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Summary 

Isolated rat kidney tubules served as a model to investigate the 
direct effects of branched chain aminoacids, their a-ketoderiva- 
tives, and of the homolog straight chain aliphatic a-ketoacids on 
renal gluconeogenesis. It is demonstrated that the a-ketoderiva- 
tives, rather than the branched chain aminoacids themselves, are 
potent inhibitors of renal gluconeogenesis from precursors, enter- 
ing the glucogenic pathway on all levels below and above triose 
phosphate. This inhibitory action is not specific for the branched 
chain a-ketoacids, since it is also observed in the presence of the 
homolog straight chain aliphatic a-ketoacids. The suppression of 
renal gluconeogenesis by i-ketoacids can not be explained by a 
direct inhibition of gluconeogenic reactions, by inhibition of cel- 
lular respiration, or by interference with the stLulatory action of 
Ca++, CAMP, and L-lysine on renal gluconeogenesis. Although 
the point of inhibitory attack of a-ketoacids in renal gluconeogen- 
esisiould not be localized, an impairment of the kidney to respond 
to metabolic acidosis with an increase of gluconeogenesis was 

regulation of glucose homeostasis and the regulation of acid base 
balance, because renal gluconeogenesis is considered to be a 
prerequisite for tubular ammoniagenesis (24, 27). Therefore, the 
kidney was given preference over the liver in the study of the 
direct influence of branched chain aminoacids and their a-keto- 
derivatives on gluconeogenesis. In addition, the kidney offers a 
particular advantage in the study of gluconeogenesis from differ- 
ent gluconeogenic precursors. Although the liver cell membrane 
is effectively impermeable towards citric acid cycle intermediates 
(28), kidney cortex has a reasonable gluconeogenic capacity for 
these intermediates, which seem to penetrate the tubule cell mem- 
brane without difficulty (17). Furthermore, the liver cell mem- 
brane shows only limited permeability towards ketoacids (27-29). 
Lactate, pyruvate, glutamine, succinate, and D-fructose were used 
as substrates because they enter the glucogenic pathway at differ- 
ent levels (29). 

MATERIALS AND METHODS 

since the pH of gluconeOgenesis was Chemicals, and enzymes were obtained from the 
shifted from pH 6.8 to pH 7.7 in the presence of a-ketoisovaleric following sources: Na2~4c03 from Amersham-Buchler (Braun- 
acid. schweig, Germany); sodium salts of the a-ketoacids from Sigma 

Chemical Company (St. Louis, MO); 2,5-diphenyloxazole (PPO) 
Speculation and 1,4-bis-2[4-methyl-5-phenyl-oxazolyl]-benzene (POPOP) 

on the basis of well known pathophysiologic parameten in from W. ~ insse r  ( ~ r a n k f u r i a . ~ : ,  ~e rmany) ;  collagenase (clostri- 

human maple syrup urine disease an in vitro model has been diopeptidase A, EC 3.4.24.3, Reinheitsgrad 11), glucose oxidase 

developed with the purpose of elucidating the pathogenesis of test combinations (GOD-Perid), hexokinase test combinations and 

metabolic acidosis and hypoglycemia in this disease. CAMP from Boehringer (Mannheim, Germany); all other chemi- 
cals were purchased from E. Merck (Darmstadt, Germany). 

In infancy and childhood conditions are encountered in which ANIMALS 

the intake oFprotein or certain aminoacids provokes hypoglycemia 
and/or metabolic acidosis. Such a condition is the rare inborn 
error of metabolism, called maple syrup urine disease (1, 3,4, 11). 
In this disease the oxidative decarboxylation of the branched 
chain a-ketoacids is impaired (3, 4). Therefore, the plasma levels 
of the branched chain aminoacids, L-leucine, L-isoleucine, L- 
valine, and their ketoderivatives, a-ketoisocaproic acid, a-keto-P- 
methylvaleric acid, and a-ketoisovaleric acid, are extremely ele- 
vated (3-5, 13, 3 1). Neither the pathogenesis of metabolic acidosis 
nor that of hypoglycemia in maple syrup urine disease is com- 
pletely understood. Two explanations for hypoglycemia must be 
considered.: 1) stimulation of insulin release from the ,L? cells of 
the islets of Langerhans by leucine and a-ketoisocaproic acid as 
in cases of leucine sensitivity (6, 9) and 2) direct interference of 
branched chain aminoacids and/or their ketoderivatives with the 
role of liver (8, 11) and kidney in glucose homeostasis. 

