after the start of the primed continuous tracer in-
fusions and after 30, 45, and 60 minutes at each of the three levels
HOB infusion.

Analysis
HOB and AcAc concentrations and enrichments were deter-

mined by gas chromatography, mass-spectrometry (GC-MS, Au-
tomass II, Finnigan). Glucose and glycerol concentration and
enrichments were determined by liquid chromatography, tan-
dem mass spectrometry (Cohesive TX-1-Sciex API3000) (23).
Blood for blood gas variables was sampled with a gas-tight
heparinized syringes and directly analyzed (ABL725, Radi-
ometer). Blood and breath CO2 enrichment were analyzed
with gas chromatography, isotope ratio mass spectrometry
(GC-IRMS, Finnigan Deltaplus, Finnigan MAT). Details of the
above analysis can be found in Supplemental Materials. Blood
flows were calculated according to van Hall et al (21).

Calculations

Whole-body measurements
The whole-body HOB, glucose, and glycerol rate of appear-

ance (Ra) was calculated as:
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Total Ra � Rd � F/Ea

where F is the isotopic infusion rate (�mol/kg/min) and Ea is the
arterial isotope enrichment of the tracer/tracee ratio.

Endogenous HOB Ra � Total HOB Ra � intravenous

HOB infusion rate

Cerebral and leg calculations
The net uptake of HOB, glucose and glycerol was calcu-

lated as

Net uptake � (Ca � Cv) � blood flow

No differences between arterial and jugular and femoral ve-
nous HOB and AcAc enrichment was observed suggesting that
there was no de novo synthesis or exchange reactions of HOB
and AcAc in brain and skeletal muscle.

The relative cerebral and leg ketone oxidation was estimated
from the 13CO2 release. Despite the fact that [2,4-13C2]D-�-
HOB was infused, a considerable and rapid label incorporation
was found for AcAc and therefore the tissues 13CO2 release is
from both HOB and AcAc oxidation, albeit from the quantity
and enrichment, most 13CO2 originates from HOB oxidation.
Moreover, not all 13C-label from an oxidized 13C-labeled sub-
strate will appear directly as 13CO2 for which a correction factor
should have been applied (24, 25). The correction factor for
13C-label retention is substantial for 13C that enters in the 2
position of acetyl coenzyme A, but the quantity and time ef-
fects are largely unknown. Therefore, we chose not to correct
for 13C-label retention (24, 26).

Relative ketone oxidation � ([{Cv,CO2 � Ev,CO2}

� {Ca,CO2 � Ea,CO2}/2]/[{Ca,HOB � Ea,HOB � Ca,AcAc � Ea,AcAc}

/Ca,HOB � Ca,AcAc])

where Cv,CO2, Ca,CO2, Ev,CO2, Ea,CO2 are the blood CO2 con-
centration and enrichment in tracer/tracee ratio in the veins and

artery, respectively. The factor two is to
account for two 13CO2 appearing from
the oxidation of one molecule of [2,4-
13C2]HOB or AcAc.

Statistics
Statistics were performed on the av-

erage of three measurements made under
basal condition and the three HOB infu-
sion periods. Values in the graphs are
presented as mean � SEM for six sub-
jects and statistical differences between
intervention periods and the tissue sub-
strate net uptake/exchange was ana-
lyzed by comparing mean values with
zero were tested using the nonparamet-
ric Wilcoxon signed-rank test (P �
.05). Tests and curve fitting (Figure 4)
were performed with OriginPro 8.6
(OriginLab).

Results

Systemic, cerebral, and leg skeletal muscle ketone
body kinetics

HOB infusion increased the plasma concentration of
HOB (Figure 2A) and AcAc (Figure 2B), steady levels were
achieved at the low and moderate HOB infusion rate
within 30 minutes. The endogenous HOB Ra decreased
with each increase in HOB infusion and reached zero at the
highest HOB infusion rate (Figure 2C). At the low HOB
infusion rate the AcAc concentration increased similarly
as HOB but lagged behind more at the medium and high
HOB infusions as depicted by the increased HOB/AcAc
ratio (Figure 2D), implying that AcAc conversion from
HOB could not keep up with the high HOB Ra. At the high
HOB infusion rate the HOB/AcAc enrichment ratio
reached unity (Figure 2D), meaning that all AcAc was
derived from the infused HOB agreeing with the absence
of any endogenous HOB production (Figure 2C).

