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FATTY LIVER IN PROTEIN·CALORIE MALNUTRITION*
A. S, TRUSWELL AND J. D. L. HANSEN, Depar:ments of M edicine and Child Health, University of Cape Town

In the fatty liver of protein-calorie malnutrition, i.e.
kwashiorkor and marasmus, the lipid that accumulates
is predominantly triglyceride'" as in other types of fatty
liver!

In general there are 4 possible mechanisms which may
result in fatty liver:·

1. Increased mobilization of free fatty acids from adi-
pose tissue.

2. Increased fatty-acid synthesis in the liver.
3. Decreased oxidation of fatty acids.
4. Decreased release of fats from the liver to plasma in

lipoproteins.
It has been suggested that the fatty livers produced in

experimental animals by puromycin and ethionine result
from reduced hepatic synthesis of the protein part of
plasma lipoproteins.'" The fatty liver of kwashiorkor might
have a similar pathogenesis. Plasma concentrations of
lipids are low,"· and there is indirect evidence of reduced
hepatic synthesis of another protein, plasma albumin: in
this state of human protein-calorie malnutrition.

Secondly, the question has not yet been fully answered
whether deficiency of lipotropic factors plays a part in
causing the fatty liver of protein-calorie malnutrition. If
fatty liver ever results from dietary deficiency of methio
nine and choline in man, it might be expected in this type
of malnutrition.

The studies reported here were planned to give some
answers to these 2 hypotheses. Serum was collected from
children with protein-calorie malnutrition before and
during treatment. Various lipid fractions were measured
and compared with the degree of fatty liver shown by
needle biopsy soon after admission.

CLINICAL AND LABORATORY METHODS

Children with untreated kwashiorkor or marasmus were
admitted to the metabolic ward at the Red Cross
Children's Hospital, Cape Town. They were rehydrated
and given vitamin IG. Biopsy specimens of the liver were
obtained percutaneously with the Menghini needle as soon
as parental consent, prothrombin values and the child's
condition permitted-usually one or two days after ad
mission.

The patients were treated with high protein, very low
fat diets, vitamins (but no lipotropic factors), minerals,
penicillin and sulphadiazine. Other treatment was given
as necessary. Blood was taken after an overnight fast the
day after admission and every fourth day thereafter for 3
weeks. All the children recovered.

The liver biopsy specimens were stained with haema
toxylin and eosin and graded independently by a patholo
gist (0 - 4 +) according to the degree of fatty change
present histologically.

Serum lipoproteins were separated by horizontal paper
electrophoresis'" with I % human albumin included in the
buffer. Alpha- and P-lipoprotein bands were cut out and
extracted, and cholesterol concentration was measured by
the Abell method.'·

*Paper pre~ented at the Symposium on Proteins and Food Supply, Bloem
fon:ein. April 195&.

Lipoproteins were also separated by the newer vertical
electrophoretic method of Lees and Hatch." Strips were
stained with oil red 0 (Gurr) and examined for pre-beta
lipoprotein bands.

For phospholipid determinations, serum was extracted
with chloroform-methanol, 2 : 1. Phospholipids were frac
tionated by thin-layer chromatography on silica gel G in
the solvent system chloroform-methanol-acetic acid-water
(80 : 30 : 8 : 4). They were visualized with iodine vapour.
Lecithin and sphingomyelin bands were scraped off. Phos
phorus was determined in these and in the original lipid
extract of serum by the method of Parker and Petersen."

Free fatty acids were determined by the method of
Trout et al.,'" except that Nile blue A indicator and a
Beckman Spinco micro-titrator were used. Serum albumin
was measured by biuret after salting out the globulins with
27% sodium sulphate-a standard method used in our
laboratory for many years."'"

RESULTS

Kwashiorkor
In the first part of this work we studied 19 children with

kwashiorkor. Some preliminary results have already been
reported."'" Half had 3 + or 4+ fatty liver and half had
lesser grades of liver fat. It was therefore possible to di
vide the patients into 2 groups. Those with severe fatty
liver had lower initial serum P-lipoprotein cholesterol, tri
glycerides and albumin, but a-lipoprotein and phosphati
dyl choline Oecithin) were not reduced.

During treatment serum lipids rose above normal levels
(triglyceride before cholesterol) and pre-beta-lipoprotein
bands appeared (Fig. 1).