Inasmuch as Krebs and de Gasquet (18) had reported an 
inhibitory action of aromatic a-ketoacids on renal gluconeogene- 
sis, the influence of the branched chain aminoacids and their a-  
ketoderivatives on glucose synthesis in isolated tubules from rat 
kidney cortex was investigated. In this context it is of interest that 
renal gluconeogenesis may serve a dual function, namely the 

Male rats of the Wistar strain (200-250 g) were kept on the 
standard laboratory chow Altromin R from Altrogge (Lage/Lippe, 
Germany). They were stunned with a blow on the head and killed 
by bleeding. Kidneys were removed within seconds and chilled in 
ice-cold medium of Krebs and de Gasquet (18). 

PREPARATION OF KIDNEY TUBULES 

Kidney tubules were isolated from kidney cortex slices by 
collagenase treatment as described by Guder et al. (lo), except 
that the medium of Krebs and Henseleit (19) was replaced by the 
phosphate-buffered saline medium of Krebs and de Gasquet (18), 
and incubation vessels were gassed during the first 10 min of 
collagenase treatment with oxygen. 

Incubation of kidney tubules during gluconeogenesis experi- 
ments was performed in 15-ml Warburg vessels at 37' under 
oxygen at a shaking rate of 120 cpm with a shaking amplitude of 
4 cm. Tests contained kidney tubules corresponding to 1.0-4.0 mg 
of protein in 2.0 ml of the saline medium of Krebs and de Gasquet 
(18). 

The concentrations of substrates and inhibitors are indicated in 
connection with the appropriate tables and figures. After a pre- 
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gassing period of 10 min vessels were closed and incubations were RESULTS 

started by addition of substrates and terminated 60 min later by 
addition of 0.4 ml 0.33 M HC10,. After neutralizing the medium 
with KHC03 the centrifuged supernatants were analyzed for 
glucose. Glucose was determined by the use of glucose oxidase 
test combinations or hexokinase test combinations, the latter in 
the presence of a-ketobutyrate. No other substance than a-keto- 
butyrate interfered with the glucose oxidase or peroxidase reaction, 
respectively. I4CO2 incorporation into glucose was determined 
according to the method of Stumpf et al. (32). Protein content of 
tubule suspensions was determined by the method of Lowry et al. 
(21) after three cycles of freezing and thawing. 

TUBULAR GLUCONEOGENESIS FROM DIFFERENT SUBSTRATES IN 
PRESENCE OF BRANCHED CHAIN AMINOACIDS 

In maple syrup urine disease serum levels of branched chain 
aminoacids are elevated up to 5 mM (1, 3-5, 11, 13, 3 1). Therefore, 
this concentration was used in the experiments of Tables 1-3 in 
order to evaluate the action of these aminoacids on renal gluco- 
neogenesis. L-Leucine, L-isoleucine, and L-valine showed only 
minor inhibitory effects on glucose synthesis from succinate and 
fmctose. L-Isoleucine also depressed gluconeogenesis from gluta- 
mine (Table 2), whereas L-valine had additional inhibitory effects 

Table 1. The influence o f  L-leucine and a-ketoisocaproic acid on tubular glucose synthesis from various substrates1 

Glucose synthesis (nmol . mg protein-' . hr-I) 

Controls 

Lactate (5 mM) 473 + 0.032 
(4) 

Pyruvate (5 mM) 647 + 0.019 
(4) 

Glutamine (5 mM) 252 + 0.013 
(5) 

Succinate (5 mM) 737 * 0.030 
(4) 

Fructose (5 mM) 1369 + 0.049 
(4) 

L-Leucine % of 
(5 mM) controls 

467 + 0.010 99.00 
(6) 

637 + 0.022 98.00 
(4) 

226 * 0.012 90.00 
(5) 

629 + 0.019 85.00 
(4) 

959 + 0.036 70.00 
(5) 

P Controls 

n.s. 352 & 0.016 
(4) 

n.s. 782 + 0.030 
(5) 

n.s. 464 + 0.008 
(5) 

<0.01 889 + 0.030 
(4) 

<0.0005 2058 & 0.087 
(4) 

a-Ketoisocaproic 
acid (5 mM) 

220 + 0.019 
(4) 

472 & 0.014 
(5) 

369 + 0.014 
(5) 

619 + 0.025 
(4) 

1224 + 0.088 
(5) 

% of 
controls P 

63.00 <0.0025 

Concentrations of substrates, L-leucine, and a-ketoisocaproic acid as indicated. For further experimental details see Materials and Methods. Indicated 
are mean values + SEM (n). P refers to controls. 

