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T he norm al se ru m  c o n cen tra tio n s  o f  sho rt-cha in  f a t ty  a c id s  C 2—C6 
(acetic  to  n -caproic) w ere e s tim a ted  b y  g as ch ro m ato g rap h y  in  36 ch ild ren  
aged  4 — 16 years . In d iv id u a l f lu c tu a tio n s  w ere wide. T he h ig h e s t m ean  
level concerned ace tic  ac id  (6.98 +  3.71 /tg/m l), w hereas th e  m e a n  co n c e n tra ­
tio n s o f o th e r SFA  w ere considerab ly  low er an d  d id  n o t exceed  1.0 pg/m l 
e x c e p t for n -capro ic  ac id  (1.34 pg /m l).

Since the discovery of metabolic 
disorders leading to the accumulation 
of some short chain fatty acids (SFA) 
in biological fluids [1, 6, 14, 15] much 
attention has been paid to the eva­
luation of these compounds. The total 
fatty acids in human serum consist of 
a number of individual free fatty acids 
(FFA) with various chain length, 
mainly C12—C22 [4]. SFA with 2 to 6 
carbon atoms represent a small frac­
tion of FFA; they nevertheless play an 
important role being intermediates in 
some biochemical pathways. On the 
other hand an excess of SFA in the 
organism exerts a toxic effect on 
cerebral and nervous tissues by in­
hibiting their metabolic activity [13, 
14, 15]. The metabolism of SFA was 
found to be abnormal in cases of 
liver failure and cyclic vomiting 
[2 , 10].

Among the techniques available 
for the identification, separation and 
quantitation of SFA, the gas-liquid 
chromatographic procedure seems the 
most convenient one [3, 5, 7, 8, 9, 12]. 
The purpose of this investigation was 
to determine the normal values of 
individual SFA C2—C6 in serum of 
children.

M a t e r i a l  a n d  M e t h o d s

T he se ra  o f  35 ch ild ren  (21 b o y s  a n d  14 
girls) ran g in g  in  age from  4 to  16 years , 
h o sp ita lized  for o rthopaed ic  d iseases w ere 
s tu d ied . T he  p a tie n ts  were free fro m  m e ta b ­
olic d iso rders , infections, d is tu rb a n c e s  of 
dev e lo p m en t, m a ln u tr itio n , re n a l a n d  m e n ­
ta l  d iso rd ers . T hey  received n o  d ru g s  a t  
th e  tim e  o f  th e  s tu d y .

B lood  w as o b ta ined  b y  v e n ip u n c tu re  
a f te r  fa s tin g  overn igh t. Tw o h a lf  sam p les 
o f  se ru m , sep a ra ted  b y  c e n tr ifu g a tio n , 
w ere p lace d  in  60 m l flasks a n d  ac id ified
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to  p H  3 b y  th e  dropw ise a d d it io n  o f 1 M 
o rto p h o sp h o ric  acid. E x a c t ly  25 fig of 
n -h e p ta n o ic  acid  (1 m l o f  d ilu te  stock  
so lu tio n  o f  n -h ep tan o ic  a c id  in  w ater) 
w as a d d e d  as an  in te rn a l s ta n d a rd . The 
sa m p le  w as th e n  im m e d ia te ly  steam - 
d is ti lle d  in  K je ldahP s sem im ic ro  a p p a ra ­
tu s  u n t i l  30 m l o f d is tilla te  h a d  co llec ted  in 
a  g ra d u a te d  cy linder k e p t  in  ice . I n  order 
to  b in d  th e  traces  o f  f a t ty  a c id s  ev en tu a lly  
p r e s e n t  in  th e  w ate r, som e N a O H  w as 
a d d e d . T h e  d is tilla tio n  p ro c e d u re  requ ired  
7 — 10 m in . The d is tilla te s  w ere  p ro m p tly  
a d ju s te d  to  p H  7.6 b y  0.1 M  N aO H  in 
o rd e r  to  c o n v e rt th e  v o la tile  f a t ty  acids 
to  th e i r  non-vo la tile  so d iu m  sa lts . The 
n e u tra liz e d  d is tilla tes  w ere  th e n  placed 
in  160 m l flasks, e v a p o ra te d  a n d  th e  resi­
d u e  w a s  d issolved in  1 m l o f  d is tilled  w ater, 
t r a n s fe r re d  to  conical tu b e s  a n d  d ried  in 
a  v a c u u m  desiccato r o v e r  K O H  a t  85 °C 
fo r 5 — 6 hou rs , th e n  s to p p e re d  a n d  sto red  
a t  — 20 °C u n ti l  ana ly s is. P r io r  to  ch rom a­
to g r a p h y  th e  sod ium  sa l ts  w ere  re-con­
v e r te d  to  free acids b y  a d d in g  50 ,ul 
o f  2 6 %  H 3P 0 4 to  th e  d ry  sam p le . A fter 
6 m in . th e  so lu tion  w as th o ro u g h ly  stirred  
a n d  10 p i o f i t  w as in je c te d  in to  th e  gas- 
c h ro m a to g ra p h  w ith  H a m il to n ’s m icrosy- 
r in g e .

