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Ketone bodies activate gluconeogenesis in isolated rabbit
renal cortical tubules incubated in the presence of amino
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In isolated rabbit renal kidney-cortex tubules 2 mM glycerol, which is a poor
gluconeogenic substrate, does not induce glucose formation in the presence of
alanine, while it activates gluconeogenesis on substitution of alanine by aspar-
tate, glutamate or proline. The addition of either 5 mM 3-hydroxybutyrate or 5
mM acetoacetate to renal tubules incubated with alanine+glycerol causes a
marked indoction of glucose production associated with inhibition of glu-
tamine synthesis. In contrast, the rate of the latier process is not altered by
ketones in the presence of glycerol and either aspartate, glutamine or proline
despite the stimulation of glucose formation. Acceleration of gluconeogenesis
by ketone bodies in the presence of amino acids and glycerol is probably due
to (i) stimulation of pyruvate earboxvlase activity, (ii) activation of malate-
aspartate shuttle as concluded from elevated intracellular levels of malate,
aspartate and glutamate, as well as (iii) diminished supply of ammonium for
glutamine synthesis from alanine resulting from a decrease in glutamate

dehydrogenase activity.

High activities of 3-hydroxybutyrate dehy-
drogenase, 3-oxoacid-CoA transferase and
acetoacetyl-CoA thiolase in the kidney make
this organ capable of utilizing 3-hydroxy-
butyrate (3-HB) and acetoacetate (AcAc) as
oxidative fuels via their conversion into ace-
tyl-CoA [1-3]. It has been reported that AcAc
is readily taken up by rat kidney and pro-
vides, depending on its concentration, up to
80% of the respiratory fuel whereas endo-
genous respiration is suppressed [4]. Both
3-HB and AcAc have been reported to exert

a stimulatory effect on renal gluconeogenesis
from lactate, pyruvate and glycerol, probably
by increasing intracellular acetyl-CoA con-
tent resulting in stimulation of pyruvate car-
boxylase activity [5]. Moreover, 3-HB was
shown to inhibit ammoniagenesis from glu-
tamine in isolated kidneys and mitochondria
[6], indicating that ketone bodies may act not
only as respiratory fuels but also as regula-
tors of renal metabolism.

Despite the existence of amino acid ami-
notranferases and glutamate dehydrogenase
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activities in guinea pig and rabbit renal cor-
tical tubules, amino acids such as alanine,
glutamate and aspartate are not utilized for
gluconeogenesis when used as the sole sub-
strates [7-11], while glutamine synthesis is
very efficient [8, 10, 11]. Glycerol, which is
also a very poor gluconeogenic substrate in
rabbit kidney-cortex tubules [9], has been
shown to induce gluconeogenesis from gluta-
mate [9] and aspartate [10] by a mechanism
involving inhibition of glutamine synthesis
and acceleration of glyceraldehyde-3-phos-
phate dehydrogenase activity due to eleva-
tion of the eytosolic redox state [10]. The aim
of the present investigation was to study the
effect of ketone bodies on glucose formation
from amino acids in rabbit renal cortical
tubules incubated with glyeerol.

MATERIAL AND METHODS

Preparation and incubation of kidney-
cortex tubules. Fed rabbits imale, Califor-
nia strain, 2-3 kg body weight) were anes-
thetized with pentobarbital injected into ear
marginal vein (30 mg per kg body weight). In
some experiments rabbits starved for 48 h
were used. Renal cortex tubules were iso-
lated as described previously [12] and incu-
bated (about 10 mg dry weight) at 37°C in 2
ml of Krebs-Ringer bicarbonate buffer (pH
7.4)in 25 m] plastic Erlenmeyer flasks sealed
with rubber stoppers under the atmosphere
of 95% Oy + 5% COy. Substrates were added
at concentrations given in legends to Tables
and Figure. For the measurement of total
production of metabolites in renal tubule
suspension the reaction was stopped after 60
min of incubation by addition of 35% per-
chloric acid (0.1 vol. of tubule suspension).

