
chromatography .  The following solvent  s y s t e m s  were  used for  chromatography:  1) c h l o r o f o r m - m e t h a n o l -  
w a t e r  (65 : 35 : 5), and 2) c h l o r o f o r m - m e t h a n o l - 2 5 %  ammon ia  (65 : 35 : 5). The fatty acids of the oil and of the 
phospholipids  were  isolated by alkal ine saponif icat ion (5% KOH in methanol ,  r oom t e m p e r a t u r e .  15-18 h). The 
mix tu r e s  of fat ty acid methyl  e s t e r s  we re  separa ted  on a UKh-2 ch roma tog raph  using a 2500 × 4 m m  column 
containing 18% of polyethyleneglycol  succinate  on Celi te-545 (60-80 mesh) at 197°C with hel ium as the c a r r i e r  
gas .  The  p r e s s u r e  of hel ium at the outlet  was 2.5 a tm.  The IR s p e c t r u m  was r eco rded  on a UR-20 ins t rument  
with the subs tances  in the fo rm of f i lms .  The phosphorus  was de te rmined  quanti tat ively by a known method.  
The  acid, alkaline,  and enzymat ic  hydro lyses  of the P L s  were  p e r f o r m e d  by p r o c e d u r e s  desc r ibed  p rev ious ly  
[2]. The N - a c y l - P E s  and N - a c y l l y s o - P E s  were  a lso  analyzed as desc r ibed  prev ious ly  [3]. 

S U M M A R Y  

The phospholipid complex of seeds  of the plant  C r a m b e  amab i l i s  has been  studied fo r  the f i r s t  t ime .  F r o m  
the combined phosphol ipids  f reed  f r o m  ca rbohydra t e s  th ree  main components  (phosphatidylcholine,  phosphat idyl -  
e thanolamine,  and phosphatidylinositol)  and four  mino r  components  ( lysophosphatidylcholine,  N-acy lphospha t i -  
dyle thanolamine,  phosphat idylser ine ,  and N-acyl lysophosphat idyle thanolamine)  have been isolated and c h a r a c -  
t e r i zed .  

The posi t ion d is t r ibut ions  of the fat ty ac ids  in the phosphatidylcholine,  phosphat idyle thanolamine,  phos -  
phat idyl inosi tol ,  and phospha t idy lse r ine  molecu les  have been de te rmined  by enzymat ic  hydro lys i s  with phospho-  
l ipase  A2o On the b a s i s  of these  resu l t s ,  t he i r  poss ib le  m o l e c u l a r  composi t ions  have been  calcula ted.  The c o m -  
pos i t ions  of the fat ty acids  e s te r i f i ed  in the g lycer ide  moie ty  and acylat ing the n i t rogen a tom in the N - a c y l p h o s -  
phat idyle thanolamine molecule  have been es tabl i shed.  
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A M O U N T S  O F  P H O S P H O L I P I D S  A N D  

T H E  S E E D S  O F  V A R I O U S  P L A N T S  

K h .  S.  M u k h a m e d o v a  a n d  S. T .  

P H Y T I N  I N  

A k r a m o v  UDC 547.953:665.37 

Over  a n u m b e r  of y e a r s ,  we have sys t ema t i ca l ly  studied the phospholipid complexes  of the seeds  of a 
n u m b e r  of plants  of the family  Malvaceae:  va r ious  types  of cotton plant [1-5] and kenaf  [6]. 

In o r d e r  to d e t e r m i n e  the m a t e r i a l s  of the g r ea t e s t  in te res t  in the theore t i ca l  or  p rac t i ca l  r e spec t ,  we 
have  begun to study the seeds  of plants  belonging to di f ferent  f ami l i e s  fo r  t he i r  phospholipid and phytin contents.  

The phospholipids  we re  ex t rac ted  by c h l o r o f o r m - m e t h a n o l  (2 : 1) f r o m  the comminuted  and a c e t o n e - d e -  
fat ted seeds.  F o r  the p r e l i m i n a r y  pur i f ica t ion of the combined phospholipids f r o m  accompanying  subs tances  
(oil, p igments ,  c a rbohydra t e s ,  s te r iods ,  etc.) ,  the dry ex t r ac t  was  t r ea t ed  with acetone.  The ace tone- insoluble  
res idue  was dissolved in c h l o r o f o r m - m e t h a n o l - w a t e r  (90: 10: I) ,  and fo r  final pur i f ica t ion f r o m  ca rbohyd ra t e s  
th is  mix tu re  was  pa s sed  through a column with p reswol len  Molselekt  G-25. A s compa red  with the combined 
phospholipids  f rom o ther  sou rces ,  the combined phospholipids f rom the seeds  of Onopordo n acanthium L. and 
Rhapont icum in tegr i fo l ium (family Compositae)  p o s s e s s  some  unusual  p r o p e r t i e s :  they do not p rec ip i t a t e  f r o m  
a concent ra ted  c h l o r o f o r m  solution on the addition of acetone,  and when a dry res idue  is t r ea t ed  with acetone a 
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c o n s i d e r a b l e  p r o p o r t i o n  of the phosphol ip ids  p a s s  into solut ion,  which  c o m p l i c a t e s  the pu r i f i c a t i on  of the c o m -  
b i n e d  m a t e r i a l .  Consequen t ly ,  in  such  c a s e s  the  a m o u n t  of combined  phosphol ip ids  was  d e t e r m i n e d  in the a c e -  
tone  solut ion,  as  wel l .  

