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N E U T R A L  L I P I D S  O F  T H E  S E E D S  O F  E r e m o s t a c h y s  

T .  V .  P a n e k i n a ,  S. D.  G u s a k o v a ,  
M.  Y a .  T a b a k ,  a n d  A.  U.  U m a r o v  

m o l u c c e l l o i d e s  

UDC 547.915 : 665.3 

We have p rev ious ly  r epo r t ed  on individual components  of the fatty oil of the seeds  o f E r e m o s t a c h y s  moluc -  
ceUoides,  fami ly  Labia tae  [1-3]. In the p re sen t  paper  we give the r e su l t s  of a fur ther  study of the total  neu t ra l  
lipids isolated f rom the seeds  of  plants  col lected in 1976 (in the Tashkent  oblast) .  

The neutra l  lipids (NL's) of the r ipe  seeds  of E.  moluccel lo ides  were  chromatographed  on a column of 
s i l ica  gel. Elution with hexane yielded the total  hydrocarbons ,  h igh-molecu la r -we igh t  alcohols,  p igments ,  e s -  
t e r s ,  and s t e ro l s  (fraction I, l % o f  the weight of the initial ext rac t )  [1]; h e x a n e - d i e t h y l  e ther  (95 : 5) eluted the 
t r i g lyce r i de s  (TG's) (II, 89.6%); h e x a n e - d i e t h y l  e ther  (92 : 8) eluted the total  f ree  fat ty acids (FFA's)  and the 
s t e ro l s  and d ig lycer ides  (DG's) (III, 7.2%); diethyl e ther  eluted the monoglycer ides  (MG's) (IV, 0.8%); and 
methanol  eluted the phospholipids (V, 1.4%). 

Ass ignments  to the appropr ia te  c l a s s e s  were  made on the bas is  of the r e su l t s  of TLC [4] and spec t r a l  
(IR and NMR) c h a r a c t e r i s t i c s .  The fact  that  f ract ion (V) consis ted of phospholipids was conf i rmed by the qual -  
itative reac t ion  with the Vas 'kovsk i i  reagent .  The phospholipid f ract ion was not studied. 

Since halogen-containing acids have prev ious ly  been isolated f rom the oil of E. moluccel lo ides  [3], each  
of the f rac t ions  obtained was subjected to the Bei ls te in  t e s t  for the p resence  of halogen. Frac t ions  II, III,  and 
V gave  a posi t ive resu l t .  The p r e sence  of a helogen in f rac t ions  II and III was conf i rmed by the r e su l t s  of 
neu t ron-ac t iva t ion  analys is  (per formed by R. Khamidova of the Institute of Nuclear  Physics  of the Academy of 
Sciences of the Uzbek SSR). This showed that  f ract ion II contained 4 ppm of Br and 160 ppm of C1, and f rac t ion  
III contained 90 ppm of Br  and 1100 ppm of C1. 

The composi t ion of f rac t ion  I has been descr ibed  prev ious ly  [1]. The fa t ty-acid  composi t ion of the TG 
f rac t ion  (GLC) is given in Table 1. The composi t ion of the acids of  the TG ' s  differs  f rom that of the TG ' s  of the 
seeds  of E._. moluceel lo ides  col lected in 1974 by a lower content of the C20: i acid and by the appearance  of 
smal l  amounts of the C16 : 1 and C18 : s acids [1]. The g lycer ide  composi t ion of the T G ' s  calculated f r o m  the r e -  
sul ts  of enzymat ic  hydro lys i s  is r ep re sen t ed  by the following types  (%): 

GtS S - n o n e  GIS2U - 0.2 G1SUS- 0.3 
G1USU- 1.6 G1SUU - 10.0 G1U 3 - 87.9 [5]. 

By chromatographing  f rac t ion  III again on a column of s i l ica  gel, we isolated d i -2-e thy lhexyl  phthalate 
identified by its NMR s p e c t r u m  [2] and F F A ' s  [hexane-d ie thy l  e ther  (92 : 8)], f ree  s t e ro l s  and DG's  [hexane -  
diethyl e ther  (1 : 1)]. The Bei ls te in  t e s t  was posi t ive for  the FAA frac t ion  and the DG frac t ion  (weak). 