Table 2. Influence o f  L-isoleucine and a-keto-P-DL-methyl-valeric acid on tubular glucose synthesis from various substrates' 

Glucose synthesis (nmol . mg protein-' . hr-I) 

a-keto-P-DL- 
L-Isoleucine % of methylvaleric % of 

Controls (5 mM) controls P Controls acid (5 mM) controls P 

Lactate (5 mM) 347 c 0.045 
(4) 

Pyruvate (5 mM) 517 + 0.015 
(5) 

Glutamine (5 mM) 370 & 0.007 
(5) 

Succinate (5 mM) 232 + 0.008 
(4) 

Fructose (5 mM) 350 + 0.018 
(5) 

Concentrations of substrates, L-isoleucine and of a-keto-/3-DL-methyl-valeric acid as indicated. For further experimental details see Materials and 
Methods. Indicated are mean values + SEM (n). P refers to controls. 

Table 3. Influence of  L-valine and of a-ketoisovaleric acid on tubular ~ lucose  synthesis from various substrates' 

Glucose synthesis (nmol . mg protein-' . hr-') 

L-Valine % of a-Ketoisovaleric % of 
Controls (5 mM) controls P Controls acid (5 mM) controls P 

Lactate (5 mM) 485 + 0.003 
(4) 

Pyruvate (5 mM) 207 & 0.004 
(5) 

Glutamine (5 mM) 148 k-0.006 
(4) 

Succinate (5 mM) 173 + 0.009 
(4) 

Fructose (5 mM) 1264 + 0.039 
(5) 

' Concentrations of substrates, L-valine, and a-ketoisovaleric acid as indicated. For further experimental details see Materials and Methods. Indicated 
are mean values ? SEM (n). P refers to controls. 
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Fig. I. Inhibition of tubular gluconeogenesis (in nanomoles per mg protein .hr) from 5 mM lactate by increasing concentrations of a-ketoisocaproic 
acid, a-keto-P-DL-methylvaleric acid, and a-ketoisovaleric acid. Concentrations of inhibitors are indicated on the abscissa. Indicated are the mean 
values of four experiments. For further experimental details see Materials and Methods. 
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Fig. 2. The additive behavior of the inhibitory action of branched chain a-ketoacids on tubular gluconeogenesis from 5 mM lactate, a-Keto-P- 
m.val.: a-keto-P-DL-methylvaleric acid; a-Keto-iso-capr.: a-ketoisocaproic acid; a-Keto-iso-val.: a-ketoisovaleric acid. Inhibitor concentrations were I 
mM. Indicated is the glucogenic rate in nanomoles . mg protein-' . h-'. P refers to controls. For further experimental details see Materials and Methods. 

on glucose synthesis in the presence of glutamine and pyruvate 
(Table 3). The inhibitory effects in these experiments ranged 
between 14% and 32% of the control values. Gluconeogenesis 
from lactate was not impaired by any of the aminoacids investi- 
gated. 

TUBULAR GLUCONEOGENESIS FROM DIFFERENT SUBSTRATES IN 
PRESENCE OF BRANCHED CHAIN a-KETOACIDS 

In contrast to the branched chain aminoacids the corresponding 
a-ketoacids proved to be potent inhibitors from all substrates. The 
glucogenic rates were suppressed to values ranging between 17% 
and 80% of controls. The inhibitors showed no preference for a 
definite substrate (Tables 1-3). The inhibitory action of a-ketoiso- 

caproic acid, a-keto-P-DL-methylvaleric acid, and a-ketoisoval- 
eric acid was visible in the range of 5 .  M (Fig. 1). 

The suppressive effects of the branched chain a-ketoacids on 
tubular gluconeogenesis from 5 mM lactate were additive. When 
5 mM concentrations were employed the combined actions of the 
three a-ketoacids resulted in almost complete suppression of glu- 
cose synthesis (not shown). a-Ketoacid concentrations in the range 
of those encountered in maple syrup urine disease, namely 1 mM 
(4, 5,  13), still inhibited the synthetic rate by 50% (Fig. 2). 