No differences between the arterial, jugular, and fem-
oral venous HOB and AcAc enrichment was found, sug-
gesting that HOB and AcAc are not, or only to a minor
extent, produced de novo or from exchange reactions in
brain and skeletal muscle.

Cerebral HOB and AcAc uptake was only significant at
the medium and high HOB infusion rates and was higher
with the highest arterial HOB and AcAc concentrations
(Figure 3A). However, the relative cerebral ketone oxida-
tion, represented minimal quantities, was observed at all
three HOB infusion rates (Figure 3, A and B) suggesting
cerebral HOB uptake and oxidation at all HOB levels.
Leg, skeletal muscle, HOB, and AcAc uptake was ob-

Figure 1. Schematic presentation of the experimental design. The male volunteers reported to
the laboratory at 0800 h after an overnight fast (from 2200 h the previous evening). Around
0900 h, about 20 minutes after the cauterization procedures, the experiment was started (t � 0)
with the primes and continuous infusion of the stable isotopes. HOB infusion started after 2 h,
consecutively for 1 h at the low, moderate, and high HOB rate (low HOB inf, medium HOB inf,
high HOB inf) to raise the arterial HOB concentration approximately 3-, 6-, and 12-fold.
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served for all conditions. However, ketone relative oxi-
dation only reached significance at the high HOB infusion
rate (Figure 3, C and D). The contribution of the cerebral
and total skeletal muscle HOB uptake to the systemic
HOB disappearance was 8 � 5% and 32 � 8% under
basal conditions and decreased during the high HOB in-
fusion rate to 5 � 2% and 15 � 5%, respectively. Cerebral

HOB uptake was linearly related to
the arterial concentration when the
nonsignificant basal HOB uptake
condition was excluded (Figure 4A).
HOB uptake by skeletal muscle
showed exponential, saturation, up-
take kinetics (Figure 4B).

Systemic, cerebral, and skeletal
muscle glucose and glycerol
kinetics

The arterial glucose concentra-
tion decreased with each increase of
the HOB infusion rate (Figure 5A).
The glucose Ra also decreased with
HOB infusion; however, the largest
decrease (14 � 2%; P � .03) was
found going from basal condition
to the low HOB infusion rate (Fig-
ure 5C). Glycerol concentration
and Ra, a measure for lipolytic rate,
were most decreased going from
the basal condition to the low HOB
infusion rate with 37 � 4% (P �

.03), albeit the high HOB infusion caused a further de-
crease in both glycerol concentration and Ra (Figure 5,
B and D).

The cerebral glucose uptake was unchanged during the
study whereas the basal leg glucose uptake was variable
and absent at the high HOB infusion (Figure 5E). The

leg glycerol release was substan-
tially decreased with the low HOB
infusion but decreased further to
low levels at the high HOB infusion
rate (Figure 5F). The decline of leg
glycerol release was caused mainly
by a decreased unidirectional glyc-
erol release, suggesting either a
reduction in the subcutaneous or
intramyocellular triacylglycerol
breakdown with HOB infusion.

Insulin and glucagon
concentrations

The arterial insulin and glucagon
concentrations were unchanged af-
ter 1 hour at the low HOB infusion
rate but at the medium and high
HOB infusion rates, a decrease in in-
sulin was observed, whereas there
was a modest increase in glucagon
(Figure 6).

A B

C D

Figure 2. Systemic HOB and acetoacetate concentrations and kinetics in healthy males under
basal condition and 1 h of acute low, medium, and high HOB iv infusion. #, Significantly
different from the average basal period; §, Significantly different from the previous period; *, Not
significantly different from zero.