.K.
Fig. 1. Paper electrophoretic strips of serum lipoproteins
in a typical patient with kwashiorkor, Lees and Hatch
method,n stained with oil red O. The ink marks indicate
the line of application. Note the double P-lipoprotein
bands which appear on day 5. The lower of these double
bands is pre-p-lipoprotein. a-lipoproteins are more faint
and appear about half-way between the p-lipoproteins
and the bottom of the strips. Numbers under the strips.
indicate days after admission. Blood was taken on day 1
before prote:n feeding commenced.
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Fig. 2. Paper electrophoresis strips of serum lipoproteins
.in a typical patient with marasmus. Note that there is a
pre-,B-lipoprotein band before treatment, on day 1.
Methods as for Fig. 1.

TABLE n. MEAN SERUM TRIGLYCERIDES (MG./lOO ML.) DURING TREAT
MENT IN 3 FATTY LNER GROUPS IN COMBINED SERIES OF PROTEIN

CALORIE MALNUTRITION (KWASHlORKOR + MARASMUS)

Liver fat No. of Day Day Day Day Day
grade cases I 5 9 14 18

3and4 + 11 78 217 187 147 125
1and 2 + 6 105 250 203 163 156

o 15 125 192 189 125 121

The changes of serum triglycerides during treatment in
the 3 fatty-liver groups are shown in Table n. Although
triglycerides started lower in the groups with fatty liver,
the peaks during treatment were higher and lasted longer
than in children with no liver fat. Triglycerides were
maximal by day 5, cholesterols usually on day 9.

D1SCUSSIO

Free·FaUy-Acid Mobilization
Lewis et al." in our unit, first reported increased fasting

plasma free fatty acids in kwashiorkor. Other workers
have confirmed this. IS·'" Lewis went on to show, with
"e-palmitate, that the flux of free fatty acids through
plasma was increased in infants with protein-calorie mal
nutrition!l

There are several reasons why this cannot be the only
mechanism producing fatty liver in protein-calorie malnu
trition. The increased free-fatty-acid concentration can be
restored to normal by feeding starch and sucrose but no
protein for a few days,· which suggests that it is cau ed by
the anorexia and undernutrition that occur in the late
stage of kwashiorkor. The liver is not usually fatty in
marasmus, yet Lewis et al.· found increased plasma free
fatty acids in this form of protein-calorie malnutrition as
well, although Hadden'" was unable to confirm this in
Uganda. If an increased flux of free fatty acids were the
only mechanism producing fatty liver, serum lipids would
not be reduced. They would be normal or elevated."

The present observations confirmed that plasma free
fatty acids are usually increased in marasmic patients in
Cape Town before treatment. However, free fatty acids

calorie malnutrition, which were subdivided according to
the liver biopsy findings into 3 group : tho e with severe
fatty liver (3 or 4+), mild fatty liver (2 + down to le than
1+), or no fat at all in their livers. The mean serum lipo
proteins, lipids and albumin before treatment are presented
in Table I. Except for a·lipoprotein, they howed a strik
ing stepwise inverse relation hip with the degree of fatty
liver. Beta-lipoprotein cholesterol had the strongest nega
tive association, followed by triglyceride and albumin. The
effect was weaker for phospholipids and not shown by
a-lipoprotein.

r7
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Marasmus
We then studied 18 cases of marasmus. They had higher

mean serum lipids on admission. In some of them tri
glycerides were above normal and pre-beta-lipoprotein was
present before treatment (Fig. 2). Biopsy of specimens
obtained by needle puncture showed no fat in the livers of
12 cases. The other 6 had some fatty liver-up to 3+.

To find out how quickly serum triglycerides respond to
treatment, blood was taken every day for the first 5 days
in a further 7 kwashiorkor patients. Liver biopsy was
omitted. Triglycerides rose very fast, reaching normal
levels after one day's treatment and their highest concen
trations after 3 days. Pre-beta-lipoproteins usually ap
peared after 1 or 2 days on treatment.

Serum ,B-lipoprotein cholesterol and triglycerides were
lower in those with fatty liver; total phospholipids and a

lipoprotein cholesterol were a little lower. Plasma free
fatty-acid concentrations were variable, but usually
moderately increased before treatment and rather higher
in those without fatty liver. Serum lipids did not reach
such high peaks during treatment as in kwashiorkor.