TUBULAR GLUCONEOGENESIS IN PRESENCE OF NONBRANCHED AL- 
IPHATIC a-KETOACIDS 

The inhibitory effect on renal gluconeogenesis was not exclu- 
sively observed in the presence of branched chain a-ketoacids, 
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since the straight chain homologs, a-ketobutyric acid, a-ketoval- a-ketoisovaleric acid the pH optimum of the suppressed glucose 
eric acid, and a-ketocaproic acid, also potently suppressed the synthesis from lactate was shifted from pH 6.8 to pH 7.7. Thus a 
conversion of lactate to glucose (Table 4). When a-ketobutyric situation appeared in which isolated kidney tubules were no longer 
acid was studied in the presence of pyruvate, succinate, and able to respond with increased glucogenic rates in metabolic 
fructose, it depressed the glucogenic rates by 63, 61, and 68%, acidosis (Fig. 3). 
respectively (not shown). 

DISCUSSION 
14c02 INCORPORATION DURING TUBULAR GLUCONEOGENESIS 

FROM LACTATE IN PRESENCE OF a-KETOACIDS 

14C02 incorporation may be used as an indicator of the activity 
of pyruvate carboxylase, the first key enzyme in gluconeogenesis 
from C3 precursors, like lactate and pyruvate (32). Both a-keto- 
P-DL methylvaleric acid and the unbranched a-ketovaleric acid 
inhibited glucose synthesis and 14C02 incorporation into glucose 
during renal gluconeogenesis from lactate (Table 5). 

ACTION OF EFFECTORS OF RENAL GLUCONEOGENESIS IN PRES- 
ENCE OF a-KETOISOVALERIC ACID 

Ca", H+, CAMP, and L-lysine are positive effectors of renal 
gluconeogenesis (10,20,22,23,32). Neither the stimulatory action 
of Ca++ nor the accelerating effects of CAMP and L-lysine on 
renal gluconeogenesis from lactate were abolished by the presence 
of 5 mM a-ketoisovaleric acid (not shown). 

It is well known that acidification of the incubation medium 
enhances renal gluconeogenesis. Therefore, under normal condi- 
tions the pH optimum of gluconeogenesis of kidney cortex is in 
the acidotic range (15, 22, 27). However, in the presence of 5 mM 

Table 4. Inhibition of tubular glucose synthesis from lactate by various 
straight chain a-ketoacids' 

Glucose synthesis from 5 mM lactate (nmol . mg protein-' . hr-') 

a-Ketobutyric % of 
Controls acid (5 mM) controls P 

285 + 0.006 76 + 0.009 27.00 0.0005 

(3) (4) 
a-Ketovaleric 
acid (5 mM) 

369 + 0.03 1 129 + 0.004 35.00 0.0005 
(4) (5) 

a-Ketocaproic 
acid (5 mM) 

369 + 0.03 1 144 * 0.003 39.00 0.0005 
(4) (5) 

' Concentrations of lactate, a-ketobutyric acid, a-ketovaleric acid and 
of a-ketocaproic acid as indicated. For further experimental see Materials 
and Methods. Indicated are mean values + SEM (n). P refers to controls. 

In maple syrup urine disease neither the pathogenesis of meta- 
bolic acidosis nor that of hypoglycemia is completely understood. 
Hypoglycemia could be secondary to a stimulation of insulin 
release, as seen in patients with leucine-sensitive hypoglycemia (5, 
9). This assumption, however, seems unlikely, since Haymond et 
al. (1 1) reported a case of the classic type of maple syrup urine 
disease, in whom hyperinsulinism was not a causative factor. In 
1966 Greenberg and Reaven (8) were able to demonstrate an 

Fig. 3. pH dependence of tubular glucose synthesis (in nanomoles per 
mg protein . hr) from 5 mM lactate in the presence of 0 and 5 mM a- 
ketoisovaleric acid. The pH values are indicated on the abscissa. For 
further experimental details see Materials and Methods. 