A B

C D

Figure 3. Cerebral and leg HOB and acetoacetate net uptake rates and relative ketone oxidation
rates in healthy males under basal condition and 1 hour of acute low, medium and high HOB iv
infusion. #, Significantly different from the average basal period; §, Significantly different from
the previous period; *, Not significantly different from zero.
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Discussion

The major findings of the present study are that in healthy
postabsorptive young males: First, a relative small acute
increase in the plasma HOB concentration from a basal
level of 160–450 �mol/L via iv HOB infusion caused
within 30 minutes a 14 � 2% reduction in blood glucose
appearance and a 37 � 4% decrease in glycerol appear-
ance, representative for lipolytic rate, in the absence of
changes in both insulin and glucagon. Second, higher
plasma HOB concentrations caused a further decrease in
glucose appearance and lipolysis despite a decrease in in-
sulin and an increase in glucagon that would have the
opposing effect. Third, HOB inhibited its own production
in a dose-dependent manner with complete inhibition at
the highest HOB infusion rate attaining an arterial HOB
concentration of 1.7 mmol/L. Fourth, cerebral HOB up-
take and subsequent oxidation was linearly related to the
arterial HOB concentration. Fifth, resting skeletal muscle
HOB uptake was much lower than the cerebral HOB up-
take when expressed per kilogram of tissue and showed
saturation kinetics with little increase in the HOB uptake
between 0.8 and 1.7 mmol/L.

Glucose production and lipolysis
It is the general finding that ketone body infusion de-

creases glucose and free fatty acid concentrations, but the
mechanism is not well understood. Most human in vivo
studies point at a direct metabolic action of ketone bodies
whereas others claim a hormonally mediated effect (6). In
the present study we observed a marked 14 � 2% decrease
in whole-body glucose appearances and a 37 � 4% de-
crease in the rate of lipolysis within 30 minutes of an acute
increase in the plasma HOB concentration from 160–450
�mol/L. These decreases occurred without a change in
either insulin or glucagon, the most important hormones

for control of liver glucose output
and lipolysis, suggesting that these
changes are directly affected by ke-
tone bodies. A further, but in abso-
lute terms smaller, decrease in glu-
cose appearances and lipolysis was
observed when the HOB concentra-
tion was increased to 1.7 mmol/L,
suggesting no clear dose response of
the HOB concentration on systemic
glucose appearance and lipolysis.
However, the lower insulin and
higher glucagon levels at these higher
HOB infusion rates would elicit a
higher or maintained glucose ap-
pearance rate and higher rate of li-
polysis, thus opposing the effect ob-

served. Acute HOB elevation is also suggested to be
insulinotropic (6), in contrast with the lower insulin con-
centration with increasing HOB concentration in the pres-
ent study. However, to demonstrate the insulinotropic ef-
fect of ketone bodies, the ketone concentrations must be
greater than 2 mmol/L and only manifested in the initial
5–15 minutes of an acute increase in ketone bodies where-
after insulin returned to basal levels (27, 28). Therefore,
the observed changes in insulin and glucagon are most
likely the result of the lower blood glucose concentration.
Most importantly this study shows that even small in-
creases in the plasma HOB concentration have the poten-
tial to reduce glucose levels and lipolysis considerably.
Whether these potential therapeutic effects are long lasting
and present in patient remains to be investigated, includ-
ing the hormonal responses.

