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In  earlier in  v itro  and  in  vivo experim ents th e  incorporation o f 1-14C 
palm itic acid was stud ied  in tissues of carp (H e r o d e k , 1966; 1969a). Now 
tissue slices, p repared  from  carp liver were incubated  w ith  1-14C stearic and  
1-14C linolenic acids to  investigate th e ir incorporation in to  d ifferent lipids, and  
th e  effect of tem peratu re  on th is process.

In  ra ts  a  considerable am ount of fa tty  acids is incorporated  in to  digly­
cerides of long tu rnover tim e. (H e r o d e k , 1967; 1968; 1972). To see, w hether 
such diglycerides are form ed also in  fish, a p a r t  of th e  liver slices incubated  
w ith  labeled stearic acid was re incubated  in inactive medium.

Materials and methods

Carps (Cyprinus carpio L.) weighing 1.5—-2.0 kg, n e tted  from  Lake 
B alaton  on th e  day  of th e  experim ent (18th Novem ber, 1971) were used. 
One gram  o f liver slices, p repared  b y  rasor b lade was incubated  in 20 ml 
m edium . This m edium  consisted of a  K re b s—R inger phosphate buffer, w ith  
a  view to  th e  lower osm otic pressure of th e  fish  blood containing instead  of 
0.9 only 0.7 percent NaCl. To th is  solution 5 percen t bovine serum  album ine 
was added. P a r t  of th e  solution was used in th is  form  henceforth referred to  
as inactive m edium . The o ther p a r t was divided in to  tw o portions, and  labeled 
stearic or linolenic acid was added  to  them . The concentration o f fa tty  acids 
was 2 pmole/ml in bo th  solutions.

The specific ac tiv ity  o f th e  1-14C stearic acid (REANAL, B udapest) 
was 1, 379 mCi/mmole. The original specific ac tiv ity  o f 1-14C linolenic acid 
(U W V R , Prague) was 450.0 mCi/mmole. This was d ilu ted  by  inactive linolenic 
acid (Applied Science Laboratories) to  ob tain  th e  needed am ount o f fa tty  
acids. This w ay th e  end concentration o f linolenic acid was 0.6 mCi/mmole. 
The fa tty  acids were saponified w ith  a small excess o f N aO H , and  added  to  
th e  p reheated  inactive medium. The solution was vigorously shaken and  
filtered.

L iver slices of the  firs t four fish were divided into th ree groups. The first 
was incubated  w ith  labeled stearic acid for 30 m in a t  28° C. The second was 
incubated  w ith  labeled stearic acid for 30 min a t  8° C. The th ird  was incubated
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w ith  labeled stearic acid for 30 m in a t  28° C, th en  th e  slices were rinsed in 
inactive m edium  and  re incubated  in pure inactive m edium  a t  28° C for tw o 
hours. L iver slices o f th e  o ther four fish were incubated  w ith  labeled linolenic 
acid for 30 m in a t  28° C an d  8° C respectively. D uring incubation th e  sam ples 
were gently  shaken.

A fter incubation th e  slices were quickly rinsed in pure inactive m edium  
th en  in  K re b s—R inger solution, weighed and  homogenized in chloroform- 
m ethanol 2 : 1 .

Lipids were ex trac ted  according to  FoLC H etal. (1957). The ex trac t was 
evaporated  in R o tad esz t (KU TESZ, B udapest) ap p a ra tu s  under C 0 2 a tm o ­
sphere. L ipid classes were separated  by  th in  layer chrom atography, an d  e lu ted  
from  th e  silica gel as described earlier (H e r o d e k , 1968). Lipids were dissolved 
in  10 m l toluene containing 4 percent P P O  an d  0.1 percent PO PO P. The 
rad ioac tiv ity  was m easured b y  USB-2 liquid scin tilla tion  detec to r (Biuro 
U rzadzen Technici Jadrovej).

