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markedly depressed the rate of crystallization of the sterol
when crystallization did occur (fable I). The eR values
of different samples of bile also varied.

TABLE I. THE STABILIZING EFFECT OF BILIARY LlPIDS ON CHOLESTEROL

Subjects Controls

Volume of
Animal bile used (ml.) CR value CR value
Cat I 1·0 2·60 4·01
Cat 2 1·0 1·96 4·01
Cat 3 1·0 2·05 3'73
Cat 4 1·0 1·43 4·01

Rabbit 1 1·0 2·16 4·01
Rabbit 2 0·8 2·45 4·01
Rabbit 3 0·5 3·49 4·01
Rabbit 4 1·0 2·75 3·49

Man 1 1·0 3·49 4·01
Man 2 1·0 1·88 3·73
Man 3 1·0 3·08 4·01
Man4 1·0 2·75 3·73
Man 5 1·0 3·49 3·73
Man 6 1·0 1·73 4·01
Man 7 1·0 2·36 3·73
Man 8 1·0 1·00 4·01

Dog 1 1·0 .1·96 4·01

DISCUSSION

The nature of the stabilizing factors present in the total
biliary lipids used remains to be determined. It would
seem likely, however, that the bile salts and phospholipids
might account for this property. .

Molecules of bile salts in solution will at certain critical
concentrations aggregate to form larger molecular masses
called micelles. Once these micelles are formed, the
ability of the solution to dissolve cholesterol is increased.9

Preliminary results likewise suggest .that the addition of
sodium taurocholate to the cholesterol-triglyceride solution
increases the stability of the contained cholesterol.

The addition of lecithin to bile increases its cholesterol­
holding capacity.3 The stabilizing effect of the total serum
lipids on the cholesterol-triglyceride solution used was
likewise found to be attributable to the effect of the
phospholipids.5,6

Lecithin has been shown to increase the stability of
cholesterol in the cholesterol-triglyceride solution, while

inositol and lysolecithin cause a decrease in stability;
however, none of these phospholipid fractions were pure.6
Presumably the decreased stabilizing power of the total
serum lipids found in patients with ischaemic heart di­
sease,5,6 in animals after the injection of adrenaline,7 and
in animals during surgical operations,8 is related to a rela­
tive and/ or absolute change in these phospholipid fractions.

Until quite recently it was believed that lecithin was
the only phospholipid present in bile ;10 however, since
1960, it has been shown that several other phospholipids,
e.g. cephalin, sphingomyelin and lysolecithin, are also
present.2, 11, 12 This would suggest that changes in the
relative and/or absolute amounts of biliary phospholipids
could produce changes in cholesterol stability. Bearing this
possibility in mind, a study of the effect of biliary lipids
on cholesterol stability under various conditions (e.g.
cholelithiasis) has been started.

Although such studies into the physicochemical proper­
ties of bile salts, cholesterol and phospholipids are no
doubt important in the elucidation of the problem of
gallstone formation, it has been rightly pointed out that
other factors, such as biliary stasis, infection and foreign
bodies, may also be of aetiological importance.I,9

SUMMARY

Biliary lipids increase the stability of cholesterol in a
cholesterol-triglyceride solution and decrease the rate of
crystallization of cholesterol when crystallization occurs.
The possible role of these findings in relation to biliary
pathology is discussed.
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NITROGEN, FAT AND MINERAL BALANCE STUDIES IN PATIENTS WITH
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Several papers have been published on nitrogen and fat
balance in infants with protein malnutrition. Much less is
known about mineral salt balances and the relationship
between the retention of nitrogen and the retention of the
major intracellular ions.

It has become increasingly evident that infants with
kwashiorkor are depleted not only of protein, but also of
several minerals, induding potassium,I,2 phosphorus,3 and
magnesium.4 In view of the importance of these minerals

as intracellular ions, and their essential role in many
metabolic processes, a study was undertaken of the nutri­
tional state of kwashiorkor patients in our area with
regard to these minerals. Nitrogen, fat, calcium and sodium
balances were carried out concomitantly.

