
The rate  of elution was such as to give a 15-ml fract ion every  hour, and the fract ions were analyzed by 
the pheno l - su l fu r i c  acid method and by their absorption at 280 nm. The resul ts  are  given in Fig. 3. 

Chromatography on Cation-Exchange Resin. The total carbohydra te-pro te in  fract ion (160 mg) was de- 
posited on a column (40 x 1.5 cm). Elution was per formed with phosphate buffer, pH 6, and then with phosphate 
buffer, pH 6, in 1 M NaC1 solution. The fract ions were analyzed as descr ibed above. The resul ts  are  given in 
Fig. 4. 

The determinat ion of the hemagglutinating activity of the initial ca rbohydra te -pro te in  compounds of maize 
s t igmata and of the f rac t ions  isolated by chromatography on various adsorbents  were determined in a dilution 
ser ies  by the method of Dubois et a l .  [3]. 

S U M M A R Y  

It has been shown that the phytohemagglutinins of maize s t igmata  consis t  of carbohydra te -pro te in  com- 
pounds and that the carbohydrate  and protein components have a fa i r ly  s trong bond. The nature of this bond re-  
mains unknown. 

The phytohemagglutins isolated possess  a well-defined agglutinating and mitotic activity. 
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A N E W  P R E P A R A T I V E  M E T H O D  F O R  I S O L A T I N G  

C E R E B R O S I D E S  A N D  S P H I N O G O S I N E  B A S E S  

F R O M  C A T T L E  B R A I N  

T.  N.  S i m o n o v a  a n d  V. A.  V a v e r  UDC 547.952 

The major i ty  of prepara t ive  methods for isolating the cerebros ides  of the brain descr ibed hitherto are  
based on the poor solubility of these compounds in ether  and cold ethanol and their  good solubility in hot ethanol 
[1, 2]. For  the final purification of the cerebros ides ,  crysta l l izat ion f rom glacial acetic acid has been recom-  
mended [3]. The isolation of ce rebros ide  fract ions has also been performed by the chromatography of the 
total lipids on si l ica gel or  on alumina [4-6]. Another method for the preparat ive  isolation of the cerebros ides  
of the brain [7, 8] is based on the elimination of the bulk of the phospholipids by precipitat ion with acetone and 
fi l trat ion through a column packed with Florisil.  The acidic and basic phospholipids remaining in the ex t rae twere  
removed by ion-exchange chromatography on a column containing a mixture of cation- and anion-exchange r e s -  
ins. The final stage of purification of the ce rebros ides  was crysta l l izat ion f rom a mixture of ch loroform and 
methanol [7, 8]. Finally, the ehromatographyof  the total lipids of the brain on DEAE-cel lu lose  and on magnesi-  
um silicate has been recommended for the isolation of the cerebros ides  [9, 10]. The best  of the preparat ive  
methods descr ibed in the l i tera ture  is that of Wells and Dit tmer [11], which successful ly  combines the pre-  
l iminary  purification of the total sphingotipids by extract ion with cold ether,  the cleavage of the phospholipids 
by mild alkaline hydrolysis  [12], and column chromatography on si l ica gel, leading to the isolation of the three 
main types of brain sphinogolipids: eerebros ides ,  sulfatides, and sphingomyelin. 
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Scheme 1 
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The isolat ion of the unsaponified sphingosine bases  f rom the products  of acid hydro lys i s  of bra in  c e r e b r o -  
s ides has been desc r ibed  by var ious  authors [13-15]. In view of the fact  that the f ract ionat ion of the sulfates  of 
the sphingosine bases  by the i r  prec ip i ta t ion  with methanol did not lead to individual substances ,  C a r t e r  et  al. 
[16] isolated Cts-sphingosine and Cts-dihydrosphingosine f rom bra in  ce r eb ros ide s  in the fo rm of the c o r r e -  
sponding t r i ace t a t e s .  The use  of column chromatography  to isola te  sphingosine bases  has been desc r ibed  by 
Kar l s son  [17]. Unfortunately,  this method cannot be r ecommended  for  p repa ra t ive  work,  since more  than 50% 
of the sphingosines deposited on the s i l ica  gel cannot be eluted f r o m  the column. 