Results and discussion

Labeled stearic  and  linolenic acids exhibited  ra th e r sim ilar d istribu tion  
in  th e  lipid classes (Table I ) .  The only significant difference was found in  the  
cholesterol esters, where th e  stearic acid  incorporation was ra th e r low. Tem ­
p era tu re  had  no dem onstrable effect on th e  d istribu tion  of fa tty  acids in lipid 
classes. On th e  contrary , th e  absolute am oun t o f incorporated  fa tty  acids 
depends on th e  ty p e  o f th e  acid and  on th e  tem peratu re . L iver slices incorporated  
significantly  (P  <  0.5) more linolenic th an  stearic acid  a t  b o th  tem peratures, 
an d  from  b o th  acids significantly  (P  <T 0.05) more was incorporated  a t  28° C 
th a n  a t  8° C.

The effect of tem p era tu re  on th e  fa tty  acid com position was dem onstrated  
in  m icroorganisms ( P e a r s o n  and  R a p e r , 1937; G a u g h r a n , 1947; Ch r is t o -

TA BLE I

The amount of 1-UG stearic acid and 1-UC linolenic acid in  the lipid classes 
of liver slices after 30 m in  incubation at 28° C and at 8° C. (10 ~9 molejg liver)

Labelled fatty  acid Stearic Stearic Stearic Linolenic Linolenic

Temperature °0 28 8 28 28 8

reincubated in
Note inactive medium 

for two hours

Number of animals 4 4 3 4 4

Cholesterol esters 0 .7± 0 .2 0 .8± 0 .5 1.7±0 .6 10.7±0.8 5.4±3 .8
Triglycerides 33.4±7.1 18.1±9.4 27.4±7.2 45.7±4.7 27.3±3.0
Diglycerides 22.6±3.1 17.4±5.7 10.5±0.9 35.2±3.5 37.5±4.9
Phospholipids 
T otal esterified fa tty

26 .2± 5 .4 14.9±4.9 47.7±16.1 21.4±1.6 16.1±1.5

acids 82.9±13.2 51 .2±6.4 87.3±21.6 113.0±8.6 86.3±9.3
Free fa tty  acids 145.0±28.4 153.7±20.5 14.0±0.8 126.2±14.6 133.8±14.6
Total fa tty  acids 227.9±34.3 204.9±26.5 101.3±21.8 239.2±21.0 220.1±6.1

Mean standard error of the mean.
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p h e r s e n  and  K a u f m a n n , 1955) p lan ts  ( Iv a n o v , 1922), v e rteb ra te  an d  in ­
v erteb ra te  anim als (H e n r iq u e s  and  H a n s e n , 1901; F a w c e t t  and  L y m a n , 
1954; T h i e l e , 1960). Among w ater organism s p lanktonic crustaceans, th e  m ost 
im p o rtan t n a tu ra l food o f fishes exhib ited  a  ra th e r expressed response on the  
effect of tem p era tu re  (F a r k a s  an d  H e r o d e k , 1964; H e r o d e k , 1969 b). 
In  these anim als th e  am ount of p o lyunsa tu ra ted  acids, prim arily  th a t  of th e  
m ost u n sa tu ra ted  docosahexaenoic acid  increased b y  decreasing and  decreased 
b y  increasing tem p era tu re  ensuring th is  w ay th e  stead ily  op tim al physical 
s ta te  of th e  depo t fa t th roughou t th e  whole year. Of th e  fishes Lebistes reticu- 
latus, Salmo gairdneri, Gambusia affinis  an d  Garassius auratus when k ep t in  
colder aquarium  contained more u n sa tu ra ted  fa t, th an  under w arm er condi­
tions (K a y a m a  e t al., 1963; K n ip p r a t h  and  M e a d , 1966 a; 1966 b ; 1968). 
I t  was also dem onstrated  th a t  in  Garassius auratus th e  ra te  of biosynthesis 
of u n sa tu ra ted  fa tty  acids re la ted  to  th a t  of sa tu ra te d  acids increased a t  lower 
tem p era tu re  (K n ip p r a t h  and  M e a d , 1968). I t  is possible, th a t  th e  tem peratu re  
exerts its effect m ainly in  th is  w ay on th e  fa tty  acid  composition.