Table 5. Inhibition of glucose synthesis and 14C02 incorporation during tubular gluconeogenesis from lactate by a-keto-P-DL- 
methylvaleric acid and a-ketovaleric acid' 

Glucose synthesis (nmol . mg protein-' . hr-') and 14C02 incorporation (cpm . mg protein-' . hr-') 

a-Keto-/3-methylvaleric acid % of 
Controls (5 mM) controls P 

Glucose synthesis 447 + 0.01 198 + 0.007 44.00 0.0005 
(4) (4) 

14C02 incorporation 50,770 + 1,391 36,460 + 1,672 72.00 0.0005 
(4) (4) 

a-Ketovaleric acid 
5 (mM) 

Glucose synthesis 295 + 0.010 15 1 + 0.008 5 1.00 0.0005 
(4) (4) 

14C02 incorporation 32,480 + 1,543 14,470 + 465 46.00 0.0005 
(4) (4) 

' Concentrations of a-keto-B-DL-methyl-valeric acid and of a-ketovaleric acid as indicated. Concentration of lactate (5 mM) and of ['4C]bicarbonate 
(10 mM). Specific radioactivity of ['4C]bicarbonate: 0.1 pCi/pmol. For further experimental details see Materials and Methods. Indicated are mean 
values + SEM (n). P refers to controls. 
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inhibitory action of high concentrations (75 mM) of L-leucine on 
the incorporation of C3 precursors into glucose and glycogen by 
mouse liver slices. Therefore, these authors postulated a direct 
inhibitory effect of this aminoacid on hepatic gluconeogenesis. 

This assumption found additional support by the recent clinical 
investigations of Haymond et al. (1 1). By the use of fructose and 
alanine tolerance tests these authors demonstrated inhibited he- 
patic gluconeogenesis from substrates entering the glucogenic 
pathway below the levels of triose phosphate. Inasmuch as blood 
glutamine showed a sustained rise after intravenous alanine load- 
ing, Haymond et al. (1 1) concluded that there existed a preferential 
shunting of Cg precursors via a-ketoglutarate and the glutamate 
dehydrogenase reaction into glutamate and glutamine, thus re- 
sulting in a drop of the gluconeogenic intermediate oxaloacetate. 
This proposal was supported by in vitro experiments with purified 
bovine liver glutamate dehydrogenase, which was activated by 
exogenous leucine and the patient's plasma (1 1). The work pre- 
sented in this paper extends the investigations on the metabolic 
effects of branched chain aminoacids and their a-ketoderivatives 
on renal gluconeogenesis. 

Under most physiolbgic states the kidney plays only a limited 
role in the regulation of glucose homeostasis, inasmuch as renal 
gluconeogenic flux is rarely more than 10% of the body's total 
glucose synthesis (24, 27, 29). Under certain conditions, however, 
renal gluconeogenesis becomes increasingly important, namely 
during metabolic and respiratory acidosis, when it is supposed to 
be a prerequisite for tubular ammoniagenesis (15, 27), and after 
prolonged starvation, when it covers about 50% of the body's total 
glucose synthesis (24). 

In the experiments of Tables 1-3 L-leucine, L-isoleucine, and 
L-valine showed only minor inhibitory effects on glucose synthesis 
from pyruvate, glutamine, succinate, and fructose. All branched 
chain a-ketoacids, on the contrary, proved to be potent inhibitors 
of gluconeogenesis from all substrates, including lactate. Although 
in these experiments rather high inhibitor concentrations, namely 
5 mM, were employed, the inhibitory action of the three branched 
chain a-ketoacids was already visible in the range of 5 X lo-* M 
(Fig. I). This concentration is about 50 times higher than normal 
serum levels of the branched chain a-ketoacids (14), but still below 
those of children with maple syrup urine disease (4, 5, 13). 

Of special importance is the observation that these inhibitory 
effects were additive. Thus, a-ketoacids in the range of those 
reported for maple syrup urine disease (4, 5, 13), namely 1 mM, 
were able to suppress the synthetic rate by 50% (Fig. 2). Therefore, 
it may be assumed that branched chain a-ketoacids effectively 
suppress renal gluconeogenesis in untreated cases of maple urine 
disease. 

The data presented in this paper demonstrate that the a-keto- 
derivatives rather than the branched chain aminoacids themselves 
are potent inhibitors of renal gluconeogenesis. This effect is not 
speciik for branched chain a-ketoacids. It is a common feature of 
a larger group of a-ketoacids, such as phenylpyruvic acid, p- 
hydroxyphenylpyruvic acid (17), and branched and straight chain 
aliphatic a-ketoacids (Tables 1-4). 