Analytical methods. Both utilization of
alanine and glyeerol and production of amino
acids, lactate, ammonium and glucose were
estimated from measurements of metabo-
lites in samples withdrawn from the reac-
tion medium following 60 min of incubation.
The intracellular content of metabolites in
isolated kidney tubules was measured in
samples following centrifugation of tubule
suspension through silicone oil into a per-
chloric acid solution as described previously
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[12]. The isotopic studies used for investiga-
tion of the contribution of different sub-
strates to glucose formation were performed
according to Exton & Park [13] and Pilkis et
al. [14]. Fixation of ! {302 by renal tubules
was determined in the incubation mixture
containing a trace amount of sodium [**C]bi-
carbonate [8]. Glucose, ammonium, lactate,
malate, pyruvate, 3-HB, AcAe, glycerol, G-
3P, DHAP and 2-oxoglutarate were esti-
mated either spectrophotometrically or
fluorimetrically by standard enzymatie tech-
niques [15]. Serum levels of ketone bodies
were measured enzymatically in deprote-
inized blood samples. Amino acids were de-
termined by HPLC after derivatization of
samples with DABS-C] [16].

Enzymes and chemicals. Collagenase
(EC 3.4.24.3), type IV, 4-dimethylaminoa-
zobenzene-4’-sulfonyl chloride (DABS-CI), L-
alanine, 3-hydroxybutyrate, acetoacetate
and L-methionine sulfoximine (MSO) were
purchased from Sigma Chemical Co. (St.
Louis, MO, U.S.A.). Enzymes for metabolite
determination were from Boehringer
(Mannheim, Germany), Reanal (Budapest,
Hungar}'] and P.O. Ch (Gliwice, Poland). [U-
H ClGlycerol and [U-14CJL-alanine were from
Amersham Searle Corporation (Amersham,
U.K.), while [**Clsodium bicarbonate was
from Swierk (Poland). Other reagents were
from P.0.Ch. (Gliwice, Poland).

RESULTS AND DISCUSSION

Glucose synthesis

In agreement with the data obtained for
guinea pig [8], rat and dog [17], the rate of
gluconeogenesis in rabbit renal cortical tu-
bules with 1 mM alanine added as the sole
substrate was negligible (Table 1). Although
the addition of various concentrations of
either ketone bodies or glycerol to renal tu-
bules incubated with 1 mM alanine did not
affect glucose formation (not shown), increas-
ing concentrations of either AcAc or 3-HB in
the presence of both 1 mM alanine and 2 mM
glycerol resulted in a marked induction of
gluconeogenesis (Fig. 1). The maximal rate of
glucose synthesis was exhibited in the pres-
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Table 1. The effect of 3-hydroxybutyrate on the rate of gluconeogenesis in renal tubules incubated

with amino acids and glycerol
Substrates . Glucose synthesis {(pmol'h per g dry wt.)

-3-HB +3-HB
Glycerol 4.8+0.2 14.8+1.7° _
Alanine+glycerol 3.9:0.5 53.8+4.9%
Aspartate+glycerol 33.5£3.3 85.5+3.0°
Proline+glyeerc] 40.5+4.5 60.0£5.0"
Glutamate+glyceral 38.5+£3.3 53.5+5.2°

Renal tubules were incubated for B0 min. Amino acids and glycerol were added at 1 and 2 mM concentration, while 3-HBE an AcAc
were 5 mM. Values are means =5.10. for 5-10 experiments. “ P < 0.05 vs corresponding contrn] value with no ketone body. The rates
af gluconeogenesis in the presence of alanine, aspartate, proline and glutamate applied as the sole substrates were 3.5=0.2, 3.5=0.6,

£.322.2 and 4.122 8 pmolh per g dry weight, respectively.

ence of alanine, glycerol and 5 mM 3-HB. A
lower glucose production observed in the
presence of 5 mM AcAc and alanine+glycerol
was not caused by a slower AcAc metabolism
since the rates of 3-HB and AcAc consump-
tion in the presence of alanine and glycerol
were similar (56.5+6.1 and 55.0+7.3 pmol/h
per g dry wt., respectively). As gluconeogenic
activity with alanine, glycerol and 5 mM
3-HB was by about 45% higher than that
measured in the presence of 5 mM AcAc, we
have studied the effect of 5 mM 3-HB on
glucose formation in renal tubules incubated
with glycerol and several other amino acids.
As shown in Table 1, 2 mM glycerol induced
gluconeogenesis in the presence of aspartate,
glutamate or proline, confirming our pre-
vious observations concerning glutamate and
aspartate [9, 10]. Interestingly, the addition
of 3-HB to renal tubules incubated with glyc-

erol and either aspartate, proline or gluta-
mate resulted in a significant acceleration of
gluconeogenesis.

