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Lipid transport in kwashiorkor
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1. In an attempt to elucidate the pathogenic mechanism of the fatty liver of kwashiorkor
some aspects of lipid metabolism were studied in ten patients with kwashiorkor and nine with
marasmus, so classified according to the clinical and laboratory findings.

2. Plasmalipid levels, especially those of triglycerides, were low in patients with kwashiorkor;
they showed a marked rise very early during treatment.

3. The changes in the plasma lipid levels occurred mainly in the serum lipoprotein fraction
of density < 1'063. The elevation of plasma lipid levels during treatment coincided with a loss
of liver lipids and a marked rise in serum protein concentration.

4. The findings support the suggestion that the primary mechanism in the production of
the fatty liver of kwashiorkor is an impairment in the synthesis of lipoprotein of very low density,
probably due to the rate-limiting synthesis of its protein moiety.

5. In patients with marasmus no modifications in lipid metabolism were detected by the
methods used.

The fatty liver usually observed in kwashiorkor has been consistently found to be
associated with low concentrations of plasma lipids, especially triglycerides, which
rise above normal during treatment (Schwartz & Dean, 1957; Macdonald, Hansen &
Bronte-Stewart, 1963 ; Lewis, Hansen, Wittman, Krut & Stewart, 1964; Monckeberg,
1966; Flores, Pak, Maccioni & Monckeberg, 1967; Truswell, Hansen, Watson &
Wannenburg, 1969). This has been interpreted as suggestive of a block in the release
of hepatic triglycerides (Schwartz & Dean, 1957; Monckeberg, 1966; Flores et al.
1967; Truswell et al. 1969) which constitute the principal lipid fraction accumulated
in the liver (Iturra, 1947; Macdonald, 1960). It has been assumed that the excess
liver fat is the source of the rise in plasma triglycerides during treatment (Schwartz &
Dean, 1957; Méonckeberg, 1966), but no direct evidence for this hypothesis has been
provided.

The present study was undertaken to correlate the changes in the concentration of
lipids in the unfractionated serum and in the high-density and low-density lipo-
proteins with the clearing of the liver fat during recovery from kwashiorkor. The
results obtained support the hypothesis of a block in the release of liver triglycerides
as the primary cause of the fatty liver in kwashiorkor.

EXPERIMENTAL

Ten patients with kwashiorkor, aged 12—27 months, and nine patients with maras-
mus, aged 4-14 months, all of whom showed a marked growth retardation, were
admitted to our metabolic ward. The children selected for these groups were carefully
chosen from among many other malnourished children whose signs and symptoms
overlapped. All the patients with kwashiorkor presented the following signs: hypo-
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proteinaemia, anaemia, skin and mucosal lesions, oedema and enlargement of the
liver due to fatty infiltration as determined by histochemical analysis of biopsy
specimens. The children with marasmus presented with apathy, a severe weight deficit
of more than 409, below the ideal weight for age (Nelson, 1959) and absence of sub-
cutaneous fat. They did not have oedema, skin lesions or enlargement of the liver.
Only dietary treatment was given, providing about 180 kcal/kg per d and 3 g protein/kg
per d as milk protein.

On admission and at different periods during recovery, blood samples were taken,
always after an overnight fast, from the patients with kwashiorkor. The blood samples
were centrifuged immediately and the serums collected. Control blood samples were
obtained from a group of thirteen healthy children aged 14—21 months.

Liver biopsies in patients with kwashiorkor were performed during the first 5d
after admission and repeated between the 8th and the rsth days of treatment. In
patients with marasmus blood and liver samples were taken only on admission.

Parental consent was always obtained before performing the liver biopsies and all
necessary precautions were taken; this procedure involves negligible risk (Stuart,
Bras, Patrick & Waterlow, 1958). The investigation was considered to be not only of
academic but of considerable practical interest in the treatment of kwashiorkor; in
fact it is not known whether any special attention should be paid to the fatty infiltra-
tion of the liver during treatment, which usually consists only of providing adequate
diets.

Plasma free fatty acids (FFA) were measured by the method of Goss & Allen (1966).
Serum triglycerides were measured by the method of Carlson (1963). Lipid phos-
phorous was determined as described by Fiske & Subbarrow (1925). Cholesterol was
measured by the method of Abell, Levy, Brodie & Kendall (1g52). Protein was deter-
mined by the biuret reaction (Gornall, Bardawill & David, 1949).