A  g as  ch ro m ato g rap h  G .C .H .F . 18.3. 
(C h ro m o tro n ) eq u ip p ed  w ith  flam e ioni­
z a tio n  d e te c to r  w as used . A  sin g le  3 m  x  4 m 
s te e l co lu m n  packed  w ith  5 %  S P  1000 
(S u p e lco  In c .) on C hrom osorb  G A W  DMCS 
80/100  m esh  w as em p loyed  a n d  m ain ta in ed  
u n d e r  iso therm ic  co n d itio n s . T h e  tem p e ra ­
tu r e s  w ere, colum n — 160 °C; in jec to r 
a n d  d e te c to r  —200 °C. T h e  ca rr ie r  gas 
w as  N 2, 70 m l/m in . T he  flow  ra te s  for H 2 
a n d  a i r  w ere 26 m l/m in  a n d  750 m l/m in 
re sp e c tiv e ly . The an a ly se s  w ere  carried  
o u t  a t  sens itiv ities  1 x  10-10 A FS  to  
30 X 10—10 A FS  acco rd in g  to  th e  com posi­
t io n  o f  th e  sam ple.

Id e n tific a tio n  of S F A  a n d  calculation of 
chromatograms

Id e n tif ic a tio n  o f  s e p a ra te d  SFA  was 
b a s e d  on  th e  ch ro m a to g ram s o f  an  a r t if i­

cial s ta n d a rd  m ix tu re  c o n ta in in g  ace tic , 
p ro p io n ic , iso -b u ty ric , n -b u ty ric , iso -va­
leric, n -v a le r ic , iso-caproic, n -cap ro ic  a n d  
n -h e p ta n o ic  ac id s (F luka, B uchs, S w itzer­
land ) in  w a te r , a t  a  co n cen tra tio n  o f  10 
fig/m l. T h e  p e a k  areas w ere m easu red  b y  
p la n im e try . T he  fac to rs for th e  re la tiv e  
p eak  a re a s  o f  each  SFA  (m ass co rrec tio n  
fac to rs) w ere  ca lcu la ted  b y  c h ro m a to g ra p h ­
ing  k n o w n  am o u n ts  o f th e  in v e s tig a te d  
SFA  s im u ltan eo u s ly  w ith  25 p g  o f  n- 
h e p ta n o ic  a c id  as an  in te rn a l s ta n d a rd . 
Q u a n tita t io n  o f  th e  am o u n t o f  each  SFA  
w as b a se d  o n  th e  form ula,

=  A*aS ^ ~ (i“S/m l)> w here

m x — c o n c e n tra tio n  o f SFA  in  /ig/'inl 
A x — p e a k  a rea  o f SFA  
fx — m a ss  correction  fac to r 
m w — a m o u n t o f in te rn a l s ta n d a rd  in  

th e  sam ple (25 fig)
A w — p e a k  a rea  of th e  in te rn a l s ta n d ­

a rd
V — v o lu m e o f  serum  ta k e n  fo r a n a ­

ly sis

T able I

M ass co rre c tio n  factors o f  SFA  fo r th e  f la ­
m e-io n iza tio n  d e tec to r as re la te d  to  n -h e p ­

tano ic  acid

Acetic acid 0.71
Propionic acid 0.79
Iso-butyric  acid 1.02

n-bu ty ric  acid 1.05
Iso-valeric acid 1.07

n-valeric acid 0.98
Iso-caproic acid 1.08

n-caproie acid 0.99
n-heptanoic acid 1.00

R e s u l t s

Table II presents the results in com­
parison to data reported by some other 
authors. Acetic acid was present in 
every sample and showed the highest
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T a b l e  I I

N orm al serum  concentrations of individual short-chain fa tty  acids (yg/ml)

Authors Subjects

Perry  et al (11).
31

adults

Tanaka et al (14).

