
S U M M A R Y  

1. The s t ruc tu re  of the main groups of phospholipids isola ted f rom the seed ke rne l s  of the th in-f ibered 
cotton plant of va r ie ty  S-6029 has been studied.  

2. The fa t ty -ac id  composi t ions  and the posit ion dis t r ibut ions of the fat ty acids  have been determined,  and 
f r o m  the r e su l t s  the poss ib le  mo lecu la r  composi t ions  of the phosphat idylehol ines ,  phosphat idyle thanolamines ,  
and phosphat idyl inosi tols  have been  calculated.  
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T H E  S E E D  O I L  O F  R i n d e r a  o b l o n g i f o l i a  
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a n d  A .  U .  U m a r o v  

UDC 547.915;665.34 

Among the acids  p r e s e n t  in the g lycer ides  of the seed oils  of the family  Boraginaceae ,  attention is being 
a t t rac ted  by the s imul taneous  p r e sence  of two i s o m e r i c  t r ienoic  acids ,  18:36, ~, 12 and 18 :3  s, 12,15, and one 
te~raenoic acid,  18:4% ~, 12, 15 [1-5]. F u r t h e r m o r e ,  common components  of Boraginaceae  o i l s  a r e  the 20 : 0, 
20: 1, 20 : 2, 22 :0 ,  22 : 1, and 24 : 1 acids [3-5], and in one of them the 18 : 1 ll i s o m e r  of oleic acid has  been 
found [3]. 

Some worke r s  have not found the C20 acid se r i e s  in the seed oils of a number  of spec ies  [6], and the re -  
fore  we decided to study those oi ls  in re la t ion  to the fa t ty-ac id  composit ion of which doubt has  a r i s en  [7]. The 
p r e s e n t  p a p e r  deals  with one of them - the seed oil of Rindera  oblongifolia. The Rindera  seeds  (round, ovate 
nuts with wings) we re  col lected on the southern s lopes  of  the Ugamskii  range in 1974. The weight of 1000 seeds  
was 2.7 g, thei r  s ize  0.1 × 0.4 × 0055 m m ,  and their  oil content calculated on the absolutely dry substance 
12.14%. 

The seeds  yielded a light yel low oil with density d~ ° 0.9124 g / c m  3, v i scos i ty  11.65" E, n~  1.4770, saponifi-  
cation No. 179.54 mg KOH/g,  Hehner  No. 95.88%, R e i c h e r t - M e i s s l  No. ]..37 mg KOH/g, Polenske  No. 9.81%, 
acid No. 4.96 mg KOH/g,  iodine No. 151.49%, thioeyanogen No. 91.23%, unsaponifiables content 1.88%, tocopher-  
. I s  0.3 mg-%, phosphat ides  0.39%. 

The mix ture  of fatty acids isola ted f rom the oil by saponification at r oom t empera tu r e  had a neutra l iza-  
tion No. of  203.28 mg KOH/g, a mean  molecu la r  weight of 275.97, an iodine No. of  159.59%, and a thiocyanogen 
No. of  95.05%, and they contained 8.43% of sa tu ra ted  acids with a neutral izat ion No. of 198.88 mg KOH/g and a 
mean molecu la r  weight of 282.08. 

The mix ture  of fat ty-acid methyl  e s t e r s  obtained by means  of diazomethane was analyzed by th in - layer  
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c h r o m a t o g r a p h y  (TLC) ,  p a p e r  c h r o m a t o g r a p h y  (PC),  and g a s - l i q u i d  c h r o m a t o g r a p h y  (GLC).  The TLC me thod  
showed  the p r e s e n c e  in the m i x t u r e  of f ive types  of  a c i d s  of which one was  s a t u r a t e d  and fou r  w e r e  u n s a t u r a t e d  
(monoenoic ,  d i eno ic ,  t r i e n o i c ,  and  t e t r a e n o t c ) .  