Neither by the use of various precursors entering the glucogenic 
pathway at different levels (Tables 1-3) nor by measuring the rate 
of 14C02 incorporation into glucose (Table 5) were we able to 
localize the site of the inhibitory action of a-ketoacids in renal 
gluconeogenesis. Although a suppression of 14C02 incorporation 
into glucose during glucose synthesis from lactate seems to be in 
accord with an inhibition of pyruvate carboxylase by a-ketoacids 
such as phenylpyruvic acid, as previously reported by Seubert and 
Huth (30), this does not explain inhibition of gluconeogenesis 
from substrates like glutamine, succinate, and fructose, which all 
enter the glucogenic pathway above the pyruvate carboxylase 
reaction (29). Inasmuch as none of the glucogenic reactions lead- 
ing from triosephosphate to glucose was impaired in the presence 
of a-ketoacids (19, 33), some other process fundamental to glu- 
coneogenesis from all glucogenic substrates, entering the pathway 
below and above triose phosphate, must have been affected. 

Although various investigators were able to demonstrate inhib- 

itory effects of maple syrup urine disease metabolites on the 
oxidation of glucose, pyruvate, and a-ketoglutarate by rat brain 
preparations (7, 25, 26), as well as on pyruvate kinase (7), mito- 
chondrial pyruvate transport (2), pyruvate dehydrogenase (4, 7, 
13, 16, 25), and a-ketoglutarate dehydrogenase (7, 13, 16, 26) in 
different mammalian tissues, oxygen consumption of isolated 
kidney tubules was not inhibited by a-ketoisovaleric acid during 
gluconeogenesis from lactate (33). 

Neither the stimulatory action of Caff nor the accelerating 
effects of CAMP and L-lysine were abolished by a-ketoisovaleric 
acid. Therefore, an interference of a-ketoacids with the action of 
these positive effectors seems not to be the reason of inhibition of 
renal gluconeogenesis. 

The pH optimum of renal glucose synthesis from lactate, how- 
ever, was shifted from pH 6.8 to pH 7.7 in the presence of 5 mM 
a-ketoisovaleric acid. Thus a situation appeared in which isolated 
kidney tubules were no longer able to respond with increased 
glucogenic rates to metabolic acidosis. Since Kamm et al. (15) and 
Kurokawa and Rasmussen (20) were able to demonstrate stimu- 
lation of renal gluconeogenesis from pyruvate, oxaloacetate, glu- 
tamine, glutamate, a-ketoglutarate, succinate, citrate, and glycerol 
by acidification of the incubation medium this alteration of the 
pH optimum to more alkalotic values might in part explain the 
impairment of tubular gluconeogenesis in the presence of a-ke- 
toacids. The mechanism of this phenomenon, however, remains 
unexplained. 

On the basis of the present results it is not clear whether the 
proposal of Haymond et al. (1 1) is also applicable to the kidney. 
This proposal is as follows: in maple syrup urine disease L-leucine 
induces a shift of C3 precursors via glutamate into glutamine, thus 
resulting in a lowering of intramitochondrial oxaloacetate levels 
and, in consequence of this, in an inhibition of gluconeogenesis. 
Inhibition of renal gluconeogenesis and hence of tubular ammon- 
iagenesis, however, might explain the sustained increase of blood 
glutamine levels after iv alanine loading observed by these authors 
(11). 

Inasmuch as tubular ammoniagenesis depends on intact renal 
gluconeogenesis (24, 27), inhibition of the latter process by 
branched chain ketoacids might well explain the appearance of 
metabolic acidosis in maple syrup urine disease. 

In contrast to its important function in the control of acid base 
balance, however, the kidney plays only a limited role in the 
regulation of the body's glucose homeostasis under most physio- 
logical conditions (24, 27). Therefore, the present results do not 
necessarily explain the pathogenesis of hypoglycemia in maple 
syrup urine disease. 

The question arises as to the relative contributions of the liver 
and the kidney to glucose homeostasis by gluconeogenesis in this 
disease. The liver contains only little transaminases of the 
branched chain aminoacids in contrast to kidney and muscle (12). 
Hepatic gluconeogenesis may therefore be rather unaffected, the 
more so since the liver cell membrane shows a limited permeability 
towards the ketoacids (27, 28). 

Although earlier experiments by Greenberg and Reaven (8) and 
the clinical investigations of Haymond et al. (1 1) are consistent 
with an inhibition of hepatic gluconeogenesis in branched chain 
ketoaciduria the mechanisms operating in liver and kidney may 
be quite different. This will be the subject of further investigations. 

CONCLUSION 

The authors wish to emphasize that their results are derived 
from an artificial in vitro system employing material from animals 
without a metabolic disturbance. Whether these results are also 
applicable to human pathophysiologic conditions characterized 
by metabolic acidosis and hypoglycemia has to be proven by 
further clinical investigations. 
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