F o r  the  qua l i t a t ive  c h a r a c t e r i z a t i o n  of the combined  phosphol ip ids  f r e e d  f r o m  c a r b o h y d r a t e s ,  f o r  o n e - d i -  
m e n s i o n a l  c h r o m a t o g r a p h y  we used  s y s t e m  1 and for  t w o - d i m e n s i o n a l  c h r o m a t o g r a p h y  s y s t e m s  1 (d i r ec t i on  1) 
and 2 {d i rec t ion  2). The  spots  w e r e  ident i f ied  on the  c h r o m a t o g r a m s  with the aid of ~ m a r k e r s  n and by q u a l i t a -  
t ive  c o l o r  r e a c t i o n s  for  def in i te  func t iona l  g roups  [7]. A f t e r  the i so la t ion  of the phosphol ip ids ,  the amoun t  of 
phy t in  in the d r i ed  m e a l  was  d e t e r m i n e d  by e x t r a c t i o n  wi th  1% n i t r i c  acid.  In view of the high a m o u n t s  of p o l y -  
s a c c h a r i d e s  and m u c i l a g i n o u s  s u b s t a n c e s  in the seeds  of some  p l an t s  (Al l ium,  Po ten t i l l a ) ,  the  ac id  ex t r ac t  f i l -  
t e r e d  with di f f icul ty .  In  such c a s e s ,  20% [8] ( s o m e t i m e s  even  more)  of e thano l  was  added to the acid. When  t h i s  
exped ien t  was  used ,  the a m o u n t  of a c c o m p a n y i n g  s u b s t a n c e s  a l so  i n c r e a s e d  th rough  the i n c l u s i o n  of e t h a n o l -  
so lub le  i m p u r i t i e s .  

As a r e s u l t  of the fac t  tha t  when  the ac id  so lu t ion  was  made  a lka l ine  (pH 7.5-8.0) ,  the  p r e c i p i t a t e d  phyt in  
was  a c c o m p a n i e d  by o the r  s u b s t a n c e s  capab le  of be i ng  p r e c i p i t a t e d  u n d e r  t h e s e  cond i t ions ,  the  p u r i t i e s  of the  
s a m p l e s  of phyt in  obta ined  f r o m  d i f f e r en t  s eeds  w e r e  d i f fe ren t .  It  m u s t  be o b s e r v e d  that ,  to improve  the f i l t r a -  
t ion  of the phyt in  ex t r ac t ,  i n s t e ad  of e thano l  it is  p o s s i b l e  to u se  m e t h a n o l  of v a r i o u s  c o n c e n t r a t i o n s ,  ace tone ,  
and o the r  w a t e r - m i s c i b l e  so lven t s .  

The  y ie ld  of t e c h n i c a l  phy t in  was  d e t e r m i n e d  on the weight  of the  meaL  The  r e s u l t s  of d e t e r m i n a t i o n s  of 
the  to ta l  phosphol ip ids  and of the a m o u n t s  of phyt in in the seeds  of 22 p l a n t s  a r e  g iven  below: 

Plant Total PI.,s, Number Yield of 
% of com- phytin, 

ponents % 

Oramineae 
Loliam cuneatum Nevski 0.3 8 1.6 
Oryza sativa L. 0,7 7 1.3 

Compositae 
On~pordon acanthium L. 0,8 6 3 6 
Onopordon olgae Bge. et Schmal. 0,2 7 1,0 
Rhaponticum integrlfollum C. W l n k 1. 1,9 6 1.0 
Matt icar ia chamom illa L. 1.1 7 0,4 
Calendula officiaalis L. 1,0 5 :2,6 

Zygophyllaceae 
Peganum harmala L. 0,2 6 3,1 
Nitraria komarovii l l i l n  et Lava 0,3 7 0.8 
Nltraria schoberl L. 0,7 6 1,3 

