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T he serum  c o n c e n tra tio n s  o f  in d iv id u a l sh o rt-ch a in  f a t ty  acids 
co n ta in in g  2 — 6 carb o n  a to m s  w ere s tu d ied  in 12 u n d e rw e ig h t ch ild ren . 
M ean n -b u ty ric  and  iso -valeric  acid  levels w ere s ig n ifican tly  e lev a ted  in 
und erw e ig h t children , w h ile  those  o f  n -va le ric  and  iso -capro ic  ac id s w ere 
n o t s ig n ifican tly  h ig h er th a n  in  th e  co n tro l group . The leve l o f  to ta l  free 
f a t ty  acids w as also in c reased  in  th e  underw eigh t group . A re d u c e d  en zy m 
a tic  a c tiv ity  in fa t ty  ac id  sy n th e s is  is supposed  to  be th e  fa c to r  un d erly in g  
th e  im paired  lipogenesis.

In  children, underw eight is more 
com m on th an  obesity. The failure to  
gain weight is usually  due to  exoge
nous factors, m ainly to  an insufficient 
caloric supply. In  some cases it  is 
th e  resu lt of disturbances of biologi
cal au to regu lation  systems, especially 
vegeta tive centres [16] or o f changes 
in the ac tiv ity  o f anabolic an d  c a ta 
bolic enzymes when the m etabolic 
equilibrium  is shifted tow ards 
catabolism  leading to decreased 
w eight gain or even to  u n d er
sta tu re .

As fa tty  acids are an im p o rtan t 
source o f energy and  their m etabolism  
is abnorm al in obesity [10], it seem ed 
in teresting to  s tu d y  the serum  con
cen tration  o f individual short-chain  
fa tty  acids (SFA) containing 2—6 
carbon atom s in underw eight child
ren.

M a t e r i a l

T w elve children , 6 b oys a n d  6 girls, 
aged  6 to  14 years w ere ex a m in e d . T heir 
d e fic it v aried  from  20%  to  4 2 .3%  (m ean 
33 .5% ). In  8 cases th e re  w as a  g ro w th  d e fi
c it o f  8 .1%  — 38% ; 3 o f  th e s e  w ere d ia g 
nosed  as  p itu ita ry  d w arfism . T he  h is to ry  
rev ea led  insu ffic ien t ca lo ric  in ta k e  in  6 
cases an d  a  low  b ir th -w e ig h t in  5 cases. 
T he co n tro l group  consis ted  o f  36 a p p a re n t
ly  h e a lth y  children , 21 b o y s  a n d  14 girls, 
4 to  16 years  o f age [9] o f  n o rm a l w eight 
a n d  h e ig h t an d  free fro m  m e ta b o lic  d iso r
ders.

M e t h o d s

F iv e  m l blood w as o b ta in e d  b y  v en i
p u n c tu re  a f te r  an  overn igh t, f a s t  an d  the 
se ru m  w as p repared  fo r a n a ly s is  a f te r  the  
m e th o d  o f  P e rry  e t  a l. [11] in  o u r  own 
m od ifica tio n  [9]. F o r s e p a ra tio n  a n d  q u a n 
t i ta t io n  o f in d iv id u a l S F A , gas ch ro m a
to g ra p h y  w as em ployed .

T he re su lts  w ere su b je c te d  to  s ta t i s t i 
cal an a ly s is  b y  m eans o f  S tu d e n t’s i-tost.
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R e s u l t s

T he serum  co n cen tra tio n s of indi
v id u al SFA in bo th  g ro u p s are sum 
m arized  in Table I. A cetic , propionic,

iso-valeric an d  n-caproic acid were 
p re sen t in th e  sera of all the  u n d er
w eight children, iso-butyric acid  was 
d e tec tab le  in 11 cases and  iso-caproic 
acid  in 6. In  the  control group, only

T a b l e  I

S e ru m  concen tra tion  o f  in d iv id u a l short-chain  f a t ty  a c id s  (^ug/ml) in no rm al a n d  u n d e r
w eight ch ild ren

Group
Number 
of sub
jects

Age Acetic Propionic Isobutyric Butyric

n 12 12 11 12

U n d er
w eight 12 5—13

R ange 
M ean 
S. D.

3.55—22.1
9.10
5.90

0 .19—1.51
0.76
0.38

0—1.08

0.56
0.30

0 .44- 1.86 
1.01 
0.49

V. C. 64.8 50.0 53.5 48.5

n 35 32 33 34
C ontrol R ange 2.12—14.71 0— 1.10 0—1.14 0—1.65

35 4—16 M ean 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

Group
Number 
of sub
jects

Age Isovaleric Valeric Isocaproic Caproic

n 12 12 6 12

U nder
w eight 12 5 - 1 3

R ange
Mean

0 .7 -1 .98
1.25

0.22 -1 .9 1  
0.70

0—2.25
0.41

0.74—1.97
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
R ange 0—2.52 0—1.78 0—1.97 0—4.26

C ontrol 35 4 -1 6 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  =  num ber o f cases w ith  d e tec tab le  levels o f  in d iv id u a l SFA
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acetic acid was found in every child , 
w hereas the o th er SFA were n o t a l
ways detectable [9].