It  can be seen f r o m  the b r i e f  review given that the p repa ra t ive  methods for  isolat ing ce r eb ros ide s  and 
sphingosine bases  a r e  in need of fu r the r  improvement .  The main defect  of the methods of isolat ing c e r e b r o -  
s ides  descr ibed  in the l i t e ra tu re  is that they include complex p rocedures  for f reeing them f rom phospholipids 
or  s tepwise  ex t rac t ion  with solvents ,  which does not lead to the comple te  separa t ion  of the lipids and is con- 
nected with the r i s k  of contaminat ing the f rac t ions  isola ted with products  of the oxidation of unsaturated fat ty  
acids .  

In o rde r  to c r ea t e  a s imple  method for  isolat ing ce r eb ros ide s  f r o m  cat t le  brain ,  we have  proposed to iso-  
late these  compounds without the use  of column chromatography  and prolonged stepwise ex t rac t ion  with solvents  
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in the way shown in Scheme 1. The to ta l  b r a in  l ip ids  were  subjec ted  to mild  a lka l ine  decyla t ion  and the r e a c -  
t ion produc ts  were  d i s t r i bu t ed  between ch lo ro fo rm and aqueous methanol .  The aqueous methanol ic  l aye r ,  con- 
ta ining g lyce ro l  and deacy la ted  phosphol ipids ,  was  d i s c a r d e d  and the c h l o r o f o r m  l a y e r  was r ap id ly  f i l t e r ed  
through a l a y e r  of s i l i c a  gel .  The f i l t r a t e  contained the fatty ac ids  (and the i r  methyl  e s t e r s )  and cho le s t e ro l .  
Subsequent washing of the adso rben t  with c h l o r o f o r m -  methanol  (3 : 2) gave a c e r e b r o s i d e  f r ac t ion  containing 
s m a l l  amounts of c h o l e s t e r o l  as  impur i ty .  Under these  condit ions the whole of the sphingomyel in  r e m a i n e d  on 
the s i l i ca  gel .  

The i so la t ion  of the C18-sphingosines was a lso  made d i r e c t l y  f rom the to ta l  deacy la ted  b ra in  l ip ids  (see 
Scheme 1). The to ta l  sphingol ipids  p r e s e n t  together  with the fat ty ac ids  and cho le s t e ro l  in the ch lo ro fo rm solu-  
t ion of the deacy la t ion  products  were  subjec ted  to acid  hydro lys i s  [18]. The hydro lyza te  was ex t r ac t ed  with 
pe t ro l eum e ther ,  and the r e s idue  was made a lkal ine  and was r e e x t r a c t e d  with ch lo ro fo rm (see Scheme 1). The 
unpurif ied sphingosine  b a s e s  obtained by the evapora t ion  of the ch lo ro fo rm e x t r a c t  were  conver ted  into N- 
ace ty l sph ingos ines  by the method of Klenk and Diebold [14]. These  compounds were  pur i f ied  by column chro-  
matography  on s i l i c a  gel.  The pure  C18-sphingosines were  r e g e n e r a t e d  by the a lka l ine  or  ac id  hyd r o ly s i s  of the 
N-ace ta t e .  A high deg ree  of pur i ty  of the p r e p a r a t i o n s  was ensured  by the column ch romatography  of the N- 
ace ty l  de r iva t i ve s  of the sphingosines  o n  s i l i c a  gel  which, unlike the column ch roma tog raphy  of the sphingos ines  
t hemse lves ,  i s  not a s soc i a t ed  with l o s s e s  of the subs tances  being i so la ted .  

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

Ext rac t ion  of the Total  Lipids .  Catt le  b ra in  (3.0 kg) was f r eed  f rom m e m b r a n e s  and blood v e s s e l s  and 
was homogenized with 3 l i t e r s  of c h l o r o f o r m - m e t h a n o l  (2 : 1). The homogenate  was t r e a t e d  with another  3 
l i t e r s  of the same  mix tu re  of so lvents ,  and the contents of the f l a sk  were  ca re fu l ly  s t i r r e d  and were  lef t  ove r -  
night a t  0 to +5°C. The comminuted  t i s sue  was s epa ra t ed  f rom the c h l o r o f o r m -  me thano l  so lu t ions  by cen t r i -  
fuging (4000 rpm,  30 min) and was r e e x t r a c t e d  with another  3 l i t e r s  of c h l o r o f o r m -  methanol  (2 : 1). The com- 
bined e x t r a c t  was di luted with an amount of wa te r  such that the ra t io  of the aqueous methanol ic  and c h lo ro fo rm  
l a y e r s  was app rox ima te ly  2 : 3. The ch lo ro fo rm l a y e r  was s e p a r a t e d  off and evapora ted  in vacuum. The yie ld  
of to ta l  l ip ids  was 480 g. 