Since the most effective action of ketone
bodies on gluconeogenesis was observed in
the presence of glycerol and either alanine or
aspartate, we have studied the effe::t of ke-
tones on the incorporation of [U- C]aub-
strates into glucose in tubules incubated with
these amino acids and glycerol. As presented
in Table 2, both 3-HB and AcAc augmented
the incorporation of [U- C]alamne into glu-
cose in the presence of g]yoernl 8.5- and
5.5-fold, respectively, while [U- 4C}gl}=cﬂm1
utilization for gluconeogenesis was increased
11- and 7-fold, respectively. Moroever, the
addition of 3-HB to tubules incubated with
aspartate+glycerol duubled both [U-

Claspartate and [U-14Clglycerol incorpora-
tion into glucose.

Glucose synthesis (umolfh per g dry wi)

Figure 1. The effect of increasing
concentrations of either 3-HB or
AcAc on glucose formation in re-
nal tubules incubated with alan-
ine+glycerol.

Alanine and glycerol were applied at
1 and 2 mM concentration, respec-

o 2 i -]

Ketone body concentration (mM)

; 1'“ tively. Values are expressed as means
+5.D. for 5-10 experiments. () +3-
HBE; ([ +AcAc.
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Table 2, The effect of 3-hydroxybutyrate and acetoacetate on the incorporation of [U-"*Clalanine,

[U-'*Claspartate and [U-1*Clglycerol into glucose

14 -
"4C.Labeled Unlabeled Ketone ko S o
substrate gubstrate hodias (pmo 2 unita'h per

) g dry wt.)

[U-1¢)Alanine glycerol None 2.5+0.4
[U-"*ClAlanine glycercl 3-HB 21.622.9% b
[U-'*C]Alanine glycerol Ache 14.4+1.5"
[U-'*ClAspartate glyceral None 12.2:1.1
[U-"*C]Aspartate glycerol 3.HB 93,2429
[U-1*C]Glycerol alanine MNone T8+1.7
[U-YC)Glycerol alanine 3.-HB 89.622.4% P
[U-"C]Glycerol alanine AcAc 56.9+6.5"
[U-"C1Glycerol aspartate None 45.3+2.3
[U-C1Glycerol aspartate 3-HB 80.5+5.5%

Experimental conditions were as deseribed in the legend to Table 1 and under Material and Methods, Values for [MClglucose synthesis
are means = 5.0, for 3 experiments. *F < 0.05 ox corresponding control value with na ketone body; YP < (L05 va corresponding contral

value with alanine+glycerols Achc.

Utilization of amino acids as well as glu-
tamine and glutamate synthesis

The utilization of 1 mM alanine and aspar-
Late by rabbit renal tubules was similar
(180.0+£5.0 and 175.0+6.5 pmol’h per g dry
wt., +5.D., respectively, for 5 experiments }
and changed neither on addition of glycerol
nor of ketone bodies (not shown). As pre-
sented in Table 3, addition of glycerol to
tubule suspension incubated with alanine
did not affect glutamine and glutamate for-
mation. In contrast, the presence of glycerol
resulted in a marked inhibition of glutamine
synthesis from aspartate, confirming our
previous observations [10]. A significant sup-
pression of glutamine production accompa-
nied by a marked glutamate accumulation
was observed upon the addition of either
AcAc or 3-HB to tubules metabolizing alan-
ine and glycerol, while 3-HB did not affect
glutamine synthesis when alanine was sub-
stituted by either aspartate (Table 3), proline
or glutamate (not shown). Thus, it is likely
that ketone body-induced inhibition of glu-
tamine synthesis in the presence of alan-
ine+glycerol might contribute to increased
utilization of amino-acid carbon skeleton for
gluconeogenesis (cf. Table 2).