The average values for all SFA  
excep t n-caproic acid were h igher 
in underw eight children b u t only th e  
n -b u ty ric  and  iso-valeric acid con
cen tra tions were significantly e le 
v a ted  in com parison to  the con tro l 
group (p <  0.05). The mean serum  
n-caproic acid level was insignifi
can tly  lower in underw eight p a tien ts  
(p >• 0.05). There was no correlation 
betw een the serum  concentration o f 
ind ividual SFA and  the degree o f 
underw eight and /o r understa tu re . T he 
SFA  levels in p itu ita ry  dwarfism  d id  
n o t differ m arkedly from  those found  
in the  o ther underw eight sub jects. 
In  b o th  groups the  serum  SFA levels 
show ed a  wide individual v a riab ility  
excep t th e  n-caproic acid level in 
th e  underw eight group (V.C. =  
=  32.3% ), whereas the iso-caproic 
acid level showed strik ing flu c tu a tio n s 
in b o th  groups (V.C. =  165%  an d  
188% , respectively). The to ta l free 
fa tty  acid (FFA ) concentration in 
underw eight children varied from  
333 //Е /l to  1692 juE/1 and its m ean 
o f 1004 T: 688 pE /I was above th e  
norm al 694 d: 153 pE/1.

D isc u ssio n

The F FA  fraction  of tissue or p la s 
m a lipids represents an im p o rtan t 
source o f energy [1, 6, 16]. Adipose 
tissue is considered to  be the  m ain  
source of blood F F A  [6, 8]. The c ir
cu lating  F FA  level is an algebraic

sum m ation of the  ra te  of release from  
fa t stores and  the  ra te  o f u tiliza tion  
in tissues [5]. Lean sub jects  d isplay  
a steeper rise o f blood F F A  under 
fasting conditions th a n  norm al or 
obese persons do [5]. T his m ay be 
caused by an  accelerated F F A  m obil
ization  from  lipid stores, th e ir  de
creased u tiliza tion  by  tissues, or both . 
T here are m any factors including h o r
m onal ones stim ulating  th e  m obili
za tion  of F F A  from  adipose tissue 
[16]; one of them  is m aln u tritio n  both 
in infants [2] and  in  anim als [3]. I t  
was postu la ted  th a t  in kw ashiorkor 
a  m etabolic block would p rev en t the 
coenzyme-A derivatives o f short-chain  
fa tty  acids from  en tering  th e  K rebs 
cycle [7]. The elevated  serum  to ta l 
F F A  level in our m ateria l also sup
po rts  th a t  observation [2, 3].

Increased serum  levels o f short- 
chain fa tty  acids, especially those with 
an  even num ber of carbon atom s, 
seems to  reflect an  im paired  synthesis 
of long-chain fa tty  acids from  acetyl- 
CoA by reversed beta-ox idation , which 
takes place in the  m itochondrial 
system  [13, 14, 15]. The concentra
tio n  of n-caproic acid was, however, 
som ew hat lower in underw eight p a 
tien ts  th an  in the  control group, bu t 
m uch higher th an  in obese children
[10]. The elevated propionic acid level 
could be regarded as th e  resu lt of 
an  im paired u tiliza tion  o f propionyl- 
CoA for the form ation o f p a lm ita te  
v ia malonyl-CoA in th e  non-m ito- 
chondrial system  of F F A  synthesis, 
beside the  m ain p a th w ay  th rough  
acetyl-CoA [13].

According to  R obb e t  al. [12] the
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m ajo rity  o f infused SFA, especially 
ac e ta te , propionate an d  b u ty ra te , is 
u tilized  for lipogenesis and  fa tten ing  
in sheep. On the basis of o u r obser
v a tio n  one m ay p o stu la te  th a t  there 
is an  inclination to  accum ulation  of 
these com pounds in the  blood of 
u nderw eigh t children, which could 
exp la in  th e  im paired lipogenesis and  
insufficien t weight gain. I t  seems 
reasonable to  suggest th a t  the im 
p a ired  F F A  synthesis and  the  su b 
seq u en t dim inished lipogenesis m ay 
p rim arily  result from  the decreased 
a c tiv ity  of enzymes responsible for 
th e  function ing  of m itochondrial and  
non-m itochondrial system s. The in 
creased serum  acetic and  n-bu ty ric  
acid levels indicate th a t  p red o m in an t
ly th e  m itochondrial system  is in 
volved  [13]. On the  o ther hand , the 
ra te  o f enzym atic conversion of indi
v idual SFA  to th e ir acyl-CoA deriv 
a tives m ay  be subnorm al or even 
the  fo rm ation  of acy lcarn itine com 
plexes tran sp o rtab le  th rough  m ito 
chondria l m em branes [15] m ay be 
insufficient. I t  is d ifficult to  e s tab 
lish w hether these p resum ably  en 
zy m atic  changes are constitu tiona l 
or acqu ired . In  some cases th ey  seem 
to  be determ ined genetically  as 
some persons [5] and  some stra in s of 
mice [4] are inclined to  rem ain  lean 
desp ite  overfeeding.

A n o th er problem  is p resen ted  by  
the  increased  concentrations of iso- 
b u ty ric  an d  iso-caproic acids in u n 
derw eigh t children, as these acids 
are n o t in term ediates in  F F A  sy n th e 
sis. In  obese children th e  serum  levels 
o f these acids are low [10], a fact

suggestive o f differences in their tu rn 
over depending on the nu tritiona l 
s ta te . T he exp lanation  of the  elevated 
iso-valeric acid level rem ains obscure, 
as th is  com pound was elevated also 
in th e  serum  of obese children [10].

In  sum m ary , a decreased u tiliza 
tion  o f SFA  for th e  synthesis of long- 
chain fa tty  acids and  subsequently  for 
lipogenesis in connection w ith the 
increased release of F FA  from ad i
pose tissue results in reducing the 
lipid sto res and  leads to  a loss of 
weight.
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