Alkal ine  Deacyla t ion  of the Total  Bra in  Lip ids .  With s t i r r i n g ,  2 l i t e r s  of a 0.1 N solut ion of po t a s s ium 
hydroxide  in 98% methanol  we re  added to a solut ion of 480 g of the to ta l  l ip ids  in 250 m l  of ch lo ro fo rm.  The 
r eac t i on  mix ture  was kept  at  40°C for 2 h and was then neu t r a l i zed  with a 1 N solut ion of hydroch lo r i c  ac id  in 
methanol  to pH 7.5 and was di luted with 3.25 l i t e r s  of ch lo ro fo rm and 1.5 l i t e r s  of wa te r  and lef t  a t  r o o m t e m -  
p e r a t u r e  until  the l a y e r s  had s e p a r a t e d  comple te ly .  The ch lo ro fo rm l a y e r  was s e p a r a t e d  off and the aqueous 
methanol ic  l a y e r  was ex t r ac t ed  with ch lo ro fo rm (3 x 1 l i t e r ) .  The combined ch lo ro fo rm e x t r a c t  was evapora ted  
in vacuum. The r e s idue ,  cons i s t ing  of fat ty ac ids ,  cho les t e ro l ,  c e r e b r o s i d e s ,  and sphingomyel in  ("unsaponif ied 
sphingolipid" f rac t ion) ,  weighed about 260 g. 

I so la t ion  of the C e r e b r o s i d e s .  The unpur i f ied  sphingol ipids  i so la ted  by the method d e s c r i b e d  above (130 
g) were  d i s so lved  in 1 l i t e r  of ch lo ro fo rm and the solut ion was f i l t e r ed  in vacuum through 1 kg of KSK s i l i c a  
gel  (75-100 mesh) p laced  in a B[ichner funnel with a g las s  f i l t e r  having a d i a m e t e r  of 25 cm.  The l a y e r  of s i l i -  
ca gel was washed with 5 l i t e r s  of ch lo roform.  The ch lo ro fo rm f i l t r a t e  was d i s c a r d e d  and the adso rben t  was 
r ap id ly  washed with 5 l i t e r s  of c h l o r o f o r m -  methanol  (3:2). The c h l o r o f o r m -  methanol  f i l t r a t e  was analyzed  
by t h i n - l a y e r  ch romatography  (TLC) 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  ( 6 5 : 2 5 : 4 )  s y s t e m  and was evapora ted  
in vacuum. The r e s idue  (40 g), cons i s t ing  of the c e r e b r o s i d e s  with a s m a l l  amount  of cho l e s t e ro l  and m o r e  
po la r  i m p u r i t i e s ,  was c r y s t a l l i z e d  th ree  t imes  f rom ethanol.  The y ie ld  of  c h r o m a t o g r a p h i c a l l y  pure  c e r e b r o -  
s ides  was 16 g; the ra t io  of the sphingosine b a s e s  (de te rmined  by the method of Lau te r  and T r a m s  [19]), fat ty 
ac ids ,  and ga lac tose  was l : l : l .  The f a t t y - ac id  composi t ion  of the c e r e b r o s i d e s  i s  given i nTa b l e  1. 

Acid Hydro lys i s  of the Unsaponi f ied  Bra in  Sph ingo l ip ids .  The unsaponif ied sphingol ip ids  obtained by the 
a lka l ine  deacy la t ion  of the total  l ip ids  of b r a i n  a s  d e s c r i b e d  above (130 g) were  ex t r ac t ed  with 2 l i t e r s  of a 
solut ion cons i s t ing  of methanol ,  concent ra ted  hydroch lo r ic  acid,  and wa te r  (82 : 8.6 : 9.4) [19]. The r eac t ion  mix-  
tu re  was boi led  for  18 h, cooled,  and ex t r ac t ed  with pe t ro l eum e the r  (4 x 500 ml).  The aqueous methanol ic  solu-  
t ion was made a lka l ine  with 49% po ta s s ium hydroxide to pH 13 and was ex t r ac t ed  with c h l o r o f o r m  (1 × 2 l i t e r s  
and 2 × 500 ml).  The ch lo ro fo rm e x t r a c t  was evapora ted  in vacuum to a volume of 500-600 ml and w a s w a s h e d  
with wa te r  to neu t ra l i ty .  The washed ex t r ac t  was  evapora ted .  The y ie ld  of unpur i f ied  sphingosine b a s e s  was 

2 0 g .  