The different serum protein fractions were estimated by paper electrophoresis.

Two lipoprotein fractions were separated by ultracentrifugation at density
(d) = 1-063 (Havel, Eder & Bragdon, 1955) in some of the samples. The different
lipid fractions were determined in each fraction by direct analysis; the recovery in
individual samples varied between 93 and 105 9 as calculated from the value obtained
for total serum.

The liver biopsy specimens were sliced and desiccated over P,Oy; total lipids were
then extracted with 20 volumes of chloroform—methanol, 2:1. After partition dialysis
by the method of Folch, Lees & Sloane-Stanley (1954) chloroform-methanol was
added to a known volume and portions were taken for the determination of total lipids
by the method of Bragdon (1951). Total liver lipid was expressed as mg palmitic
acid per mg liver nitrogen (Johnson, 1941) in order to avoid any misinterpretation of
results due to differences in the water content of the liver samples.

The fatty infiltration was also evaluated by staining with Sudan IIT and graded
microscopically. Both the chemical and histochemical analyses were always done in the
fresh samples because some lipolysis seemed to occur upon storage even at —18°,

Reagents were all analytical grade. The cholesterol, palmitic acid and tripalmitin
used as standards were purchased from the Sigma Chemical Co. (St Louis, Mo., USA).
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RESULTS

On admission, serum lipids, especially triglycerides, were low in patients with
kwashiorkor (Table 1) in keeping with the observations of Schwartz & Dean (1957),
Lewis et al. (1964) and Truswell et al. (1969). These low values were accounted for

Table 1. Lipids of total serum and of high-density and low-density
lipoproteins in infantile malnutrition

(Mean values with their standard errors; figures in parentheses are numbers of patients)

. 1Lipid fraction Normal Marasmus Kwashiorkor
otal serum
Triglycer.idfes 14346 (13) 171 £ 17 (9) 8ok 4*** (10)
Phospholipids 1got 11 (12) 174114 (7) 146+ 7* (9)
L.Chole:t?rol ¢ densi . 146 +4 (8) 149+ 13 (8) 115+ 11% (8)
1poproteins of density > 1°063
Triglycerides 33%3(8) 3414 (9) 19+3% (3)
g}ﬁo?pl::diplids (mi/rﬁﬁ)ml 110+ §4( ()8) 92 +6 Egg go 7 6(3() )
olestero 49%8(3 46+ 4 416 (3
Lipoproteins of density < 1-063
Triglycer.id_es 10619 (8) 111+ 16 (9) 68+ 4* (3)
Phospholipids 100+ 15 (8) 76 +7 (8) 51 +8(3)
Cholesterol 68+ 10 (3) 8019 (9) 6843 (3)
Plasma FFA (#-equiv./l) 597+20t (38) 399%37(10) 556476 (6)
FFA, free fatty acids.
* P < oos.

*¥*¥% P < o001 (values have been compared with those obtained for normal children).
1+ From Goss & Allen, (1966).

Table 2. Plasma free fatty acids (FFA), liver lipids and serum proteins in kwashiorkor

(Mean values with their standard errors; figures in parentheses are the numbers of patients)

At admission After 8~12 d treatment

Plasma FFA (u-equiv./l) 556 £ 76 (6) 426 + 69 (5)
Liver lipids (mg palmitic acid/mg N) 10°41 +0'81 (4) 541 £ 076 %*¥ (3)
Total serum protein (g/100 ml) 4151026 (%) 6:00 +0-63* (6)
Serum f-globulins (g/100 ml) 0'37 009 (4) 084 +0-04% (4)
Serum albumin (g/100 ml) 238 +047(4) 4-05+0°56 (4)
Serum o,- and o,-globulins (g/100 ml) 066 +o0°'10 (4) 061 +005 (4)

* P < o02. *%% P < o'00I.

mainly by the d < 1-063 lipoprotein fraction. Patients with marasmus presented values
within normal limits in all the lipid fractions studied. Serum FFA were within the
normal range in both patients with marasmus and those with kwashiorkor (Table 1).