MATERIALS AND METHODS

The investigations formed part of a more comprehensive
study5 designed to assess the effect of milk fat and sun-
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TABLE I. RESULTS OF BALA CE ST DIES (MEA ' VAL ES WITH STA 'DARD DE IATIO' )

F/emelll Ba/anci> Jfllak,
Rf'li'/llioll Absorption

Urillur)' Fa~cal Rnl'm;oll (CIf percpntllgt' (as ~rc~"tage
perioti t'.'fC'rnioll t'XCfl!(;Oll of intuk.) of intah)

Nitrogen (mg./kg./day) .. .. 1st 544±51'0 113=54'3 90±35 '9 281 :l.51·5 52:r 11 '9 83± 6·3
2nd 593±51'9 361±12'1 91±51'0 129±91'1 22,f.19·8 84 ... 10'6

Fat G./kg./day) .. 1st 3'44=1'109 0'69±0-409 2'15±1'161 80± 14'5 80 14'5
2nd 3 '59± 1'269 0'51 ±0'365 3'05±1'190 86 ... 10·4 86 ... 10'4

Calcium (mg./kg./day) .. 1st 121'2±15'83 2'2:>:1·06 96·0±34·18 29'0 19'03 23±15'8 25 16·3
2nd 139·1±14·39 2·8::: 1'51 121 ·3±32 ·10 15 '0",33 ·83 11 ±25'3 12±25 ·2

Phosphorus (mg./kg./day) .. 1st 100·0±10·8 15 '8±9 '02 41'4± 11'34 36'8±15'58 31 ± 14·1 53 16·6
2nd 112-0±12'2 38'1:::23 ·02 45 -3", 19 ·34 28 '6+21'14 26:i:23'2 60 .... 16·9

Magnesium (mEq_fkg./day) 1st 1 '01±0'186 o'05±0'036 0'85_0'343 0'11±0-212 16± 19-3 21 21'2
2nd 1'18_0'122 0'11±0'056 1·03 =0 '384 0'04",0 '341 3:::21-1 13±28'2

Potassium (mEq./kg./day) .. ISl 4'46± 1'256 I '50±0'192 1'21 ±0'614 I '15± 1·129 39± 31·1 13 21 '1
2nd 3 '12±0'661 2'18±1'001 0'49±0'238 I '05:!: 1'156 28±30'1 81± 5'6

Sodium (mEq./kg./day) .. ISl 1 '81±0'348 I '52± 1·004 0'49±0'401 -0 '14± 1'055 14±21 '9
2nd 2'10±0'298 1'44±0'502 0'16±0'092 0'50±0'310 24± 18'1 92± 4·0

Statistical comparisons between first and second balance periods

Nitrogen P<I% P<I% NS' (P> 10%) NS' (P>IO%)

Fat .. NS' (P>IO%) NS' (P>5%)

Calcium P<I% NS' (P>IO%) NS' (P>5%) S· (P> 10%)

Phosphorus P<I% P<I% S· (P>IO%) S· (P>5%)

Magnesium P<2% P<0'2% NS' (P>5%) S· (P>IO%)

Potassium .. NS· (P>IO%) P<3% P<I% NS' (P>4O%) S· (P>50%) P<I%

Sodium P<2% NS· (P>50%) P<I% S· (P>IO%) S· (P>20%) P<O'I%. S = Not significant

TABLE 11. WET WEIGHT, DRY WEIGHT A '0 ASH CO TE T OF
FAECES (MEAN VALUES WITH STANDARD DEVIATIO S)

collection periods were compared by means of the same
test. In all the tests a probability level of les than 5%
was regarded as significant.

The finding most worthy of note was the very low
urinary excretion not only of nitrogen but also of phospho-

rus, magnesium and potassium during the first balance
period. This probably indicates that in addition to protein
depletion a concomitant depletion of the e minerals also
existed, especially as a sharp increase in the urinary
excretion of these elements occurred during the second
balance period.