Of the seven  zones  on a p a p e r  e h r o m a t o g r a m  of the m i x t u r e  of a c i d s  r e v e a l e d  by the r e a g e n t s  fo r  the 
c a r b o x y  g roup ,  the s l o w e s t  showed no u n s a t u r a t i o n ,  which  enab l ed  i t  to be a s c r i b e d  u n a m b i g u o u s l y  to the 22 : 0 
a c i d  (behenic) .  The  s i x  fo l lowing  zones  showed the p o s s i b i l i t y  of  the p r e s e n c e  of 22 : 1, 20 : 1, 18 : 1, 18 : 2, 
18 : 3, and 1 8 : 4  a c i d s ,  s i n c e  they showed u n s a t u r a t i o n  and  m i g r a t e d  in  the s a m e  way as  m a r k e r s .  H o w e v e r ,  
the unambiguous  a s s i g n m e n t  of  t h e s e  zones  to the a c i d s  m e n t i o n e d  i s  i m p o s s i b l e .  S i m i l a r / g o n e s  can  a l so  be  
p r o d u c e d  by such  " c r i t i c a l  p a i r s "  of a c i d s  a s  24 : 2, 22 : 2, 20 : 2 ,20  : 3 , 2 0  : 4, e t c . ,  which/~annot  be d e t e c t e d  by 
GLC when t h e i r  c o n c e n t r a t i o n  i s  low b e c a u s e  of t h e i r  long r e t e n t i o n  t i m e s .  

The r e s u l t s  of a c o m p a r i s o n  of  the P C  and G LC of the me thy l  e s t e r s  of the  m i x t u r e  of  a c i d s  e n a b l e d  four  
types  of u n s a t u r a t e d  a c i d s  to be a s c r i b e d  unambiguous ly  to the t e t r a e n o i c ,  t r i e n o i c ,  d i eno ic ,  and monoeno ic  
a c i d s  of the Cll  , s e r i e s ,  and two t y p e s  o f  u n s a t u r a t e d  a c i d s  to the  2 0 : 1  and 2 2 : 1  monoeno ic  a c i d s .  

The p r e s e n c e  of  the  2 2 : 0  a c i d s  was  c o n f i r m e d  by the GLC of  a m i x t u r e  of the me thy l  e s t e r s  of  the s a t u r -  
a t ed  a c i d s  i s o l a t e d  by B e r t r a m ' s  me thod  s u p p l e m e n t i n g  the r e s u l t s  o b t a i n e d  above:  The 16 : 0, 18 : 0, and 20 : 0 
a c i d s  w e r e  d e t e c t e d ,  of which the f i r s t  two p r o d u c e d  ind iv idua l  p e a k s  whi le  the peak  of  the t h i rd  was  m a s k e d  
under  the 1 8 : 3  p e a k s  of  the GLC of  the to ta l  m i x t u r e  of a c i d s .  

The me thy l  e s t e r s  of  the c o m b i n e d  fa t ty  a c i d s  w e r e  s e p a r a t e d  by the CC/AgNO 3 me thod  [5] a c c o r d i n g  to 
t he i r  d e g r e e  of u n s a t u r a t i o n  into f ive  f r a c t i o n s .  In the s a t u r a t e d - a c i d  f r a c t i o n  a l l  the  fa t ty  a c i d s  d e t e c t e d  w e r e  
d e t e r m i n e d  q u a n t i t a t i v e l y  (GLC),  and so  w e r e  t r a c e s  of  t h r e e  i so  a c i d s  - 14 : 0, 15 : 0, and 17 : 0. In the m o n o -  
enoic  f r a c t i o n  by G L C ,  P C ,  and T L C / A g N O  3 we found the 18 : 1 , 2 0  : 1, and 22 : 1 a c i d s  in  a r a t i o  of 65.09; 9.83; 
25.09 mol .  %, r e s p e c t i v e l y .  

