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The serum

Mean n-butyric and

concentrations of
containing 2—6 carbon atoms were studied
iso-valeric acid

individual short-chain fatty acids
in 12 underweight children.

levels were significantly elevated in

underweight children, while those of n-valeric and iso-caproic acids were
not significantly higher than in the control group. The level of total free
fatty acids was also increased in the underweight group. A reduced enzym-
atic activity in fatty acid synthesis is supposed to be the factor underlying

the impaired lipogenesis.

In children, underweight is more
common than obesity. The failure to
gain weight is usually due to exoge-
nous factors, mainly to an insufficient
caloric supply. In some cases it is
the result of disturbances of biologi-
cal autoregulation systems, especially
vegetative centres [16] or of changes
in the activity of anabolic and cata-
bolic enzymes when the metabolic

equilibrium is shifted towards
catabolism leading to decreased
weight gain or even to under-
stature.

As fatty acids are an important

source of energy and their metabolism
is abnormal in obesity [10], it seemed
interesting to study the serum con-
centration of individual short-chain
fatty acids (SFA) containing 2—6
carbon atoms in underweight child-
ren.

Material

Twelve children, 6 boys and 6 girls,
aged 6 to 14 years were examined. Their
deficit varied from 20% to 42.3% (mean
33.5%). In 8 cases there was a growth defi-
cit of 8.1% —38%; 3 of these were diag-
nosed as pituitary dwarfism. The history
revealed insufficient caloric intake in 6
cases and a low birth-weight in 5 cases.
The control group consisted of 36 apparent-
ly healthy children, 21 boys and 14 girls,
4 to 16 years of age [9] of normal weight
and height and free from metabolic disor-
ders.

Methods

Five ml blood was obtained by veni-
puncture after an overnight, fast and the
serum was prepared for analysis after the
method of Perry et al. [11] in our own
modification [9]. For separation and quan-
titation of individual SFA, gas chroma-
tography was employed.

The results were subjected to statisti-
cal analysis by means of Student’s i-tost.
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Results iso-valeric and n-caproic acid were

present in the sera of all the under-

The serum concentrations of indi- weight children, iso-butyric acid was
vidual SFA in both groups are sum- detectable in 11 cases and iso-caproic
marized in Table I. Acetic, propionic, acid in 6. In the control group, only

Table |

Serum concentration of individual short-chain fatty acids (“ug/ml) in normal and under-
weight children

Number
Group olfesCLtjg- Age Acetic Propionic Isobutyric Butyric
n 12 12 u 12
Range 3.55—22.1 0.19—151 0—1.08 0.44- 1.86
\';\J/gldgirt 12 5—13  Mean 9.10 0.76 0.56 1.01
S. D. 5.90 0.38 0.30 0.49
V. C. 64.8 50.0 53.5 48.5
n 35 32 33 34
Control Range 2.12—14.71 0—1.10 0—1.14 0—1.65
35 4—16 Mean 6.98 0.50 0.40 0.73
S. D. 3.71 0.31 0.28 0.40
V. C. 53.1 62.0 70.0 54.7
p < 0.05 p < 0.05 p < 0.05 p < 0.05
Number
Group ojfe?:LtlE- Age Isovaleric Valeric Isocaproic Caproic
n 12 12 6 12
Under- 12 513 Range 0.7-1.98 0.22 -1.91 0—2.25 0.74—1.97
weight Mean 1.25 0.70 0.41 1.27
S. D. 0.48 0.52 0.68 0.41
V. C. 39.2 74.3 165.8 32.3
n 34 32 18 34
Range 0—2.52 0—1.78 0—1.97 0—4.26
Control 35 4-16 Mean 0.79 0.69 0.27 1.34
S. D. 0.62 0.48 0.51 0.72
V. C. 78.4 69.5 188.8 53.7
p < 0.05 p < 0.05 p < 0.05 p < 0.05

n = number of cases with detectable levels of individual SFA
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acetic acid was found in every child,
whereas the other SFA were not al-
ways detectable [9].