4

children

4

adults

Papierkowski e t al.
35

children 
4 — 16 year

Acetic Propionic
Iso-

bu ty ric Butyric
Iso­

valeric Valeric
Iso-

caproic Caproic

Range 1 .86 -8 .6 t r  —1.8 0 -0 .2 2 0 -0 .2 9 0 -0 .4 2 0 -0 .3 2
Mean 4.65 0.32
S. D. 1.66 0.37

Range
Mean 0.28 0.27 0.12 0.58 0.04 0.16
S. D. 0.07 0.10 0.11 0.22 0.03 0.10

Range
Mean 0.25 0.28 0.10 0.94 0.22 0.44
S. D. 0.03 0.02 0.0 0.29 0.03 0.07

Range 2 .12 -14 .7 0 -1 .1 0 -1 .1 4 0 -1 .6 5 0 -2 .5 2 0 -1 .7 8 0 -1 .9 7 0 -4 .2 6
Mean 6.98 0.50 0.40 0.73 0.79 0.69 0.27 1.34
S. D. 3.71 0.31 0.28 0.40 0.62 0.48 0.51 0.72
V. C. 53.1 62.0 70.0 54.7 78.4 69.5 188.8 53.7

S. D. — standard  deviation
V. C. — variation coefficient in  per cent

ts  — trace
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mean level, amounting to 6.98 +  3.71 
jug/ml. The concentrations of other 
SFA were considerably lower, not 
exceeding the mean value of 1.0 
jUg/ml, except for n-caproic acid which 
amounted to 1.34 +  0.72 pg/ml. N- 
hutyric, iso-valeric and n-caproic acids 
were detected in the sera of 34 sub­
jects, iso-butyric acid in 33, propionic 
and n-valeric acids in 32, and iso- 
caproic acid in 18 sera. The concentra­
tion of all SFA studied showed con­
siderable individual fluctuations. A- 
cetic and n-caproic acids showed little 
variability (V. C. 53.1 and 53.7% re­
spectively), while iso-caproic acid was 
the most variable (V. C. =  188.8%).

D is c u s s i o n

Information is scarce and diverging 
concerning the normal concentration 
of individual SFA in human serum, 
due presumably to differences in 
techniques [1, 12, 15]. Tanaka et al. 
[15] studying patients with isova­
leric acidaemia compared the results 
with the serum SFA levels observed 
in 8 control subjects (4 children and 4 
adults). With the exception of iso­
valeric acid in adults, the concentra­
tions of individual SFA were lower 
than those found in our material. The 
normal values for SFA found by 
Perry et al. [12] in adults were also 
much lower. According to Kuntz et al. 
[7], acetic, propionic, iso-butyric and 
iso-valeric acids are always, whereas 
n-butyric, n-valeric and n-caproic 
acids are occasionally, detectable in 
normal human serum. Perry et al.
[12] showed that acetic acid was pres­
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ent in all sera yielding the largest 
peak on gas chromatograms. The same 
was noted in our children.

To our best knowledge no investiga­
tions have been carried out to evaluate 
the behaviour of iso-caproic acid in 
serum. In view of our results it may be 
a normal but very labile constituent. 
N-valeric acid, the compound used by 
Perry et al. [12] as an internal stand­
ard, is mostly present in normal serum 
[1, 7, 15], and we too have found it in 
33 of the 35 children. We have there­
fore employed n-heptanoic acid as an 
internal standard as this acid does not 
occur in biological fluids.

All the SFA values showed a wide 
scatter and high standard deviations 
and variation coefficients. The same 
was the case with individual middle 
and long-chain fatty acids and total 
FFA [4]. This would point to the 
lability of the serum SFA levels, owing 
to differences in dietary habits and to 
the different metabolic rates of fatty 
acid synthesis and breakdown. It is 
also possible that differences exist in 
the rate of fatty acid release from 
adipose tissue and of their disappear­
ance from the blood stream [4].

The normal values for monocar - 
boxylic SFA can be useful in further 
investigations of some pathological 
states connected with deviations of 
lipid metabolism as well as in studies of 
metabolic acidosis caused by the ac­
cumulation of SFA in biological 
fluids.
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