The o x i d a t i v e  d e g r a d a t i o n  of  the m o n o m e r s  by p e r i o d a t e - p e r m a n g a n a t e  m i x t u r e  fo l lowed by s a p o n i f i c a t i o n  
y i e l d e d  t h r e e  d i c a r b o x y l i c  a c i d s  - a z e l a l c ,  u n d e c a n e d i c a r b o x y l i c ,  and b r u s s y l i c  a c id  (63.16, 12o33, and 24.5 
mol .  ~ ,  r e s p e c t i v e l y ;  GLC of the me thy l  e s t e r s ) .  The  change  in  the r a t i o  in  f a v o r  o f  u n d e c a n e d i c a r b e x y l i c  a c i d  
as  c o m p a r e d  with  that  e x p e c t e d  f r o m  the GLC r e s u l t s  shows the p r e s e n c e  in the m i x t u r e  of about  2~c of a p o s i -  
tion i s o m e r  of  o l e i c  a c i d ,  the 18 : 111 i s o m e r .  

Thus ,  in the s eed  o i l s  s t ud i ed ,  of  the monoeno ic  a c i d s  the 18:111, 18 :19 ,  20:111,  and 22:11'~ compounds  
a r e  p r e s e n t .  The  g r a p h i c a l  d e p e n d e n c e  of the  l o g a r i t h m  of the r e t e n t i o n  t ime  on the n u m b e r  of c a r b o n  a t o m s  i s  
e x p r e s s e d  by a s t r a i g h t  l ine  fo r  the l a s t  t h r e e  a c i d s ,  which  shows the s i m i l a r i t y  of  the t e r m i n a l  c a r b o n  cha in  
in the s t r u c t u r e  of these  a c i d s ,  CH3(CH2)TCH ==, and c o n f i r m s  the r e s u l t s  o b t a i n e d .  

To s e p a r a t e  the m e t h y l  e s t e r s  of  the a c i d s  of  the monoeno ic  f r a c t i o n ,  co lumn c h r o m a t o g r a p h y  was  r e -  
pea ted  and n a r r o w e r  f r a c t i o n s  w e r e  c o l l e c t e d .  

Using  PC as  a c o n t r o l ,  t h r e e  f r a c t i o n s  of e s t e r s  w e r e  ob ta ined :  the f i r s t  con ta ined  the e s t e r  of the 22 : 1 
(max imum) ,  24 : 1, and  26 : 1 a c i d s ,  the s e c o n d  con t a ined  those  of the 22 : 1 and 20 : 1 (max imum)  a c i d s ,  and 
the th i rd  con ta ined  those  of the 2 0 : 1  and 18 : 1 (max imum)  a c i d s .  

The r e s u l t s  of  the ox ida t i ve  d e g r a d a t i o n  and the GLC of  the d i c a r b o x y l i c  a c id  p r o d u c t s  of each  f r a c t i o n  
c o n f i r m e d  the p o s i t i o n s  of the e t h y l e n i c  bonds  that  had  been  found in the m o n o e n o i e  a c i d s  and, add i t i ona l l y ,  
showed the p o s i t i o n s  of  the double  bonds  in  the t e t r a c o s e n o i c  ac id  (24 : 1 ls) and the h e x a c o s e n o i c  ac id  (26:117). 

The o x i d a t i v e  d e g r a d a t i o n  of  the d i eno i c  f r a c t i o n  showed the p r e s e n c e  o f  only one ac id  - 18 : 39' 12. Among  
the f r a g m e n t s  f r o m  the d e g r a d a t i o n  of the t r i e n o i c  f r a c t i o n  w e r e  found a z e l a i c  and ad ip i c  a c i d s ,  which con -  
f i r m e d  the GLC r e s u l t s  on the p r e s e n c e  o f  two i s o m e r i c  t r i e n o i c  a c i d s  - 18 : 36, 9, 12 and 18 : 3 ~' 12, 15 In the 
p r o d u c t s  of  the d e g r a d a t i o n  of  the t e t r a e n o i c  f r a c t i o n  we found only a d i p i c  ac id ,  f r o m  the d e c o m p o s i t i o n  of the  
18 : 4 e '  ~' 12, ls fa t ty  a c i d .  