The production of ammonium by renal tu-
bules incubated with alanine and glycerol
was negligible (not shown) due to a high
activity of glutamine synthetase which effec-
tively consumes ammonium ions for glu-
tamine production and therefore masks the
activity of glutamate dehydrogenase, as
shown previously for rabbit kidney-cortex
tubules incubated with aspartate [10] and
for guinea pig renal cortical tubules metabo-
lizing glutamate [18], alanine [17] or aspar-
tate [11]. In agreement with these data, the
addition of 1 mM MSO, a potent inhibitor of
glutamine synthetase [19], to renal tubules
incubated with alanine+glycerol resulted in
a massive release of ammonium to the reac-
tion mixture. Ammonium formation was
markedly lowered in the presence of either
3-HB or AcAc (from 69.0£2.5 to 39.5x4.5 and
46.5+5.3 pmol/h per g dry wt., +S.D., with
alanine+glycerol, alanine+glycerol+3-HB
and alanine+glycerol+AcAc, respectively, P <
0.05 for 3 experiments), indicating that inhi-
bition of glutamate dehydrogenase activityin
the presence of ketone bodies might be re-
sponsible for the suppression of glutamine
formation (cf. Table 3). The possible mecha-
nisms involved in ketone body-induced inhi-
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Table 3. The effect of ketone bodies on glutamine and glutamate synthesis in renal tubules incu-

bated with alanine, aspartate and glycerol

Glutamate

Substrates Ketone bodies Glutamine

{pmolh per g dry wt.}
- None 55.0=4.0 24.5=2.2
Alanine None 106.0+5.5 39.4+3.3"
Alanine+glyeerol None 110.53.7 37.522.5
Alanine+glycerol AcAc 60.5+2.0" 68.5+5.7"
Alanine+glycerol 3-HB 57.5+9.3° 73.5+7.3°
Aspartate None 100.5210.4 50.45.6
Aspartate+glycerol None 50.5+5.6 105.2+10.6°
Aspartate+glyceral 3-HB 55.426.7° 124.4+12.6°
Glycerol None 57.922.5 25.0=1.6
Glyeerol AcAc 54.225.5 30.6+2.0°
Glyeerol 3-HB 50.5+8.4 298.5+0.3"

Experimental conditions were as described in the legend to Table 1. Values are means = 5.0, for 5-10 experiments. * P < 0.05 us
contral with glycerol; P < 0.05 us control with alanine+giycerol; ° P < 0.05 vs control with aspartate; * P < 0.05 ps contral with aspar-

tata+glyeeral.

bition of glutamate dehydrogenase are (i)
elevation of the intramitochondrial
NADH/NAD" ratio and (ii) the increase of
intracellular content of 2-oxoglutarate, the
end-product of glutamate dehydrogenase,
due to stimulation of flux through tricar-
boxylie acid cycle (cf. Table 4). Similarly, the
3-HB-induced increase in the intramitochon-
drial redox state was reported to result in a
significant suppression of ammoniagenesis
in rat kidney mitochondria incubated with
glutamine [6], while ketone bodies-induced
elevation of intracellular 2-oxoglutarate con-
centration was associated with a lowered

ammonium formation from glutamine in per-
fused dog kidney [20].

Glycerol utilization and lactate production

It has been reported that transport of reduc-
ing equivalents from cytosol into mitochon-
dria might limit gluconeogenesis from glye-
erol, sorbitol and lactate in both renal cortical
tubules and hepatocytes [10, 21-23]. As pre-
sented in Table 5, alanine increased both
glycerol consumption and lactate formation.
Moreover, inclusion of ketone bodies in the

incubation media containing alanine plus
glycerol produced a significant stimulation of
glycerol consumption, while lactate synthe-
sis was slightly diminished in the presence of
3-HB. In contrast, in the absence of alanine
neither 3-HB nor AcAc affected lactate pro-
duction, whereas glycerol consumption was
only by about 25% higher than that meas-
ured with glycerol as the sole substrate. This
suggests that the increased glycerol utiliza-
tion observed with alanine and ketones
might have resulted from the activation of
malate-aspartate shuttle.

Intracellular metabolite levels and COg
fixation

In the absence of alanine intracellular lev-
els of G-3P were very high and not affected
by the addition of ketone bodies (43.0+5.7
and either 46+3.3 or 38.0+2.0 pmol/g dry wt.,
+S.D., for glycerol with 3-HB or AcAc, respec-
tively, P < 0.05 for 4 experiments). As shown
in Table 4, the inclusion of ketones to the
incubation mixture containing alanine+glyc-
erol produced a significant decrease in G-3P
content accompanied by an elevation of intra-
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Table 4. Intracellular levels of metabolites in renal tubules incubated with alanine plus glycerol

and either 3-hydroxybutyrate or acetoacetate

Alanine +glycerol + 3-HB  Alanine +glycerol + AcAc

Alanine+glycerol
Metabolites _
Glutamate 8.0£0.6
Aspartate 3.7 0.1
Malate 0.22+0.03
2-Oxoglutarate 0.31+0.01
G-3P 46.7+ 4.1
DHAP 0.06+0.01
Lactate 35 =04
Pyruvate 0.44=0.08