Combined Kwashiorkor and Marasmus (Protein-Calorie
Ma/nutrition)

The data for kwashiorkor and marasmus patients were
combined to obtain a large series of 37 cases of protein-

TABLE T. MEAN SERUM LIPOPROTEINS, LIPIDS AND ALBUMIN IN 3 FATTY-LNER GROUPS IN COMBINED sERIES OF PROTEIN-CALORIE MALNUTRITION
(KWASHIORKOR + MARASMUS) BEFORE TREATMENT

Alpha-lipo-
No. Total Beta-lipoprotein protein Total
of Pre-beta- Triglyceride cholesterol cholesterol cholesterol phospholipid Albumin

Liver fat grade cases lipoprotein (mg./l00 ml.) (mg./l00 ml.) (mg./l00 ml.) (mg./loo ml.) (mg./loo ml.) (G/loo ml.)
(A) 3 and 4 + 13 Never 78 84 50 34 128 1·72
(B) 1 and 2 + 9 Never 105 97 63 33 141 2·35
(C) 0 15 5/15 125 131 91 32 160 2·79

C-A
22% 47%46% 44% 59% -5%

t (C+A)
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were actually lower in the cases with fatty liver. These ob
servations are therefore further evidence that the in
creased free-fatty-acid concentration is not the main deter
minant of fatty liver in protein-calorie malnutrition.

Fatty Acid Synthesis and Oxidation
One would not expect increased fatty acid synthesis in

the liver of children with protein-calorie malnutrition be
cause they are underweight for age and must have been in
negative calorie balance for some time. The 10% of lino
leic acid in liver triglycerides which has been found in
kwashiorkor" would not occur if the fat were synthesized
in the liver, because linoleic acid is an essential fatty acid,
ultimately derived from the diet. Lastly, Fletcher18 has
measured fatty acid synthesis from HC acetate in vitro in
liver biopsy samples from children with protein-calorie
malnutrition. The synthesis rate was reduced.

Using very small doses of HC-palmitate, Lewis et al."
found that plasma free fatty acids were oxidized to res
piratory Co. more rapidly than normal in kwashiorkor and
marasmus. This is the opposite of what would be ex
pected if the fatty liver resulted from decreased oxidation
of fatty acids.

Release of Fats from the Liver
There are at least 2 ways in which fatty liver in protein

calorie malnutrition might result from decreased lipopro
tein secretion into the plasma: by reduced synthesis of the
protein moiety of plasma lipoproteins or of the component
phospholipids.

The principal phospholipid in plasma is lecithin (phos
phatidyl choline). If fatty liver was caused by deficiency
of lipotropic factors---choline and methionine---cases with
gross fatty liver would be expected to have low serum
phosphatidyl choline with total phospholipids reduced
more than other lipid classes. We did not find this, so that
these results are fresh evidence against lipotropic factor
deficiency.

Previous reports on serum lipids in protein-calorie mal
nutrition have not agreed whether trig!ycerides were re
duced."'''''' It is important to be sure about this, because
triglyceride is the principal lipid that accumulates in the
liver. Our results seem to be quite clear. Fasting serum
triglycerides were reduced in malnourished children who
had fatty livers. When the livers were not fatty, triglyce·
rides were normal or increased. As little as one day's pro
tein feeding can restore reduced triglycerides to normal.
As to serum lipoproteins, the only two previous reports
both described great reduction of a-lipoprotein, with'" or
without'6 reduced ,B-lipoproteins. The lipoprotein we found
related to fatty liver was f:l-lipoprotein. Beta-lipoprotein
cholesterol showed a stronger degree of inverse relation
ship than any other lipid or serum albumin. On the other
hand, serum a-lipoprotein cholesterol was not related to
the degree of fatty liver.

The present results support the hypothesis of decreased
hepatic synthesis of the protein moiety of plasma lipopro
teins as a major mechanism for fatty liver in protein
calorie malnutrition. But ,B-lipoproteins appear to be much
more sensitive to dietary protein deficiency than a-lipo
proteins. This is somewhat unexpected, because a-lipo
proteins contain more protein than f:l-lipoproteins."

The rise of serum triglycerides during treatment and
the appearance of pre-beta-lipoprotein presumably show
fat being mobilized out of the liver because our patients
were eating diets very low in fat. Serum triglycerides were
higher for a longer time in cases with fatty liver (Table
II). The recovery from protein-calorie malnutrition is,
therefore, another cause of secondary type IV hyperlipo
proteinaemia (pre-beta-lipoproteinaemia).21,""

Our results might help the clinician to diagnose fatty
liver in children with protein-calorie malnutrition. Fatty
liver is more likely when the clinical picture is kwashior
kor than in marasmus,"" but we did encounter marasmus
patients with 3 + fatty liver and kwashiorkor with no liver .
fat. Palpation of the liver is not very reliable in our ex
perience. Low serum cholesterol and low albumin are the
standard biochemical tests which suggest fatty liver."" And,
where they can be done, pre-treatment fasting ,B-lipopro
tein and triglyceride should increase diagnosti accuracy.