Histochemical analysis of the liver samples taken on admission confirmed the
presence of fatty liver in the patients with kwashiorkor and its absence in those with
marasmus. Chemical analysis of some of the samples demonstrated a high level of liver
lipids in the patients with kwashiorkor (Table 2), equivalent to an average of 259, of
wet weight.

Plasma proteins were markedly reduced in the patients with kwashiorkor, the
greatest reduction being in #-globulins. It was observed that there was a relationship
between low values for #-globulins and the presence of fatty liver in the malnourished
children (Fig. 1).
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During treatment of patients with kwashiorkor a sharp rise in serum triglycerides,
and to a lesser extent in serum phospholipids and cholesterol, was observed, con-
firming the early observations of Schwartz & Dean (1957) (Table 3). These changes
occurred mainly in the d < 1-063 lipoprotein fraction.

There was a good correlation between the concentrations of triglycerides, phos-
pholipids and cholesterol in the d < 1-063 lipoprotein fraction (Fig. 2).

Table 3. Effect of treatment of patients with kwashiorkor on the lipids
of total serum and of serum lipoproteins

(Mean values with their standard errors; figures in parentheses are the numbers of patients)

Lipid fraction o-2d 3-5d 6-8 d 8d
Total serum
Triglycerides 8044 (10) 205+ 11*¥**¥(7) 19117 (7) 152+ 15 (7)
Phospholipids 14616 (9) 192+ s5¥*%(3) 205+11(7) 173+ 12 (6)
Cholesterol 115+12(8) 131%£6(7) 141+ 11 (4) 106 + 16 (4)

Lipoproteins of
density > 1°063

Triglycerides 19£3(3)  31%7(5) 46+ 12 (5) 3416 (7)
Phospholipids \ (mg/10oml serum) 9o+7(3) 7619 (3) 138 +9*** (3) 109+ 16 (7)
Cholesterol 64+16(3) 29+4(3) 72+ 11 (3) 49+ 12 (7)

Lipoproteins of
density < 1063

Triglycerides 68+4(3) 154117%%*(4) 12248 (4) 10419 (7)
Phospholipids s51+8(3) 121+18*(3) 124+18(3) 94+ 19 (6)
Cholesterol 6813 (3) 88+7(3) 78 +8 (3) 67+ 4 (6)

Values have been compared to those obtained at o—2 d (admission). Only the earliest significant
differences are quoted.
* P < o005. *%* P < oooI.

After 8-12 d of treatment a reduction of up to 509, of the initial liver lipid content
was observed in patients with kwashiorkor (Table 2). In these, plasma FFA showed
a slight decrease of no statistical significance.

All the serum protein fractions increased in 1—2 weeks of treatment but only the
rise in f-globulins was significant in this period (Table 2).

DISCUSSION

The low fasting triglyceride levels in serum (Table 1) (Schwartz & Dean, 1957;
Lewis et al. 1964; Flores et al. 1967; Truswell et al. 1969) and the high value for liver
lipids (Table 2), especially triglycerides (Iturra, 1947; Macdonald, 1960), present
a pattern of lipid metabolism similar to that observed in fatty livers induced experi-
mentally by blocking the synthesis of low-density lipoproteins (Robinson & Seakins,
1962) which are responsible for the transport of liver triglycerides to plasma
(Fredrickson, Levy & Lees, 1967).

Thus, a block in the release of hepatic triglycerides to plasma appears to be the
primary mechanism in the pathogenesis of the fatty liver of kwashiorkor. This hypo-
thesis, already suggested by Schwartz & Dean (1957), is supported by our findings,
which show that the low levels of plasma lipids observed at admission of patients with
kwashiorkor are due mainly to a reduction in the low-density lipoprotein fraction
(Table 1). This fraction also accounted for the increase of serum lipids observed during
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Fig. 1. Relationship between serum f-globulins and fatty liver in malnourished children.
A, children with fatty liver (kwashiorkor); B, children without fatty liver (marasmus); C,

normal children.
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Fig. 2. Correlation between the concentration of triglycerides and phospholipids and between
triglycerides and cholesterol in serum low-density lipoproteins (density < 1:063) of children

recovering from kwashiorkor.
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treatment (Table 3), which is in agreement with the finding by Truswell et al. (1969)
of the appearance of a pre-A-lipoprotein band in the electrophoresis of serum from
patients recovering from kwashiorkor. Suggestive evidence that the liver is the source
of this increase is provided by the observation that it was concomitant with reduction
in liver fat (Table 2).