Metaba'ht.e levels (pmol/g dry weight)

14.0 £1.17

23.2+3.0"
5.5 £0.1" 4.6 =0.1*
0.50+0.04* " 0.42+0.01°
0.66+0.04" 0.66+0.05"

138 +83.7%b 20.7 +1.7*
0.06+0.01 0.0520.01
2.9 +0.6 3.0 £0.3°
0.46+0.05 0.51+0.01

Renal tubules were incubuated with aubstrate concentrations shown in the legend to Table 1 and separated from the reaction medium
ae described wnder Material and Methods. The intracellular levels of metabolites are means £5.1. for 4 separate experiments and
were measured fallowing 60 min of incubation. P < 0.05 vs alanine+glyeercl; "P < 0.05 vs alanine+glycerolsAcAc

cellular levels of glutamate, aspartate and
malate, indicating activation of the malate-
aspartate shuttle, leading to a fall of the
eytosolic NADH/NAD™ ratio and acceleration
of G-3P dehydrogenase activity which could
result in stimulation of glucese formation
from glycerol (cf. Table 2). In agreement with
this suggestion, the addition of either 3-HB
or AcAc to renal tubules metabolizing alan-
ine and glycerol produced a marked decrease
in the [G-3P}J[DHAP] ratio (from 770+78 to
218+11 and 348225, respectively, P < 0.05),
while the [lactate)/|pyruvate] ratio was much
less affected (8.01+0.45, 6.09+0.35 and
5.88+0.38 without and with AcAc or 3-HB,
respectively, P < 0.05 for 3 experiments). In
view of these observations one might con-
clude that the redox couples tested are poorly
connected, confirming observations for renal
tubules [10] and isolated hepatocytes [24].
In view of the markedly increased intracel-
lular levels of aspartate and malate observed
on the addition of ketones to renal tubules
incubated with alanine+glycerol (cf. Table 4)
it is likely that ketone body-induced accelera-
tion of alanine incorporation into glucose (cf.
Table 2) and activation of the malate-aspar-
tate shuttle might be due to stimulation of
pyruvate carboxylation. The induction of glu-
coneogenesis from alanine upon the addition
of either 5 mM 3-HB or 5 mM AcAc to the

reaction medium containing alanine plus
glycerol (cf. Table 1), was assnmated 1wﬂ.'.h
about 35% and 25% stimulation of CO;
fixation (from 25.2+0.9 to either 36.4+0.5 or
31.2+0.7 pmol/h per g dry wt., £8.D., with
alanine+glycerol and either 3-HB or AcAc,
respectively, P < 0.05 for 3 experiments)
pointing to acceleration of pyruvate carboxy-

lation. lnterestlngly, a significant stimula-
tion of 1 C'Dg fixation was also observed on
the addition of 3-HB to renal tubules incu-
bated with aspartate+glycerol (from
34.9+3.3 to 46.3+2.2 pmol'h per g dry wt.,
P < 0.05). Pyruvate generation by pyruvate
kinase has been postulated to be of great
importance for aspartate metabolism, since
the inhibition of pyruvate entry into mito-
chondria by a-cyano-4-hydroxycinnamate in
guinea pig kidney-cortex tubules incubated
with aspartate suppressed both aspartate
removal and glutamine synthesis [11]. Thus,
it is likely that the stimulation of pyruvate
carboxylation by 3-HB in rabbit renal tu-
bules incubated with asparate+glycerol may
also contribute to an increased utilization of
aspartate for gluconeogenesis (cf. Table 2).
The more pronounced action of 3-HB on glu-
coneogenesis in the presence of alanine+glye-
erol compared with that observed with AcAc
instead of 3-HB, might have resulted from
the ability of 3-HB to increase more effec-
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Table 5. The effect of ketone bodies on glycerol removal and lactate formation in renal tubules in-
cubated with glycerol in the absence or presence of alanine