SUMMARY

Serum lipids and lipoproteins have been measured before and
during protein refeeding in children with kwashiorkor or
marasmus. Serum triglyceride and ,B-lipoprotein cholesterol
were lowest in children with most severe fatty liver as assessed
by needle biopsy. Reduced hepatic synthesis of the protein
mqiety of ,B-lipoproteins appears to be a major cause of this
type of fatty liver.
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A NEW PERIDOL DERIVATIVE IN THE TREATMENT OF
CHRONIC SCHIZOPHRENIA*

T. BUCHAN, M.A., M.B., CH.B., F.F.PSYCH. (S.A.), DT.M. & H., Ingulsheni MenIal Hospital, Bulawayo, Rhodesia

The elderly chronic schizophrenic patient presents a for
midable problem to the mental hospital. This has been in
vestigated in Britain,' and the problem at Ingutsheni Hos
pital appears fundamentally similar. A survey of patients
in the hospital on 31 December 1967 showed that 282 of
595 male patients (47%) and 94 of 213 female patients
(44%) were classified as schizophrenic. Of these schizo
phrenic patients, 194 males (69%) and 57 females (61 %)
had been in hospital for 2 years or longer.

The effectiveness of drug therapy (as compared with
ECT alone, or psychotherapy alone) has been firmly estab
lished' but the choice of drug is by no means clear. There
have been trials with African patients, e.g. with thiorida
zine; but remission was not obtained with cases of more
than 5 years' standing.

Encouraging results were obtained with a peridol de
rivative in very chronic African schizophrenic patients
who had been in hospital more than 20 years" This drug,
FR 33 (Sandoz), seemed to merit further trial.

MATERIALS AND METHODS

Because of difficulties with continuity of staff, only female
patients are included. Twenty patients were selected ac
cording to the following criteria:

1. A minimum period of 5 years continuously in
hospital.

2. An initial diagnosis of schizophrenia on admission.
3. The diagnosis was supported in retrospective review

using the generally acceptable criteria set out by
Willis and Bannister:

The blood WR was negative in every case, but the EEG
proved to be abnormal in 2 patients who were therefore
excluded, leaving a total of 18.

AIl these 18 patients had been treated with various drug
combinations, with or without ECT, and none had shown
any sustained improvement. Further, the drug had been
shown to have a very low toxicity, both in animal experi
ments and previous unpublished trials. These factors were
considered sufficient to render the trial ethicaIly justifiable.

Preliminary information intimated that the effects of the
drug would not be manifest until some 2 months' treat
ment had been completed and that the action of the drug
would be sustained for at least 2 months after it had been
withdrawn.

The patients were therefore divided at random into 2
groups, an initial treatment group (group A) and an initial

'Date received: 19 July 1968.

placebo group (group B). It was intended that group A
should have treatment for 2 months, then change to the
placebo for 2 months; group B was intended to begin with
2 months on the placebo, then change to treatment for 2
months. If both hypotheses were correct, group A hould
have shown improvement at the end of 2 months, sus
tained at the end of 4 months, and group B should have
shown no improvement at the end of 2 months but im
provement after 4 months.

Since all patients, with the possible exception of Nos.
1526 and 7574 for whom the early records were incom
plete, had had several courses of treatment previously, a
double-blind trial was not considered necessary. A 'single
blind' trial was considered adequate (i.e. psychiatric ratings
to be done blind but the patients to be aware that they
were receiving different tablets although not aware that
one was a placebo). It was intended that there hould be
an initial psychiatric rating, one at 2 months and one at
4 months.

The scale selected was designed for use during a brief
interview and to give an index of the degree of 'p ychotic
ness'" For the purposes of this investigation the last cate
gory 'Judgement and abstracting ability' was omitted as it
was considered that language difficulties would preclude
any accurate assessment. In addition to the psychiatric
rating scale, a ward behaviour scale was completed by the
nursing staff at weekly intervals. The scale u ed was that
designed for use at Mohlomi Hospital, Lesotho,' and is
particularly suitable for African patients.

The patients were randomly divided into two groups of
9. With certain exceptions discussed below, the composi
tion of the groups was not revealed to the investigators
until after the completion of the trial.

Conduct of the Trial
The trial commenced in December 1965. During this

month all patients were assessed on the psychiatric rating
scale by two investigators working separately. Compari
son of results revealed that the inter-rater reliability was
not very high. This was partly due to conceptual difficul
ties, in particular that of rating the patient with poverty
of ideation since the scale did not contain a category cor
responding with 'negative formal thought di order'.'

These difficulties were resolved and all patients were
then rated by both investigators working in conjunction.
On this occasion only were the re ults of the previous
rating available to the investigator; at all other rating
a fresh rating sheet wa used to eliminate the effect of
'runs'."