The r e s u l t s  ob t a ined  enab l ed  the c o m p o s i t i o n  of  the fat ty  a c i d s  of the o i l  of R i n d e r a  o b l o n g i f o i r a  to be  
c a l c u l a t e d  on the b a s i s  o f  the r e s u l t s  o f  four  g a s - l i q u i d  c h r o m a t o g r a m s  of the  m e t h y l  e s t e r s  (the m i x t u r e  o f  
fa t ty  a c i d s ;  the to ta l  s a t u r a t e d  a c i d s ;  the to ta l  monoeno ic  a c i d s ;  and m i x t u r e s  of  the d i c a r b o x y l i c  p r o d u c t s  o f  
the ox ida t i ve  d e g r a d a t i o n  o f  the to ta l  m o n o e n o i c  ac ids )  (mol .  %): i s o - 1 4  : 0 - t r a c e s ;  i s o - 1 5  : 0 - t r a c e s ;  16 : 0 - 
6.41; i s o - 1 7 : 0 -  t r a c e s ;  1 8 : 0  - 1.47; 18 : 1 9 -  28.39; 18 : I n - 2; 18 :29 ,  12_ 23.97; 1 8 : 3  ~' 9, 12_ 2.58; 18 :39 ,  12, 15 

- 12.99; 18 : 4 s '  s, l~, IS _ 7.44; 20 : 0 - 0 . 6 2 ;  20 : 1 1 1 -  3.89; 22 : 0 - 0.32; 22 : 113 - 9.92; 24 : 1 ls - t r a c e s ;  and 26 : 117 

- t r a c e s .  
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The IR and UV spect ra  of the mixtures of methyl e s t e r s  showed no conjugated and t rans-e thylenic  bonds 
o r  hydroxy and epoxy groups.  The absence of hydroxy compounds among the fatty acids was also confirmed by 
the PC of the mixtures  of the acids.  

E X P E R I M E N T A L  

Oil was extracted f rom the freshly ground seeds by extraction with light petroleum ether  by steeping at 
room temperature .  The miscel la  obtained was rapidly f i l tered,  and the ether was distilled off under vacuum 
in a ro tary  evaporator .  The oil (2 g) was sapcnified with 20 ml of a methanolic solution of 1.74 g of caustic 
potash with vigorous shaking for 30 mino The methanol was distilled off immediately under vacuum at a water -  
bath t empera tu re  of 40°C, and the residue was highly diluted with water .  The unsaponifiables were extracted 
three times with petroleum ether .  The soaps were decomposed under a layer  of diethyl e ther  with 10% sulfuric 
acid added until the aqueous soap solution had a weak acid reaction.  The combined ethereal extracts  of the 
mixture of fatty acids was washed with distilled water ,  dried with sodium sulfate, and filtered, and the e ther  
was driven off completely under vacuum in a ro tary  evaporator .  All the operations lasted no longer  than 3 h, 
after  which the mixture of fatty acids o r  their methyl es te rs  was rapidly analyzed by the GLC, PC, and T L C /  
AgNO 3 methods. 

The methyl es te rs  of the fatty and dicarboxylic acids were obtained by react ion with diazomethane. 

The oxidative destruct ion of the individual fract ions of the unsaturated fatty acids was car r ied  out by 
Rudloff's method [8-11] with some modifications in the ratio of the oxidizing mixture and the weight of the 
sample.  

The separation of mixtures of homologs of methyl e s t e r s  of fatty mono- and dicarboxylic acids was ef-  
fected on a UKh-2 chromatograph with a thermal conductivity detector  at  203°C. The column (3 m × 4 ram) was 
filled with Chromaton N-AW-HMDS, impregnated with 15% of Reoplex-400. The p res su re  of helium at the out- 
let was 2.4 arm° 

The ratio of the methyl es te rs  was calculated in molar  percentages  [11], and they were identified f rom 
their relat ive retention times [12, 13]. For  this purpose we used the l inear  dependence of the logar i thms of 
this magnitude on the number of carbon atoms in the chains of es te rs  of fatty acids having the same chain 
length but different numbers  of ethylenic bonds or  the same number of ethylenic bonds and different chain 
lengths [12, 13, 16-18]. 