R o s a c e a e  

Rosa canma L. 0,2 7 2.5 
Potentilla asiatica Juz .  0,4 7 2,3 

Umbel l i t erae  

Ferula ]aeschkeana V a t k e  1,5 6 2.3 
Ferula kellert K.-P o 1. 0,5 7 4,3 
Ferula karalav~usls (Rgl. et S c h : na l h )  
Korov. 0,8 7 1,2 

Papaveraceae 
Glaucium fLlbrilti.~erum Bois~ 0.6 7 8,0 
Rcemerla refracta DC. 0,5 8 4,3 

Beraginac~ae 
Trlchodesma i:~canum (Bg e.) DE. 0,I 6 1,2 
Heliotropium lasDcarpum F. et M. o.~ 5 2,0 
Lladclofla t~chimgan[ca (Lipsk y) V,. Pop. 
ex Pazi j .  1.:' 5 1.6 
Liadeiofia macro~,ty!a (B g e.) :..I, P o 1~. 0,3 7 1,4 

L!l!aceae 
Al~iu::~ ::::cJ'::znlcm'_: R g 1. !. I 8 3.4 

The a m o u n t s  of combined  phosphol ip ids  and phyt in  v a r y  f a i r l y  widely  for  the  s e e ds  of p l an t s  even  of a 
g iven  fami ly .  The seeds  r i c h e s t  i nphospho l i p id s  (more  than  1%) a r e  those  of p l a n t s  of the f a m i l i e s  Compos i t ae ,  
U m b e l l i f e r a e ,  L i l i a ceae ,  and B o r a g i n a c e a e .  It  was  e s t a b l i s h e d  by qua l i t a t ive  r e a c t i o n s  in a l l  s a m p l e s  the  m a i n  
componen t  of the  combined  phosphol ip ids  w e r e  phospha t idy lcho l ines ,  phospha t idy l inos i to l s ,  and phospha t idy l -  
e t h a n o l a m i n e s .  The seeds  of the f a m i l i e s  Lo l ium,  R o e m e r i a ,  A l l i um,  and o t h e r s  a t t r a c t  a t t en t ion  b e c a u s e  of the 
d i v e r s i t y  of the qua l i t a t ive  c o m p o s i t i o n  of the combined  phosphol ip ids .  
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The seeds  of some plants  of the f ami l i e s  P a p a v e r a c e a e ,  L i l iaceae ,  and Umbe l l i f e rae  p roved  of in te res t  in 
re la t ion  to t he i r  phytin content.  The seeds  of Glaucium, the amount of phytin in which amounts  to 8%, d e s e r v e  
p a r t i c u l a r  attention. 

A phytin (substance  C) content in the l eaves  of Anthyll is  m a c r o c e p h a l a  of 6.7% has  been  r epor t ed  [9]. 
Such a high phytin content is uncha rac t e r i s t i c  fo r  leaves .  F u r t h e r m o r e ,  the method of isolating the phytin with 
w a t e r  followed by prec ip i ta t ion  ethanol cannot be  cons idered  acceptable ,  s ince in a t e s t  of the method in the i so -  
lat ion of phytin f r o m  r i ce  f lour  we obtained a 0.2% yield instead of 6%. 

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

The solvents  w e r e  pur i f ied  by s tandard  methods .  F o r  t h i n - l a y e r  ch roma tog raphy  we used type KSK s i l ica  
gel  and the following solvent  s y s t e m s  1) c h l o r o f o r m - m e t h a n o l - 2 5 %  ammon ia  (65 : 35 : 5) and 2) c h l o r o f o r m -  
m e t h a n o l - w a t e r  (65 : 35 : 5). The seeds  were  defatted and the to ta l  phospholipids were  ex t rac ted  f r o m  them at 
room t e m p e r a t u r e .  The combined phospholipids we re  f reed  f r o m  ca rbohydra t e s  by gel f i l t ra t ion  on Molselekt  
as desc r ibed  p rev ious ly  [3]. 

The combined phospholipids  f reed  f r o m  ca rbohydra t e s  we re  calcula ted a s  pe rcen tages  of the weights of 
• the a i r - d r i e d  seeds .  

S U M M A R Y  

T h e  amounts  of combined phospholipids  and phytin in the seeds  of 22 plants  belonging to va r ious  f ami l i e s  
have been  de te rmined .  I t  has  been  es tab l i shed  that  the main  components  of the combined phospholipids  of the 
seeds  of the plants  studied a r e  phosphat idylchol ines ,  phosphat idyl inosi tols ,  and phosphat idyle thanolamines .  
Some unusual  p r o p e r t i e s  of the combined phospholipids of the seeds  of some plants  of the family  Composi tae ,  
and m a t e r i a l s  in teres t ing  in re la t ion  to the i r  phospholipid and phytin contents have been found. 
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