However, there  was an  add itional possibility if  th e  tem p era tu re  influenced 
to  d ifferent degrees th e  ra te  of incorporation of sa tu ra te d  an d  u n sa tu ra ted  
acids. W ere th e  incorporation of stearic acid in to  th e  lipids m ore re ta rd ed  a t  
low tem peratu re, th an  th a t  of linolenic acid, i t  w ould lead to  th e  accum ulation 
o f linolenic acid and  its  derivates, as th e  docosahexaenoic acid  in  th e  anim als. 
B y dividing th e  q u an tity  of fa tty  acids esterified a t  28° C by  th a t  esterified 
a t  8° C in  liver slices of th e  same fish, th e  m ean value of th e  four fish and its 
s tan d ard  error were 1.66 ±  0.21 in th e  case o f stearic and  1.35 ±  0.15 in  th e  
case o f linolenic acids. According to  th e  m eans, lower tem peratu re  decreased 
more th e  incorporation of th e  sa tu ra ted  th an  th a t  o f th e  u n sa tu ra te d  acid, 
however owing to  th e  high stan d ard  errors o f th e  m eans more parallels were 
necessary to  decide w hether th e  fa tty  acid p a tte rn  is in  fact influenced b y  th e  
tem peratu re  in th is way.

D uring th e  tw o-hour reincubation  in  inactive m edium  of tissue slices 
previously incubated  w ith  labeled stearic acid th e  rad ioac tiv ity  of diglycerides 
fell only to  its  half. Diglycerides are generally regarded as in term ediates in 
triglyceride synthesis. T hey are form ed from  phosphatid ic acid and  com pleted 
by  a th ird  fa tty  acid to  triglyceride. I t  was, however, found in  ra t  tissues, th a t  
if  th ey  were incubated  w ith  labeled palm itic acid, th en  re incubated  in  inactive 
m edium , during th is  second incubation  th e  rad ioac tiv ity  o f diglycerides fell 
only a fte r one—tw o hours to  its  h a lf value (H e r o d e k , 1967; 1968). Diglycerides 
o f such long life are form ed from  endogenous fa tty  acids too, synthesized in tra - 
cellularly from  14C -acetate or 14C glucose (H e r o d e k , 1972). Triglycerides m ust 
be synthesized th rough  diglycerides of m uch sho rter tu rnover tim e, it  can 
therefore be supposed th a t  tw o pools o f diglycerides exist, in one th e  molecules 
are  im m ediately transform ed to  triglycerides, in  th e  o ther th ey  persist for a 
longer period. The possible role of th is  second pool of diglycerides was d is­
cussed elsewhere (H e r o d e k , 1972). T h a t th ey  are to  be found in carps sim ilarly 
as in ra ts  suggests th e  quite general n a tu re  o f th is  phenom enon.

More th a n  h a lf of th e  rad ioac tiv ity  tak en  u p  b y  tissue slices was de­
tec ted  in  th e  free fa tty  acids. W hile th e  am ount of esterified fa tty  acids d e­
pended on th e  ty p e  of th e  acid and  on th e  tem peratu re, liver slices bound 
practically  th e  sam e am ount of free fa tty  acids from  b o th  stearic and  linolenic 
acids a t  b o th  tem peratures.
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In  r a t  liver slices, incubated  w ith  labeled palm itic acid  th e  am ount 
o f free fa tty  acids increased rap id ly  in  th e  firs t 10 m in, b u t changed little  
th e reafte r (Va v r e c k a  e t al., 1966). Com paring th e  results o f th e  presen t ex ­
perim ent, where incubation  lasted  for 30 m in w ith  results of an  earlier experi­
m en t (H e r o d e k , 1966), where liver slices o f carp were incubated  for 10 m in 
w ith  labeled palm itic acid, i t  can be seen th a t  th e  rad ioac tiv ity  of esterified 
lipids is ab o u t 3 tim es higher a f te r  30 m in incubation  th a n  a f te r  10 m in in ­
cubation  th e  rad ioac tiv ity  o f free fa tty  acids on th e  o ther hand  increased b u t 
very  little . A bout th e  sam e q u an tity  of free fa tty  acids was bound  by  one gram  
ra t  an d  one gram  carp liver. The exact binding site is no t known. F ree fa tty  
acids were n o t rem oved b y  rap id  rinsing, b u t during th e  tw o hour reincubation  
in  inactive m edium  th e ir rad io ac tiv ity  fell to  a  ra th e r low level w ithou t a 
corresponding increase in  th e  rad ioac tiv ity  o f esterified lipids. I t  is therefore 
probable th a t  th e  bu lk  of free fa tty  acids was released in to  th e  m edium . This 
indicates ra th e r ex tracellu lar th an  in tracellu lar binding.

