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Pyruvate intolerance in renal
failure

ABDEL RAHMAN MOHD. MUSA, M.B., M.R.C.P.E.
Department of Medicine, University of Khartoum

INTRODUCTION

The occurrence of a characteristic form of peripheral neuropathy in
patients suffering from chronic renal failure is now well recognised. Its
aetiology, however, remains obscure. Abnormally high levels of serum
pyruvic acid in patients with chronic renal failure have been reported by
several workers (Galloway and Morgan, 1964; Biserte and Dasson-Ville,
1956). The Pyruvate Tolerance Test (Williams, Mason, Power and Wilder,
1943) offers a better chance of demonstrating such disturbance. Since thia-
mine plays a key role in the metabolism of pyruvic acid in the citric acid
cycle, and since peripheral neuropathy is a known feature of thiamine
deficiency, it would seem of interest to assess the thiamine status of such
patients. This was done by measuring the transketolase activity in the
blood of patients who exhibited pyruvate intolerance.

MATERIALS AND METHODS

The Pyruvate Tolerance Test was carried out on nineteen patients suff-
ering from chronic renal failure of varying aetiology. The patients fasted
overnight. A fasting blood sample was taken. They then drank a solution
containing 50 g. glucose dissolved in 250 ml. water. A second dose of glu-
cose was given thirty minutes later. Further blood samples were collected
sixty minutes and ninety minutes after the fasting sample. All the blood
samples were obtained by venepuncture without stasis.

The pyruvic acid level was determined by the method of Friedemann
and Haugen (1943). This is based on the formation of the 2:4 dinitrophe-
nylhydrazone, which reacts with strong alkali to form a reddish compound
which can be estimated colorimetrically. Similar hydrozones of acetone
and acetoacetic acid react in the same way.The more specific enzymatic me-
thod for the determination of pyruvic acid gives values which are 0.2t0 0.3
mg. lower than the dinitrophenylhydrazone method. With the method em-
ployed a level of more than 1.2mg % after glucose wasconsidered abnormal.
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The blood transketolase was measured in ten patients, all of whom
showed abnormally high levels of pyruvic acid. The method employed
was that described by Schouten, Statius Van Ebs and Struyker Boudier
(1964) which is a modification of Dreyfus (1962). The enzyme transketo-
lase catalyses the convertion of pentose-5-phosphate into heptulase-7-
phosphate, parts of the reaction of the hexose monophosphate shunt, re-
quiring thiamine pyrophosphate as co-factor. The activity of this enzyme
is depressed in thiamine deficiency. The effect of in vitro addition of thia-
mine pyrophosphate ( the TPP effect) was also measured. This shows
a several fold increase in enzyme activity if thiamine deficiency initially
existed and is considered a more sensitive index of thiamine deficiency
(Brin, 1965).

RESULTS

Table 1 shows the results of the Pyruvate Tolerance Test on nineteen
patients. Fifteen patients had a pyruvate concentration of more than 1.2
mg 9, after glucose. Eleven of these had a fasting pyruvate level above the
normal range (0.5 to 1.0 mg%).

TABLE 1. Pyruvate Tolerance Test in C.R.F.

Blood Pyruvate mg%,

Name Fasting 60 min, 90 min
R.W. 1.2 1.7 1.7
R.R. 1.3 1.5 1.6
R. M. 1.7 2.3 2.0
H. 1.7 1.7 2.1
W. 1.6 2.1 1.3
S. 0.4 0.9 2.0
S.K. 1.1 1.8 1.7
B. 0.9 0.9 1.5
R. 0.9 2.0 1.0
C. 1.3 1.6 1.8
M. 1.8 1.0 0.8
M. 2.2 1.7 2.2
S. 2.4 1.5 1.1
w. 1.2 1.7 1.9
G. 0.7 1.3 0.8
S. 0.9 0.9 0.8
C. 0.3 1.1 1.1
D. 0.6 0.7 0.7
B. 0.9 1.0 1.0

Table II shows the results of the Pyruvate Tolerance Test on six normal
individuals. Two of them showed a blood pyruvate of more than 1.2mg?%,
after glucose, None of them, however, had a fasting concentration above
the normal range.
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TABLE 1I: Pyruvate Tolerance Test on normal subjects

Blood Pyruvate mg %4

Name
Fasting 60 min. 90 min.