Pur i f i ca t ion  of the Sphingosine Bases  via  the N-Ace ty l sph ingos ines .  A solut ion of 20 g of the unpur i f ied  
sphingosine  bases  in 500 ml of e the r  was t r e a t e d  with 150 ml of w a t e r  and 15 ml of ace t ic  anhydr ide .  The r e a c -  
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T A B L E  1. F a t t y - A c i d  C o m p o s i t i o n  of  
the  C e r e b r o s i d e s  of C a t t l e  B r a i n  

Fatty 
Symbol acid 

t6 :0  
1 6 : 1  
18=0 2,8 
18:1 
1 9 : 0  1 ,2  
20;0 
20:1 
22:0 3,4 
22:1 
23:0 5.3 
23.'1 
24=0 25,8 
24 : l 33,7 
25=0 16,0 
25=i 
26=0 11,8 
26:1 
27=0 
27:1 
28:0 
28= 1 

Lit. inform ation 

Hydroxy fat~ a-hy.droxy 
a m  acid acid 

- -  0 , 3  0 , 2  
- - '  0,9 
9,8 3,0 19,6 
- -  0 , 4  - -  

- -  0,  I 0,8 
4 , 7  3 , 9  4 , 5  
- -  0,3 
7,7 5,8 ~,2 
- -  0,6 0,3 

36,3 !2,2 32.9 
14,5 !4,3 7 , 8  
I0,0 3,8 12,9 

17,0 L2,1 I0,0 

- -  1 ,0  1,9 

0,6 0,7 

Note .  The  m e t h y l  e s t e r s  of the  f a t t y a c i d s  
and  the  m e t h y l  e s t e r s  of  the  ~ - a c e t o x y  
a c i d s  w e r e  a n a l y z e d  by  g a s - l i q u i d c h r o -  
m a t o g r a p h y .  The co lumn  had d i m e n s i o n s  
of 1500 x 4 m m  wi th  3% of  s i l i c o n e  S E - 3 0  
on C h r o m o s o r b  W (80-100 mesh ) .  The 
t e m p e r a t u r e  was  p r o g r a m m e d  f r o m  160 
to 250°C a t  the  r a t e  of 4 d e g / m i n .  The in-  
s t r u m e n t  was  a P y e - U n i c a m  s e r i e s  104, 
m o d e l  64, c h r o m a t o g r a p h .  

t ion m i x t u r e  was  shaken  fo r  5 rain,  the  e t h e r  l a y e r  was  s e p a r a t e d  off, and the aqueous  l a y e r  was  e x t r a c t e d  wi th  
e t h e r  (2 x 200 ml ) .  The  c o m b i n e d  e t h e r e a l  e x t r a c t  was  e v a p o r a t e d  to d r y n e s s .  The r e s i d u e  (9 g} was  c h r o m a t -  
o g r a p h e d  on a co lumn  with  d i m e n s i o n s  of  500 × 40 m m  con ta in ing  250 g of KSK s i l i c a  ge l  (80-100 mesh ) .  The 
s u b s t a n c e s  w e r e  e lu ted  s u c c e s s i v e l y  wi th  1 l i t e r  of c h l o r o f o r m  and 1 l i t e r  of 2% m e t h a n o l  in c h l o r o f o r m ,  40- 
m l  f r a c t i o n s  be ing  c o l l e c t e d .  The  f r a c t i o n s  con ta in ing ,  a c c o r d i n g  to TLC [17], p u r e  N - a c e t y l s p h i n g o s i n e s  [1Rf 
0.7 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  ( 6 5 : 2 5 : 4 )  s y s t e m ;  r e v e a l i n g  agen t  a 25% so lu t i on  of s u l f u r i c  ac id  in 
methano l ]  w e r e  c o m b i n e d  and e v a p o r a t e d .  The  y i e l d  of  c h r o m a t o g r a p h i c a l l y  p u r e  N - a c e t y l s p h i n g o s i n e  was 5g .  