Paper  chromatography [14] in combination with technical analysis [17] was used to separate both the 
mixtures of free fatty acids and the mixtures of the methyl es te rs  of these acids. 

The thin- layer  chromatography of the methyl e s t e r s  of the fatty acids was performed on glass  plates 
(6 × 9 cm) with a layer  (270 urn) of KSK si l ica gel (150 mesh) fixed with 5~ of gypsum and containing 20% of 
AgNO 3 in the petroleum e t h e r - b e n z e n e  (6 :4  by volume) system. 

S U M M A R Y  

The oil of the seeds of Rindera oblongifolia, family Boraginaceae,  growing in Central Asia, has been 
studied for the f i rs t  time. Among the acids of the t r ig lycer ides  of the oil five types of monoenoic acid differ-  
ing by the length of the carbon chain but having the same length of the terminal carbon chain - 18 : 1 s, 20 : 111, 
22 : 113, 24 : 1 ls, and 26 : 117 - have been detected for the f i rs t  time. This is the f i rs t  time that the last of these 
acids has been found in a seed oil of this family.  
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THE USE OF THE ACETOLYSIS REACTION FOR THE 

INVESTIGATION OF NATURAL PHOSPHOLIPIDS 

A. N. Ushakov, M. Lo Tsirenina,  
V. A. Vaver, and L. D. Berge l ' son  

UDC 547.953:665.37 

The dephosphorylation of glycerophosphat ides  by heating with a mixture  of acetic acids and acet ic  anhy- 
dride leads to aceta tes  of the corresponding diglycerides [1-7]. The acetolysis  react ion has been used repea t -  
edly for  determining glycerol  in phospholipids [4, 5] and for studying their  molecular  composition on the basis 
of a s t ruc tura l  analysis of the diglycer ides  formed [3-5, 8, 9]. Nutter  and P r ive t t  [10] have questioned the 
suitability of this method for  determining molecular  types of phospholipids, since they found that acetolysis  
is accompanied by a redis t r ibut ion of the aeyl res idues .  At the same time, other  authors [3, 8] have not ob- 
served acyl migrat ion and have used acetolysis  to determine the molecular  types of the leeithins isolated f rom 
egg yolk. 

The exhaustive identification of the products  of the aeetolysis  of phospholipids has not hitherto been pe r -  
formed.  Such an a t tempt  is descr ibed  in the presen t  paper .  The resu l t s  obtained have shown that the acetolysis  
of glycerophosphatides isolated f rom various mammalian t issues followed by the methanolysis  of the acetolysis  
products is accompanied by the format ion of acylals  of fatty aldehydes and of some dihydrie alcohols, which 
complicates the in terpre ta t ion of ga s - l i qu id  chromatograms  (GLC) and dis tor ts  the resul ts  of the determinat ion 
of g lycerol .  

Since l i te ra ture  informat ion relat ing to the optimum tempera tu re  and time of acetolysis  is se l f -con t ra -  
dictory (see [3-5, 7]), we f i r s t  studied the quantitative side of this react ion.  The total  phospholipids isolated 
f rom various mammal ian  t i s sueswas  subjected to acetolysis  at 150°C [3] for 1-10 h. The acetolysis  products  
were evaporated,  the residue was distr ibuted in the c h l o r o f o r m - m e t h a n o l - w a t e r  ( 8 : 4 : 3 )  sys tem [3], and the 
completeness  of the reac t ion  was judged f rom the amount of phosphorus passing into the aqueous methanolic 
layer .  The resu l t s  of the dephosphoryla t ionofnatura lphosphol ip ids  with a mixture  of acet ic  acid and acetic 
anhydride [1 ml of a mixture  of acid and anhydride (2:3) to 25 mg of phospholipids] showed that the p rocess  is 
pract ical ly  complete af ter  5 h. 
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