Systemic HOB and AcAc kinetics
The postabsorptive basal HOB concentration of 160

mmol/L and rate of appearance of 2 �mol/kg/min com-
pare well with previous investigations (29–31). The low
and medium HOB infusion rate elicited a stable HOB and
AcAc concentration and HOB turnover rates between 30
and 60 minutes upon commencement of the HOB infu-
sion. This was also the case in half of the volunteers for the
high HOB infusion but in the other half a steady � 20%
increase in HOB concentration was observed over the last
30 minutes. This may imply that HOB clearance was
reaching its maximal capacity at the high HOB infusion
rate, not the least in the liver for its conversion to AcAc
implicated by an increased HOB/AcAc ratio and in skel-
etal muscle (see discussion below). HOB inhibited its own
production in a dose-dependent manner reaching com-
plete inhibition at the high HOB infusion rate eliciting a
HOB concentration of 1.7 mmol/L supported by the ob-

A B

Figure 4. Relationship between the arterial HOB concentration and cerebral and leg, skeletal
muscle, uptake rate per kg of tissue in healthy males. A simple exponential curve fitting was
applied for all data, cerebral y � 7.86 � exp(�x/�0.80) � 7.86 and for skeletal muscle y �
�9.25 � exp(�x/0.35) � 7.00. Since a significant cerebral uptake was only determined for the
medium and high HOB concentrations (Figure 3A) a linear fit was made (dashed line), y �
43.1(x) � 13.5. Tissue masses used for the HOB uptake per kg tissue calculations were 1.5 kg as
the average human brain weight and 8.1 kg for the leg skeletal muscle weight estimated from
the total body skeletal muscle mass being in healthy young active males approximately 40% of
the total body weight of which 25% is one leg muscle mass.
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servation that AcAc enrichment reaching unity with HOB.
Alternatively, the reduced lipolysis and thus fatty acid
availability may have caused the inhibition. However, al-
though lipolysis was reduced with HOB infusion, it was
still at an appreciable level. Therefore, it seems that under
postabsorptive conditions the endogenous HOB is inhib-
ited by acute increases in HOB levels.

Cerebral and skeletal muscle HOB kinetics,
oxidation, and effect on glucose uptake

It has been suggested that both brain and skeletal mus-
cle may produce HOB and AcAc (19, 32). We cannot rule

out that possibility, but the observation that the arterial,
jugular, and femoral venous enrichment of both HOB and
AcAc were not significantly different suggests that no, or
to a minor extent, net production or exchange reactions
occurred in brain and muscle. However, HOB was oxi-
dized in both tissues and the first mandatory step in HOB
oxidation is conversion to AcAc within the mitochondria.
Therefore, undoubtedly AcAc is formed in brain and skel-
etal muscle but apparently not leaving the mitochondria
and released into their venous drainage, ie, destined for
oxidation, in postabsorptive healthy males under acute
hyper-D-�-hydroxybutyratemia.

A B

C D

E F

Figure 5. Systemic glucose and glycerol concentrations and rate of appearances and cerebral and skeletal muscle glucose and glycerol net uptake
in healthy males under basal condition and 1 h of acute low, medium, and high HOB iv infusion. #, Significantly different from the average basal
period; §, Significantly different from the previous period; *, Not significantly different from zero.
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Due to the high cerebral blood flow small arterial jug-
ular venous difference are difficult to measure but the
HOB fractional extraction of 11 � 5% under basal con-
dition with little change with increasing plasma HOB
concentrations was similar as suggested previously from
compiled data (28). As a result a linear relationship be-
tween arterial HOB concentration and cerebral uptake
was observed (Figure 4A). Owens et al (13) showed an
arterial HOB concentration of 6.7 mmol/L after 5–6
weeks of starvation in obese patients and a cerebral uptake
of approximately 220 mmol/kg/min, which complies well
with the relationship in the present study as it would give
a cerebral uptake of 270 mmol/kg/min. In addition,
acutely elevated HOB to 2.2 mmol/L via D,L-hydroxybu-
tyrate infusion resulted in a cerebral HOB uptake of 56
mmol/kg/min also within the arterial cerebral HOB up-
take relationship presented in this study (6, 14, 20). These
studies suggest that cerebral uptake of HOB is linear over
a substantial range of HOB concentrations and that
chronic high levels of HOB do not enhance brain ketone
utilization via increased enzymatic capacity and/or cere-
bral ketone transport capacity. Pan et al (33) showed with
13C-magnetic resonance spectroscopy of [2,4-13C2]HOB
that acute elevation of the plasma HOB concentration
from 0.2 to approximately 2 mmol/L causes only a small
increase in the brain HOB concentration from 0.16–0.24
mmol/L, respectively. This suggests minimal accumula-
tion of ketone bodies in the brain, hence direct oxidation
that was indirectly estimated to 45 mmol/min, which is
similar to the direct measured ketone body oxidation in
the present study (Figure 3B). The direct ketone oxidation
rates presented are minimal rates because they should be
corrected for ketones oxidized, but the 13C of the [2,4-
13C2]HOB not directly appearing as 13CO2 due to ex-
change reactions in the tri-carboxylic acid cycle, TCA cy-
cle, that may occur in substantial quantities, not the least
in skeletal muscle, to produce other metabolites (24, 25).
These TCA cycle reactions are more pronounced for 13C-
label in the 1 compared with the 2 position of acetyl co-
enzyme A (26) as is the case in the present study and in the