An important observation derived from this study is the correlation found between
the levels of triglycerides, phospholipids and cholesterol in the d < 1-063 lipoprotein
fraction of serum from the patients with fatty liver (Fig. 2). Heimberg, Weinstein,
Dishmon & Fried (1965) and later Weinstein, Dishmon & Heimberg (1966) have
observed such a correlation in the release of lipids from perfused rat livers. They
deduced from this that the d<1-020 lipoprotein, the subject of their study, may
correspond to a well-defined chemical entity whose components occur in fixed pro-
portions. Our findings suggest that this is also applicable to the human low-density
lipoproteins.

It has been postulated that the synthesis of low-density lipoproteins may be in-
hibited and lead to fatty liver, by blocking the synthesis of any of their components
(Heimberg et al. 1965; Weinstein et al. 1966). Thus, fatty livers have been caused
experimentally by the administration of inhibitors of protein synthesis (Robinson &
Seakins, 1962; Heimberg et al. 1965) or by diets devoid of choline which prevent
phospholipid synthesis (Lombardi, Ugazio & Raick, 1966).

No evidence of impaired phospholipid synthesis has been found in kwashiorkor
(Truswell et al. 1969). Chatterjee & Mukherjee (1968) have reported low values for
total phospholipids as a percentage of liver weight in kwashiorkor, but their results
can be recalculated to show no reduction if expressed on a fat-free weight basis. The
concentration of total phospholipids in plasma is only slightly reduced (Schwartz &
Dean, 1957; Lewis et al. 1964; Truswell et al. 1969) (Table 1) and shows only a
secondary rise during treatment (Schwartz & Dean, 1957; Lewis et al. 1964) (Table 3).
On the other hand, the low protein intake, part of the aetiology of kwashiorkor (Water-
low, Cravioto & Stephen, 1960; Scrimshaw & Behar, 1965; Monckeberg, 1966), makes
it likely that the defect lies in the synthesis of the protein moiety of low-density lipo-
proteins. In favour of this hypothesis, already suggested by us (Monckeberg, 1966;
Flores et al. 1967; Monckeberg, 1968) and by Truswell et al. (1969), is the finding of
a close relationship between very low levels of plasma S-globulins and the presence
of fatty liver in malnourished children (Fig. 1). In fact, Lees (1967) has found that the
circulating apoprotein of low-density lipoproteins (Roheim, Miller & Eder, 1965) is
a f-globulin. Animal experiments have shown that this circulating apoprotein is
the limiting factor for the release of liver triglycerides to plasma in protein-depleted
rats (Flores, Sierralta & Monckeberg, 1970).

Our finding of normal plasma levels of FFA in patients with kwashiorkor conflicts
with observations of other workers (Fletcher, 1966; Hadden, 1967; Lewis et al. 1964;
Lewis, Wittmann, Krut, Hansen & Brock, 1966; Rao & Prasad, 1966) who found
high levels, leading to the conclusion that increased transport of fatty acids from
depots to liver may play a part in causing fatty liver in kwashiorkor (Lewis et al. 1964;
1966). While the absence of diarrhoea and vomiting in our patients could explain
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the discrepancy, our finding suggests that high concentrations of plasma FFA
are not necessarily associated with kwashiorkor, and their role, if any, in the fatty
infiltration of the liver, is undoubtedly limited. In this context it seems important to
mention the observation of Lewis et al. (1964) that, though the increase of serum tri-
glycerides was dependent on protein repletion, the lowering of plasma FFA was not.
Moreover, the high concentrations of plasma FFA are also observed in patients with
marasmus, in whom fatty liver does not develop (Lewis et al. 1964, 1966).

The patients with marasmus in this study all had normal concentrations of plasma
lipids as well as of plasma proteins, including A-globulins; this provides further
evidence that the changes discussed above are specifically associated with the fatty
infiltration of the liver.

This investigation was supported by NIH grant AM 04226-07. The authors are
indebted to Professor J. C. Waterlow for advice in the preparation of the manuscript.
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