Apparent absorption of all the nutrients tudied was
impaired. This was especially marked for potas ium and
sodium during the first balance periods. During the
second balance periods a great improvement occurred in
the absorption of both these electrolytes, the difference
being statistically significant. The difference in absorption
between the two balance period were not significant for
nitrogen, fat, calcium, phosphorus and magne ium.

Diarrhoea was a prominent symptom during the initial
stages of treatment. As can be seen in Table 11, the tool
weights (wet weights and dry weights) were much higher in
the first balance periods than in the econd, the difference
being statistically significant.

Ash ConUnt
in G./day

3 '02±0'191
2'16±1'1I8

NS' (P>IO%)

Dry weight
ill G./day

15 '3±8 ·48
11'2±5'36

Wet weight
ill G./day

204± 165'2
81± 65'2

During 1st collection period ..
During 2nd collection period ..
Statistical comparisons between

the two collection periods .. P< 1%

·NS = ot significant

RESULTS

The results of the balance studies are set out in Table I.
Table II gives the wet weight, dry weight and ash content
of the faeces. The results were analyzed by means of the
two-tailed Wilcoxon matched-pairs signed-ranks test,6 all
values for intake, urinary excretion, faecal excretion, re­
tention in mg. per kg. per day, percentage retention and
percentage absorption obtained in the two balance periods
being compared. The wet weights, dry weights and
mineral contents of the faeces obtained during the two

flower-seed oil on the rate of recovery of kwashiorkor
patients.

The balance technique, dietary regimen and analytical
methods are described in detail in the previous n:port.5

The diets were based on milk, each patient receiving one
of the following formulae: dried skimmed milk with
added sugar, dried whole milk, acidified dried whole milk,
or dried skimmed milk with added sunflower-seed oil. No
statistically significant difference was found between the 4
groups of patients in respect of nitrogen and mineral
balance.5 Retention of fat in the 3 groups of patients who
received fat or oil was also not significantly different. It
was therefore deemed justifiable to combine the results
obtained in the different groups for the purpose of the
present report.

Three-day balance studies were carried out on 31 Bantu
kwashiorkor patients. Nitrogen and phosphorus balances
were determined on all 31 patients, fat balance, on 24,
magnesium balances on 20, calcium balances on 19,
sodium balances on 13, and potassium balances on 12. All
balances were commenced within 6 days of admission and
repeated 2t -3 weeks after admission.
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DISCUSSION
The very high values for nitrogen retention in spite of
some impairment in absorption observed during the first
balance periods confirm the findings of several other
workers.37, 8 During the second balance periods much
lower values for retention were obtained, a finding also
well documented for kwashior!cor patients.S,8 The reduced
avidity for nitrogen later in treatment presumably reflects
the replenishment of the tissues with protein.s, S

Although the wet- and dry-weight values of the stools
were much lower in the second collection period than in
the first, the differences in the values for apparent absorp­
tion of nitrogen for the two periods were not statistically
significant. The relationship between the faecal excretion
of nitrogen and the wet-weight values of the stools ob­
tained during the first balance period was also found to be
not significant when the rank correlation coefficient was
tested.6 This seems to indicate that diarrhoea per se had
little effect on the absorption of nitrogen in most of the
patients. It agrees with the findings of Cravioto,9 who was
unable to show a significant difference in nitrogen absorp­
tion between kwashiorkor patients excreting more than
400 G. of fresh faeces per day and those with less than
100 G.

A finding of interest that emerges from Tables I and 11
is that, while the dry weight of the stools was increased
during the first balance period when diarrhoea was
severe, faecal nitrogen excretion during this period was
less than during the second balance period. The increased
dry weight of the stools during the first balance period
must therefore have been due to the presence of additional
non-nitrogenous matter, of which only about one-fifth can
be accounted for as minerals (Table m.