Glycerol Lactate
el Ketone bodies sl ivemionsl (3 o ginclinition 6)
_ Eumnl-"l'l. per g dry wt._}l
Glyeerol None =106.5=5.2 +50.5+7.8
Glyeeral AcAe -134.0+4.9" +54.0+5.0
Glycerol 3-HB -126.5=4.5" +47.0+4.9
Alanine+glycerol None -157.5+2.0 +79.5+3.4
Alanine+glycerol AchAc -222.024.1% +75.7+3.3
Alanine+glycerol 3-HB 265 5+4.4% +56.5£1.4% P

Experimental conditions were a8 described in the legend to Table 1. Values are means =3.0. for § experiments. * P < 0.05 vs carre-
sponding control value without ketane body: ® P < 0.05 s contral with alanine+glyeerol+AcAe

tively the mitochondrial redox state [6] since
the elevation of the mitochondrial
NADH/NAD" ratio was observed to potenti-
ate the sensitivity of pyruvate carboxylase to
its activator, acetyl-CoA [25] as well as to
diminish pyruvate dehydrogenase activity
[26, 27] resulting in an enhanced supply of
pyruvate for carboxylation. The requirement
for glycerol in ketone body-induced stimula-
tion of gluconeogenesis from alanine and
aspartate results probably from the ability of
glycerol to produce a marked increase in the
cytosolic redox-state, resulting in accelera-
tion of glyceraldehyde-3-phosphate dehydro-
genase activity as shown previously for rab-
bit renal cortical tubules incubated with glu-
tamate [9] and aspartate [10].

Physiological relevance

Although in the early postabsorptive state
the contribution of kidney to gluconeogenesis
does not exceed 10%, it increases markedly
during prolonged starvation [28]. In normal
humans and animals the serum levels of
ketone bodies are low but they are dramati-
cally increased in response to alterations in
the physiological state. For example, starva-
tion of humans or rats for 48 h results in an
elevation of serum ketone bodies from
0.1-0.3 mM up to 2-3 mM concentrations
[29]. The serum concentrations of 3-HB and
AcAcin fed rabbits were equal to 0.023+0.002
and 0.033+0.010 mM, and after 48 h starva-

tion of animals were elevated about 10- and
5.5-fold, respectively (up to 0.26+0.05 and
0.18+0.03 mM, respectively, P < 0.001 for 6
rabbits). Similarly, the serum level of 3-HB
in starved rats was reported to increase to a
greater extent than that of AcAc [30]. There-
fore, it seemed interesting to check the effect
of physiological concentrations of 3-HB and
AcAc on glucose synthesis in tubules isolated
from starved rabbits incubated in the pres-
ence of alanine and glycerol, Moreover, we
have decided to lower glycerol concentration
to 0.4 mM, i.e. to the level found in serum of
starved animalg [31].

Although there was no significant increase
in glucose formation on addition of low con-
centrations of ketones (i.e. equal to those
determined in serum of fed rabbits) to renal
tubules isolated from starved animals incu-
bated with 1 mM alanine and 0.4 mM glye-
erol (10.9+£1.8 and 11.7+2.2 pmol/h per g dry
wt., £5.D., in the absence or presence of
ketone bodies, respectively, for 4 experi-
ments), the addition of 3-HB plus AcAc at 0.3
and 0.2 mM concentrations, respectively, re-
sulted in an increase in gluconeogenesis up
to 22.1+2.8 pmol/h per g dry wt. (P < 0.05),
indicating the physiological importance of
the added compounds.

The data presented in this paper show that
ketone bodies play an important regulatory
role in renal gluconeogenesis. We have dem-
onstrated for the first time that in the pres-
ence of glycerol, ketone bodies induce glucose
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formation from alanine and accelerate glu-

coneogenesis on substitution of alanine by
aspartate, proline or glutamate. Moreover,
ketone body-induced stimulation of gluconeo-
genesis in the presence of alanine+glycerol is
observed at physiological concentrations of
3-HB and AcAc. In addition, ketone bodies in
the presence of amino acids activate glycerol
incorporation into glucose, probably due to
activation of the malate-aspartate shuttle.
This, to our knowledge, might represent a
novel mechanism responsible for ketone
body-induced stimulation of gluconeogenesis
from glycerol, which is known to be efficiently
taken up by the kidney [32]. Finally, the data
presented in this paper clearly indicate that
the contribution of various substrates to glu-
cose synthesis in the kidney established with
the use of glucose precursors applied as the
sole substrates, may be different from that
estimated at substrate concentrations pre-
sent in the blood in physiological conditions.

The authors thank Miss Bozena Dabrowska
for technical assistance.
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