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Monocarboxylic short-chain fatty acids 
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T he se ru m  co n cen tra tio n s  o f m onocarboxy lic  sh o r t-c h a in  fa t ty  
acids (acetic  to  n -capro ic) w ere e s tim a ted  in  12 ch ild ren  w ith  sim ple obesity  
aged  4 — 16 y ea rs  a n d  in  a  co n tro l g roup  o f 35 n o rm a l su b jec ts . I n  th e  obese 
p a tie n ts , s ig n ifican tly  decreased  values for a ce tic  an d  n -cap ro ic  ac id  and  
a n  increased  to ta l  free  f a t ty  acid  level w ere found . T he p re su m ab le  causes 
o f th e  p h enom enon  a re  discussed.

In obesity, the level of total plasma 
free fatty acids (FFA) has been shown 
to increase owing to their defective 
utilization [5, 6, 9]. On the other hand, 
in certain types of obesity a normal 
level was found [1]. In any case, the 
disturbance in FFA turnover appears 
to constitute an important factor in 
obesity [6].

The FFA fraction of human plasma 
is composed of a number of individ
ual fatty acids with various chain 
length mainly C12 to C22 [3]. In most 
previous studies concerning obesity, 
FFA were considered a metabolically 
homogeneous entity and the behaviour 
of the individual fatty acids was dis
regarded. No attention has been devot
ed so far to the evaluation of short- 
chain fatty acids (SFA) in serum or 
plasma of obese patients. Since in
dividual SFA represent important 
metabolic intermediates in some bio

chemical pathways, we have studied 
the C2—Ce SFA concentrations in 
serum of obese children.

M a t e r i a l
I

T w elve obese ch ild ren , 7 b o y s  an d  5 
girls, ran g in g  in  age from  4 to  16 years 
w ere exam ined . T h ey  a ll h a d  sim ple 
ob esity  w ith  a n  av e rag e  o v e rw e ig h t o f 
64% . T he co n tro l g ro u p  co n sis ted  o f  35 
n o rm al ch ild ren , 21 b oys a n d  14 girls, 
aged  4 — 16 y ea rs . T h e ir  d a ta  h a v e  been 
described  p rev io u sly  [10]. N one o f  th e  
su b jec ts  rece ived  a n y  d ru g  a t  th e  tim e  of 
th e  s tu d y .

M e t h o d s

B lood w as o b ta in ed  b y  v en ip u n c tu re  
a f te r  an  o v e rn ig h t fa s t a n d  th e  se ru m  was 
p rep a red  for gas-liqu id  c h ro m a to g ra p h y  
a f te r  th e  m odified  m e th o d  o f  P e r ry  e t  al. 
[10, 12]. A  gas c h ro m a to g ra p h  ty p e
G .C .H .F . 18.3 (C hrom atron ) equ ipped  
w ith  flam e io n isa tio n  d e te c to r  w as used. 
A  single stee l co lu m n  3 m x 4 m m  i. d.
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T a b l e  I

Serum  co n cen tra tio n s o f  in d iv id u a l sh o r t cha in  fa t ty

G roup A cetic Propionic
Iso-

bu ty ric B utyric

Range 2.12 — 14.71 0.0 -1 .1 0 0.0 -1 .1 4 0.0 —1.65
О Mean 6.98 0.50 0.40 0.73
До S. D. 3.71 0.31 0.28 0.40

о
V. С. % 51.1 62.0 70.0 54.7

Hange 2.33 — 11.81 0 .10-0 .91 0 .0 -0 .8 7 0 .26 -0 .78
>> Mean 4.47 0.34 0.32 0.56
s S. D. 2.74 0.23 0.22 0.16

V. C. % 61.3 67.6 68.7 28.5

p a c k e d  w ith  6% SP 1000 (S u p e lco  Inc) 
o n  C h ro m o so rb  GAW DM CS 80 /100  m esh 
w a s  em p lo y ed  and  m a in ta in e d  u n d e r  iso
th e r m a l  conditions. The te m p e ra tu re s  were: 
c o lu m n , 160°C; in jec to r a n d  d e tec to r, 
200°C . C arrie r gas w as N 2, 70 m l/m in . 
T h e  f lo w  ra te s  for H 2 a n d  a i r  w ere 25 
m l /m in  a n d  750 m l/m in , re sp ec tiv e ly . 
T h e  a n a ly s e s  were carried  o u t  a t  se n s itiv i
t ie s  o f  1 X 10-10 to  30 X 10—10 A F S  acco rd 
in g  to  th e  com position o f  th e  sam ple. 
Id e n t if ic a t io n  of se p a ra te d  S F A  w as 
b a s e d  o n  th e  ch rom atog ram s o f  a n  a r t if i
c ia l m ix tu re  con tain ing  a c e t ic  p rop ion ic , 
is o -b u ty r ic ,  n -bu ty ric , iso -v a le r ic , n -valeric , 
iso -c a p ro ic , and  n -capro ic  a c id s  (F luka , 
B u c h s , Sw itzerland) in  w a te r ,  a t  a  con
c e n t r a t io n  o f 10 |Ug/ml. T h e  p e a k  areas 
w e re  m easu red  b y  p la n im e try . T h e  m ass 
c o r r e c t io n  factors w ere c a lc u la te d  by  
c h ro m a to g ra p h in g  know n a m o u n ts  o f th e  
in v e s t ig a te d  SFA s im u lta n e o u s ly  w ith  
25 p g  o f  n -hep tanoic  ac id  u se d  a s  a n  in 
t e r n a l  s ta n d a rd .