Nitrogen absorption in most of our patients appeared to
be only slightly impaired (Table I). The average value for
apparent absorption in normal American children 4 - 12
years old is 90% of intake.lO It is not known whether the
same figure is applicable to normal South African Bantu
children, but work carried out in the Congo indicates that
the figure may well be lower in normal African
children.n ,12

Children normally absorb about 97% of the ingested
dietary fat.lO Absorption in our patients was impaired
during both balance periods, the differences in the values
obtained for the 2 periods not being significant (Table I).
The values we obtained in our patients agree closely with
those reported from other centres.7,13 In spite of the
impaired absorption of milk fat and sunflower-seed oil,
considerable quantities were nevertheless absorbed. The
diets containing fat or oil were very well tolerated and no
adverse effects on the patients were observed.5

The values obtained during the two balance periods for
faecal excretion of calcium, phosphorus and magnesium
were not significantly different, suggesting that, as with
nitrogen and fat, absorption of these minerals was not
appreciably affected by the severity of the diarrhoea. In fact,
whereas only 2 calcium and 3 magnesium balances were
negative during the first balance periods, 6 calcium and 9
magnesium balances were negative during the second
balance periods. This was at a stage when a great improve­
ment of the diarrhoea, as reflected by the wet weights of

the stools, had already occurred in most of the patients.
The mean values for apparent absorption of calcium

(25% during the first balance period and 12% during the
second), phosphorus (53 and 60%), and magnesium (16 and
3%) were considerably lower than the corresponding
values-calcium 30%, phosphorus 69%, magnesium 46%
-obtained by MacylO in normal American children 4 -12
years old. In this respect our results are different from
those of Holemans and Lambrechts,14, 15 whose values for
apparent absorption of calcium in normal and mal­
nourished Congolese children were even higher than those
of Macy. However, the intakes of calcium in their subject
were much lower than in our patients. Waterlow and
Wills3 noted only a slight impairment in the absorption of
phosphorus by malnourished Jamaican infants during their
first days in hospital.

The urinary excretion of calcium, phosphorus and
magnesium was very low during the first balance periods,
In the normal children studied by MacylO 10% of the
dietary calcium, 55% of the dietary phosphorus, an
30% of the dietary magnesium, was excreted iri the urine,
The corresponding mean values obtained in our patients
were: calcium 2% of intake, phosphorus 16%, and mag­
nesium 5%.

The average urinary excretion of both phosphorus and
magnesium was more than doubled during the second
balance period as compared with the first, suggesting that
deficiencies of both these minerals existed at least during
the time when the first balances were carried out. Our
magnesium balance results have been described in detail
elsewhere.l6 Evidence -suggesting magnesium depletion in
malnourished infants, as reflected by a low urinary excre­
tion of magnesium, has also been obtained in Jamaica17,18
and iri Cape Town.l9

Low urinary excretion of phosphorus, resulting in large
initial retention that diminished progressively with treat­
ment has been described in other centres.a,15 A low
urinary excretion of phosphorus naturally is not necessarily
an indication of phosphorus depletion. However, it seems
a likely explanation in our patients, particularly since low
values for inorganic serum phosphorus in kwashiorkor
patients have been observed in several areas,s including
Pretoria.20 Moreover, the phosphorus content of muscle
biopsy specimens of malnourished infants has sometimes
been found to be low.3

Although the intakes of magnesium and phosphoru
were greater during the second than during the first
balance periods, the increased urinary excretion during the
second, balance period was not due merely to increased
intake. While the average amounts of both minerals ex­
creted showed an increase of more than 100% in the
second balance period as compared with the first, the
average increase in intake amounted to no more than 12%