S u m m a ry

L iver slices o f carps were incubated  a t  28° C and  8° C w ith  1-14C stearic 
an d  1-14C linolenic acids for 30 min. F rom  stearic acid a t  28° C 82.9 ^  13.2, 
a t  8° C 51.2 ±  6.4, from  linolenic acid a t  28° C 113.0 ±  8.6 a t  8° C 86.3 ±  9.3 
nannom ole fa tty  acid was esterified by  one gram  liver. T em perature had  no 
detectab le effect on th e  d istribu tion  o f fa tty  acids in  th e  lipid classes.

R ad ioac tiv ity  of diglycerides in liver slices firs t incubated  w ith  labeled 
stearic  acid decreased to  its  h a lf only a f te r  a tw o-hour re incubation in  inactive 
m edium . This indicates some o ther role o f diglycerides in addition  to  th e  p a r ti­
cipation in  th e  rap id  process of triglyceride synthesis.

The am oun t of free fa tty  acids bound  b y  liver slices was independent 
o f th e  ty p e  of fa tty  acid given an d  o f th e  tem peratu re , b u t decreased to  a  very  
low level during re incubation in  inactive medium.
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AZ 1-14C SZ T E A R IN SA V  E S  1-14C L IN  О L É N  SAV B E É P Ü L É S E  A PO N T Y  
(C Y P R IN Ü S  G A BP IO  L .) M Á JÁ N A K  L I P ID J E IB E

Herodek Sándor 

Ö ssze fo g la lá s

A  p o n ty o k  m á jáb ó l k é sz íte tt  m e tsz e te k e t 1-14C sz te a rin sa v v a l, ille tve  1-14C lino 
lén sav v a l in k u b á ltu k  8 és 28 °C-on 30 percig . E g y  g ram m  m áj sz tearin sav b ó l 28 °C-on 
82,9 +  13,2; 8 °C-on 51,2 +  6,4; lino lénsavbó l 28 °C-on 113,0 +  8,6; 8 °C-on 86,3 +  9,3 
m /im ol-t ész te reze tt. A  hőm érsék le t n em  b efo lyáso lta  a  zsírsav ak  egyes lip id  csoportok  
k ö z ö tti m egoszlásának  a rá n y á t.

H a  az 1-14C sz tea rin sav v a l in k u b á lt m á jsze le tek e t in a k tív  közegben  to v á b b  in ­
k u b á ltu k , a  dig liceridek ra d io a k tiv itá sa  k é t  ó ra  m ú lv a  csökken t csak  a  felére, am i a z t 
m u ta tja ,  hogy  en n ek  a  v eg y ü le tn ek  m ás  szerepe is v an , m in t a  gyors trig lice rid  sz in tézis­
ben  való  részvétel.

A  m ájsze le tek  á lta l m e g k ö tö tt szab ad  zsírsav ak  m ennyisége n em  fü g g ö tt sem  a  
zsírsav  fa jtá já tó l , sem  a  h ő m érsék le ttő l, de n ag y o n  csökken t az in a k tív  közegben  való  
re in k u b á lás  során .
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