A l k a l i n e  H y d r o l y s i s  o f  B r a i n  N - A c e t y l s p h i n g o s i n e s .  The  N - a c e t y l s p h i n g o s i n e s  (55 mg) w e r e  b o i l e d  with  
5 ml  of  a 1 N so lu t i on  of  c a u s t i c  soda  in 90% m e t h a n o l  fo r  3 h [21]. The r e a c t i o n  p r o d u c t s  w e r e  d i s t r i b u t e d  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 )  s y s t e m .  The  c h l o r o f o r m  l a y e r  con ta ined  the  s p h i n g o s i n e  b a s e s .  
Yie ld :  48 rag.  A s ing l e  s p o t  wi th  Rf  0.5 was  o b s e r v e d .  

S U M M A R Y  

A new p r e p a r a t i v e  me thod  fo r  the  i s o l a t i o n  of  the c e r e b r o s i d e s  and sph ingos ine  b a s e s  f r o m  ca t t l e  b r a i n  
i s  p r o p o s e d .  
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A STUDY OF THE PHOSPHOLIPIDS OF KENAF 

I. Tolibaev, Kh. S. Mukhamedova, 

and S. T. Akramov 
UDC 547.958:665.37 

In the present  paper we give the results of an invest igat ionofthe s t ruc ture  of the main components of the 
total phospholipids of kenaf of var ie ty  Kuban'-333, grown in the Uzbek experimental  station for  bast  c rops  [1]. 
The previously ground seed kernels  were defatted with acetone. The total phospholipids were  extracted by 
Folch ' s  method [2] and were freed f rom carbohydrates  by fil tration through Molselekt G-25 [3]. The combined 
phospholipids were  separa ted  into ethanol-soluble and ethanol-insoluble fract ions and each separa te ly  was 
passed through a column of si l ica gel. The neutral  lipids were eluted with chloroform,  and the phospholipids 
with mixtures of ch loroform and methanol of increas ing  polarity.  The final purification of the main fract ions 
(phosphatidylcholines, phosphatidylethanolamines,  and phosphatidylinosit01s) and the two minor  fract ions (X t and 
X 2) of phospholipids was per formed by preparat ive  chromatography in a thin layer  of s i l ica gel in solvents sys-  
tems 1 and 2. This gave homogeneous fract ions with the following constants:  

Phosphatidylcholines (PCs): mola r  rat io N /P  = 0.9; [~]~ + 6.30 (c 2.0; CHC13); 

Phosphatidylinositols (PIs): no N; P 3.3%; 

Phosphatidylethanolamines (PEs): molar  rat io N / P  = 1.1. 

The IR spec t ra  of the fract ions obtained coincided with those of glycerophospholipids [4, 5]. To confi rm 
the s t ructure  of the main components,  we ca r r i ed  out acid hydrolysis .  The following products were found in the 
hydrolyzate:  f rom the PCs, choline; f rom the PIs, inositol; f rom the PEs,  ethanolamine; and, in the hydro l -  
yza tes  of all the fract ions,  glycerol .  The amines and polyols were identified f rom their  Rf values with m a r k e r s  
in a thin layer  of s i l ica gel in sys tems  3 and 4. The reveal ing agents were a solution of ninhydrin, Dragendorff 's  
reagent,  a 1% solution of potass ium metaperiodate,  and benzidine solution. To determine their  fa t ty-acid  com- 
positions, the phospholipids were subjected to alkaline hydrolysis .  The fatty acids were analyzed in the form of 
methyl e s t e r s  by GLC. The resul ts  of the analysis  of the fatty acid composit ions of the total phospholipids and 
of the individual f ract ions a re  given in Table 1. The fatty acids of the total phospholipid and its components 
are  s imi lar  qualitatively, but the ratios of the individual acids differ. In the individual fract ions of the phos- 
pholipids of kenaf seeds, f rom 21.4 to 37% of saturated fatty acids containing mainly palmitic acid and f rom 63 
to 78.6% of unsaturated acids with a predominance of linoleic acid are  found. The degree of unsaturat ion of the 
phospholipid molecules r i ses  in the following sequence: PIs ~ X t- PL --  PEs ~ PCs ~ X  z- PL.  
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