study of Pan et al (33) using [2,4-
13C2]HOB. However, it is unlikely,
in contrast with muscle, that the
brain provides metabolites in appre-
ciable quantities for other tissues
supported by the observation that
little label from [2,4-13C2]HOB was
found in glutamate and glutamine
(22). Therefore, the cerebral ketone
body oxidations rates are most likely
only to a minor extent underesti-
mated, and show a linear increase
with arterial ketone body concentra-

tion and brain uptake. At the high HOB infusion the
contribution of ketone oxidation accounted for approx-
imately 5% of brain energy expenditure. This relative
small contribution of ketone body oxidation to the total
brain energy expenditure most likely explains the ab-
sence of a significant decrease in cerebral glucose up-
take. In order for ketone bodies to contribute signifi-
cantly to brain energy expenditure the arterial
concentration must be increased considerably to re-
duced brain glucose utilization as shown for lactate
(21).

HOB and AcAc uptake by skeletal muscle was lower
than for the brain if expressed per kilogram of tissue (Fig-
ure 2B). The arterial HOB concentration vs uptake rela-
tionship showed saturation kinetics as previously sug-
gested from compiled data (28). The measured basal HOB
uptake was similar to the few studies that made measure-
ments across the forearm or leg (15–18). However, active
skeletal muscle has shown much higher HOB uptake for a
given arterial HOB concentration (16). Indeed, in a pilot
experiment (unpublished) during 2.5 hours of cycle er-
gometer exercise we observed that the muscle HOB uptake
was approximately5-fold higher compared with resting
muscle but similar to the brain if expressed per kilogram
of tissue and its linearity with the HOB concentration
found in the present study. Inactive skeletal muscle has a
low energy expenditure so little need for energy and this
may limit substrate uptake. Alternatively, upon exercise,
blood flow to the muscles increases many fold and capil-
lary recruitment thereby enhancing the HOB uptake ca-
pacity (34).

In conclusion, the present study provides evidence for
that HOB is a potent inhibitor of systemic glucose appear-
ance, lipolysis, and its own production upon acute in-
creases in HOB concentrations in healthy postabsorptive
males. Moreover, the cerebral HOB uptake and oxidation
rates are substantial in thepresenceof amplebloodglucose
and linearly related to arterial HOB concentrations open-
ing up for modifying brain energy utilization in disease.

A B

Figure 6. Plasma insulin and glucagon concentrations in healthy males under basal condition
and 1 hour of acute low, medium and high HOB iv infusion. #, Significantly different from the
average basal period; §, Significantly different from the previous period.
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Skeletal muscle HOB uptake and ketone body oxidation
seems limited and much lower than that for the brain.
However, active muscle shows a similar HOB uptake per
kilogram of tissue as the brain, suggesting that skeletal
muscle HOB uptake and oxidation is limited by other fac-
tors than the muscles’ ketone body oxidative capacity per
se. These results open for studies examining the possible
therapeutic effects of iv HOB administration in the setting
of diseases.
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