The potassium and sodium retention values given in
Table I should be regarded with reserve, for the interpreta­
tion of electrolyte balances is, for several reasons, not
easy.lO It has been pointed out, for instance, that as much
as 30% of the potassium apparently retained by infants
may be lost through the skin.l0 Again, a large and appa­
rently physiological variation in electrolyte balance has
been observed to occur in infants over a period of days by
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Gamble and co-workers.2I Again, the body adjusts itself
slowly to a.change in the level of intake, so that sometimes
it probably takes from 2 weeks to a month for equilibrium
to become established.l° However, as can be seen from
Table I, it is at least evident that absorption of both
sodium (average = 74% of intake) and potassium (average
= 73% of intake) was grossly impaired during the first
balance periods and that it improved vastly during the
second balance periods. Healthy children normally absorb
about 87% of dietary potassium and 98% of dietary
sodium.IO

During the first balance periods, in spite of the large
faecal loss of potassium that occurred in most patients,
only 2 negative potassium balances were encountered, the
reason being that urinary excretion of potassium was low.
The initial low urinary excretion of potassium, and the
subsequent increased excretion that was evident in most of
the patients during the second balance period, suggest a
potassium deficiency during the first balance periods.
Several workers, using different techniques, such as serum
estimations,I, 22, 23 balance studies,1 isotope-dilution me­
thods,2 and analysis of muscle biopsy specimens,24 have
shown that potassium deficiency often exists in kwashior­
kor patients. The differences between the values for urinary
excretion of potassium during the two balance periods
were significant, but retention of potassium did not differ
significantly. This can probably be explained by the large
faecal losses of potassium that occurred during the first
balance periods.

In contrast with potassium no significant differences
were observed in the urinary excretion of sodium during
the two balance periods. No evidence of depletion of
sodium was therefore observed. Hansen's work1 indicated
that in the acute stage of kwashiorkor potassium depletion
was usually accompanied by an accumulation of sodium
in the body. After 1 - 2 days of treatment a sodium diure­
sis, which closely paralleled loss of weight and oedema, was
observed. In all 7 patients studied this resulted in negative
balances at the end of the balance periods, which lasted
from 7 to 14 days. Serum-sodium values were within the
accepted normal range, a finding also observed els':lwhere.23

In the present series of 13 patients studied, 6 negative
sodium balances were observed during the first balance
periods, and only 2 negative sodium balances during the
second balance periods. Our findings are therefore con­
sistent with the occurrence of a transient sodium diuresis
during the initial stage of recovery.

Conclusion. The results obtained in the present study
show that large quantities of water are lost in the stools
during the acute stage of kwashiorkor, and suggest that in
addition to protein depletion kwashiorkor patients may
also suffer from depletion of several minerals. In treating
these patients the possibility of such deficiencies should be
kept in mind.

SUMMARY

Three-day balance studies were carried out on 31 Bantu
kwashiorkor patients within 6 days after admission to
hospital and repeated 2t to 3 weeks after admission. Nitro­
gen and phosphorus balances were determined on all 31
patients, fat balance on 24, magnesium balance on 20,
calcium balance on 19, sodium balance on 13 and potas­
sium balance on 12 patients.

The finding most worthy of note was the very low
urinary excretion during the first balance period not only
of nitrogen, but also of phosphorus, magnesium and potas­
sium. This suggests that, in addition to depletion of protein,
a depletion of these minerals also existed, especially as a
marked increase in the urinary excretion of these elements
occurred during the second balance. periods.

Diarrhoea, as reflected by the high wet weights of the
stools, was a prominent symptom during the first balance
periods. Apparent absorption of all the nutrients studied
was impaired during the first balance periods. This was
particularly marked for potassium and sodium. During
the second balance periods a marked improvement was
seen in the absorption of these two electrolytes. For
nitrogen, fat, calcium, phosphorus and magnesium the
differences in apparent absorption during the two balance
periods were not significant.
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dent of the Pretoria General Hospital for permission to publish
this report; to Prof. J. G. A. Davel for the provision of clinical
facilities and for advice; to Mr. S. A. FelIingham for the
statistical planning of the experiment and the analysis of the
results; and to Dr. M. L. Neser and Dr. G. H. Findlay for their
advice on the preparation of the manuscript.
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