The average values for all SFA
except n-caproic acid were higher
in underweight children but only the
n-butyric and iso-valeric acid con-
centrations were significantly ele-
vated in comparison to the control
group (p < 0.05). The mean serum
n-caproic acid level was insignifi-
cantly lower in underweight patients
(p >+ 0.05). There was no correlation
between the serum concentration of
individual SFA and the degree of
underweight and/or understature. The
SFA levels in pituitary dwarfism did
not differ markedly from those found
in the other underweight subjects.
In both groups the serum SFA levels
showed a wide individual variability

except the n-caproic acid level in
the underweight group (V.C. =
= 32.3%), whereas the iso-caproic

acid level showed striking fluctuations
in both groups (V.C. = 165% and
188%, respectively). The total free
fatty acid (FFA) concentration in
underweight children varied from
333 //E/l to 1692 juE/1 and its mean
of 1004 T: 688 pE/l was above the
normal 694 d: 153 pE/l.

Discussion

The FFA fraction of tissue or plas-
ma lipids represents an important
source of energy [1, 6, 16]. Adipose
tissue is considered to be the main
source of blood FFA [6, 8]. The cir-
culating FFA level is an algebraic

summation of the rate of release from
fat stores and the rate of utilization
in tissues [5]. Lean subjects display
a steeper rise of blood FFA under
fasting conditions than normal or
obese persons do [5]. This may be
caused by an accelerated FFA mobil-
ization from lipid stores, their de-
creased utilization by tissues, or both.
There are many factors including hor-
monal ones stimulating the mobili-
zation of FFA from adipose tissue
[16]; one of them is malnutrition both
in infants [2] and in animals [3]. It
was postulated that in kwashiorkor
a metabolic block would prevent the
coenzyme-A derivatives of short-chain
fatty acids from entering the Krebs
cycle [7]. The elevated serum total
FFA level in our material also sup-
ports that observation [2, 3].

Increased serum levels of short-
chain fatty acids, especially those with
an even number of carbon atoms,
seems to reflect an impaired synthesis
of long-chain fatty acids from acetyl-
CoA by reversed beta-oxidation, which
takes place in the mitochondrial
system [13, 14, 15]. The concentra-
tion of n-caproic acid was, however,
somewhat lower in underweight pa-
tients than in the control group, but
much higher than in obese children
[10]. The elevated propionic acid level
could be regarded as the result of
an impaired utilization of propionyl-
CoA for the formation of palmitate
via malonyl-CoA in the non-mito-
chondrial system of FFA synthesis,
beside the main pathway through
acetyl-CoA [13].

According to Robb et al. [12] the
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majority of infused SFA, especially
acetate, propionate and butyrate, is
utilized for lipogenesis and fattening
in sheep. On the basis of our obser-
vation one may postulate that there
is an inclination to accumulation of
these compounds in the blood of
underweight children, which could
explain the impaired lipogenesis and
insufficient weight gain. It seems
reasonable to suggest that the im-
paired FFA synthesis and the sub-
sequent diminished lipogenesis may
primarily result from the decreased
activity of enzymes responsible for
the functioning of mitochondrial and
non-mitochondrial systems. The in-
creased serum acetic and n-butyric
acid levels indicate that predominant-
ly the mitochondrial system is in-
volved [13]. On the other hand, the
rate of enzymatic conversion of indi-
vidual SFA to their acyl-CoA deriv-
atives may be subnormal or even
the formation of acylcarnitine com-
plexes transportable through mito-
chondrial membranes [15] may be
insufficient. It is difficult to estab-
lish whether these presumably en-
zymatic changes are constitutional
or acquired. In some cases they seem
to be determined genetically as
some persons [5] and some strains of
mice [4] are inclined to remain lean
despite overfeeding.

Another problem is presented by
the increased concentrations of iso-
butyric and iso-caproic acids in un-
derweight children, as these acids
are not intermediates in FFA synthe-
sis. In obese children the serum levels
of these acids are low [10], a fact

suggestive of differences in theirturn-
over depending on the nutritional
state. The explanation of the elevated
iso-valeric acid level remains obscure,
as this compound was elevated also
in the serum of obese children [10].

In summary, a decreased utiliza-
tion of SFA for the synthesis of long-
chain fatty acids and subsequently for
lipogenesis in connection with the
increased release of FFA from adi-
pose tissue results in reducing the
lipid stores and leads to a loss of
weight.
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