J.C. 0.9 1.1 1.2
A.L. 0.8 1.1 1.0
A. M. 0.7 1.0 0.7
G. i 1.4 1.5
J. 0.7 1.4 1.2
G. 0.9 1.2 —

Schouten et al. (1964) reports the transketolase activity of twenty-two
normal individuals as 62.5=28 international units, and the TPP effect as
72 .5—18. The results of measuring the transketolase activity in ten pat-
jents who showed abnormal pyruvate levels are shown in Table III. None
of the patients exhibited a depressed activity or a TPP effect above the
normal range.

TABLE III: Blood transketolase levels in C.R.F.

Trans. (Inter-

Name national Unit) TPP effect %,
R. 96 6
S. 136 23
C. 90 19
B. 64 35
S.K. 75 1
D. 89 0
C. 53 9
W. 74 10
R. 110 7
M. 160 6
DISCUSSION

Apart from thiamine deficiency (Buckle, 1965), elevated pyruvate levels
have been reported in diabetes mellitus (Smith, Ettinger and Seligson,
1953), liver disease (Amatuzio and Nesbitt, 1950), congestive heart failure
(Kleeberg and Gitelson, 1954), malignant neoplastic conditions (Maneche,
1966) and in intoxication by heavy metals and following thiazide diuretics.
None of these factors was operating in the patients studied. These results
are in agreement with those of other workers.

Measurement of the transketolase activity and the TPP effect shows
that these patients are in fact not thiamine deficient nor suffer from an an-
tagonism to its action. The abnormality of pyruvate metabolism remains
to be explained. Decreased clearance of pyruvate is said to occur in the
presence of kidney damage (Zelnicek, 1960) but since the normal clearance
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13 1.04 mMI/mIn 107 e male and 1. /6 mi/min 1or the Iemale, it is suggested
that the renal excretion has aminor role compared to the metabolic turn-
over. Galloway and Morgan (1964) have suggested a rough correlation
between the level of pyruvic acid and urea retention. This was not seen in
the patients studied (Fig. 1). This again confirms that retention of pyruv-
ate was not the main defect.
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Fig. 1: Blood urea against pyruvate concentration

The decarboxylation of pyruvic acid might be inhibited by factors other
Fhan thiamine deficiency. Morgan and Thomas (1963) have reported the
lphibition of an in vitro lactic dehydrogenase system by uraemic metabo-
lites. An analogous inhibition of co-carboxylase might explain the abnor-

mally high levels of pyruvic acid in the blood of patients with chronic
uraemia.
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SUMMAKY

Fifteen out of nineteen patients with chronic renal failure were shown
to have abnormally high levels of pyruvic acid. Thiamine deficiency was
excluded as the possible cause of this pyruvate intolerance.
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Total body potassium and
calculated lean body mass

MOHAMED AHMED HASSAN, F.R.C.S.
Department of Surgery, University of Khartoum

INTRODUCTION

Opinion is divided as to the exact definition and estimation of lean body
mass (L.B.M.). Various terms have been used in this context, e.g. fat-free
mass, functioning cellular mass, active protoplasmic mass. Methods of
estimation are indirect and range from complicated methods involving the
use of radio-active substances to simple skin fold measurements with the
use of calipers.

More recently, Hume (1966) estimated total body water by measuring
the antipyrine space and from this he calculated lean body mass (or fat-
free body weight) using the formula of Pace and Rathbun (1945). By com-
puting the figures obtained for lean body mass against height and weight,
he got highly significant correlations in both sexes (for males r=0.96 and
for females r=90.83).

In the present study, lean body mass was calculated by the method of
Hume in a total of fifty-four subjects. Total body potassium was also esti-
mated in these subjects in an attempt to check the validity of Hume’s
method of calculation. The results are presented and discussed in this
paper.

Clinical material

A total of fifty-four volunteers were included in this study. Of these, 15
were patients with established duodenal ulcer, and 13 were patients with
established gastric ulcer. The remaining 26 subjects were drawn mainly
from 2 surgical wards, admitted for surgical treatment of various condi-
tions, e.g. inguinal hernia, breast lump, gall stones, i.e. conditions which
are not known to be associated with any disturbance of body potassium.
This latter group will be referred to as control subjects.
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