T h e  re su lts  were su b je c te d  to  s ta tis tic a l 
a n a ly s is  b y  S tu d en t’s t te s t .

R e s u l t s

The serum concentrations of mono- 
carboxylic SFA in control and obese

children are presented in Table I. 
Acetic acid was present in all members 
of the control group, as well as in the 
obese children. N-butyric, iso-valeric 
and n-caproic acids were detectable in 
34 control subjects, iso-butyric acid 
in 33, propionic and n-valeric acids in 
32, and iso-capric acid in 18 subjects.

In the obese children, 6 acids (acet
ic, n-butyric, iso-valeric, n-valeric, 
propionic and n-caproic) were detect
able in every sample. Iso-butyric acid 
was found in 11 cases and iso-caproic 
acid in 8 cases. The mean serum con
centration of all SFA except iso
valeric acid was lower in the obese than 
in the control patients but only the 
levels of acetic and n-caproic acids 
were significantly decreased in compar
ison to the control group (p </ 0.05). 
The serum level of iso-valeric acid was 
slightly elevated in the obese children 
(p > 0 .05).

There was no correlation between the 
serum concentrations of individual 
SFA and the degree of overweight. The 
SFA levels scattered widely in both
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acid s (/tg/m l) in  co n tro l a n d  obese ch ild ren

Group
Iso

valeric V aleric
Iso-

caproic Caproic

Range 0 .0 -2 .6 2 0 .0 -1 .7 8 0 .0 -1 .9 7 0 .0 -4 .2 6
О Mean 0.79 0.69 0.27 1.34
Й
о S. D. 0.62 0.48 0.51 0.72

О
V . c . % 78.4 69.6 188.8 63.7

Range 0 .3 6 -4 .0 0 .10 -1 .31 0 .0 -0 .4 8 0 .6 6 -1 .6 1
>> Mean 0.98 0.54 0.18 0.79
CD

rO S. D. 1.12 0.42 0.16 0.36
о

V . C . % 114.2 77.7 8 8 .8 45.6

groups. N-butyric acid showed a low 
variability in obesity (V. C. =  28.5%) 
whereas the level of iso-caproic acid 
showed striking fluctuations in con
trol sera (V. C. =  188.8%). The total 
serum FFA level in obese patients 
varied from 500 to 1499 mEq/1 and 
its mean value of 951 +  288 mEq/1 
was above that found in normal 
children [8].

D is c u s s i o n

It is now generally agreed that the 
state of obesity is associated with 
several biochemical deviations con
cerning mostly the metabolism of 
carbohydrate and lipid [14]. Pen
nington [11] was the first to postu
late the existence of a metabolic block 
beneath pyruvic acid, preventing this 
compound from entering the Krebs 
cycle. Stuchlikova et al. [13] found 
in obese patients that beside pyruvic 
acid the level of citric acid was also 
increased and this would suggest the 
presence of a block within the Krebs

cycle. However, Krotkiewski et al. 
[7] could not confirm this hypothesis.

The high total serum FFA level ob
served in the majority of obese pa
tients may result from the increased 
synthesis of FFA and, on the other 
hand, from the decreased speed of 
their oxidation and impaired lipoly- 
sis [2].

The low mean acetic acid level ob
served in our patients seems to be of 
interest, since this compound in the 
form of acetyl-coenzyme A is a 
common point of metabolic pathways 
of lipids and carbohydrates. If the 
above mentioned hypotheses of Pen
nington and Stuchlikova are valid, one 
migth postulate the block to be situat
ed between the pyruvic and acetic 
acids. The only other possibility would 
be that acetic acid is utilized faster 
than normal in obese patients. The de
creased serum level of n-caproic acid 
in obese children seems to be second
ary to the deviation of acetic acid 
metabolism since this compound hav
ing an even number of carbon atoms
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(Ce) is one of the intermediates on the 
pathway leading to the synthesis of 
fatty acids from acetyl-coenzyme. 
It seems reasonable to assume that the 
lower serum values for acetic and 
n-caproic acids in obese children as well 
as the increased total plasma FFA 
concentration reflect the subnormal 
rate of beta-oxidation of middle and 
long-chain fatty acids. This might be 
due to the metabolic defect based on 
the subnormal activity of enzymes 
taking part in the process of beta- 
oxidation. An analogous phenomenon 
is known to occur in G-6-PD defici
ency [4]. This hypothesis would serve 
to explain the well-known inclination 
to obesity observed in some persons 
and families, and a normal or in
creased enzyme activity would pre
vent obesity even in overfed individ
uals.

The present observations do not 
permit to draw definite conclusions. 
For a reliable evaluation of the 
problem, simultaneous measurements 
of SFA, pyruvic acid and its metab
olites, as well as of the tricarboxylic 
acids of the Krebs cycle together with 
the blood aminoacid pattern will be 
necessary.
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