In all cases  the separa t ion  was moni to red  by TLC on Silufol p la tes  in s y s t e m  1. According to TLC, the 
DO fract ion r ep re sen t ed  the sum of the ~, fl-(Rf 0.2) and of the o~,e~,-(Rf 0.26) i s o m e r s  with a p redominance  of 
the la t t e r .  The composi t ions  of the fat ty acids of the total  DG's  (GLC) are  given in Table 1. The IR s p e c t r u m  
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T A B L E  1. F a t t y - A c i d  Compos i t ion  of  the 
Glyce r ide  F r a c t i o n s  of  the Seed Oil  of  E r e m o -  
s t achys  mo lucce l lo ides  (%, GLC) 

Acid 

C9:o 
C16:o 
C16:1 
C17:0 
C18:0 
C18:1 
C18:2 
C18:3 
C2o: 1 

IB =MG 
E nat.lZ nat.~f~o m 
MGs DGs Ithe 

13,7 

9,7 
51,2 
25_.4 

2,9 
0,5 
0,2 
1,I 

57.5 
34,7 

1,2 
1,9 

I/5-Mgs]Synthetic TGs 
Nat. [from [from the DGs 
TGs Ithe | Inat. ~ jnon- 

" ITGs ~pecific ~pecific 
| ~iydr olysis ~aydr olysis 

0,6 - -  - -  

4,2 3.1 1,8 
0,5 0,5 

I 0 , 7  1 ,1  - -  

58.7 71,9 77,5 
33,6 22.8 18,4 

1 , 7  0,6 2,3 
- -  T r .  

3,0 14,9 
2,8 

- -  5,4 
74,7 69,6 
9') 3 16,3 

of  the me thy l  e s t e r s  of the ac ids  of  the to ta l  DG's  showed the band of  an al lene g roup  (1965 era- l ) ,  f r o m  which 
it fol lowed that  the DG f rac t ion  conta ins  labal lenic  acid (5,6-Ci8:2) [1]. 

Since on s e p a r a t i n g  the to ta l  DG's  on s i l i ca  gel  with the addit ion of  10% H3BO 3 we w e r e  unable  to i so la te  
the individual  c~, 13 - and ~ , c ~ ' - i s o m e r s  t he i r  g lyee r ide  types  w e r e  d e t e r m i n e d  by us ing  the to ta l  DG's .  F o r  this  
p u r p o s e ,  the sum of the na t u r a l  DG's  was  also h y d r o l y z e d  with p a n c r e a t i c  l ipase .  In the h y d r o l y s i s  p roduc t s ,  
by ana ly t i ca l  TC on Silufol p la tes  in s y s t e m  1, we de tec ted  [3-MG's  (Rf 0.03), r e s i d u e s  of  u n s a t u r a t e d  DG's  
(Rf 0.2 and 0.26), F F A ' s ,  and syn the t ic  TGrs (Rf 0 .86 ) .  The h y d r o l y s i s  p roduc t s  were  s e p a r a t e d  by p r e p a r a t i v e  
TLC in s y s t e m  2. On the bas is  o f  the Be i l s te in  tes t ,  the absence  of ha logen  f r o m  the /3-MG,s and its p r e s e n c e  
in the F F A ' s  was  es t ab l i shed ,  f r o m  which it was  a s s u m e d  that  the ha logen -con ta in ing  acids  a re  e s t e r i f i ed  
ma in ly  in the or,a,  pos i t ions  of  the DG ' s .  On the bas i s  o f  the compos i t ion  of  the ac ids  i so la ted  f r o m  the  to ta l  
DG's  and f l - M G ' s  we ca lcu la ted  the types  of  DG's  for  the c~,/3- and i f , f iT - i somers  (%): 

Type of 
Diglyceride a,B -DO a,cC -DG 

PP 0,2 0,1 
OP 2/) 2,0 
LP 1,9 1.4 
PO 2.1 2,0 
OO 35,8 34.0 
LO 23,5 22,3 
PL 1,2 1,3 
Ok 19,6 22,3 
LL 12.8 14,6 

The r e s u l t s  of  a c h e m i c a l  ana lys i s  of  the DG's  con f i rmed  those  of m a s s  s p e c t r o s c o p y  [6], in which the main  
m o l e c u l a r  ions w e r e  M + 620 and 618, c o r r e s p o n d i n g  to the types  OO and OL.  

It  can be seen f r o m  an ana lys i s  of  the fac ts  given above and of  Table  1 tha t  the D G ' s  contain  ac ids  not 
de tec ted  in the T G ' s  (C9: 0, Cl7 : 0), and a g r e a t e r  amount  of  Cl8 : 2 and C20 : 1 ac ids  than in the T G ' s .  F u r t h e r -  
m o r e ,  with an amount  of  s a t u r a t e d  acids  n e a r l y  equal  to tha t  in the T G ' s ,  the amount  of  these  acids  e s t e r i f i ed  
in the  [3 pos i t ions  of  the D G ' s  was  somewha t  h ighe r .  

The syn the t i c  T G ' s  w e r e  i so la ted  f r o m  the h y d r o l y s i s  p roduc t s  and identif ied on the bas i s  of  the i r  II~ and 
NMtt s p e c t r a .  Be s i de s  T G ' s ,  in this  f r ac t ion  we identif ied t r a c e s  of  a phthal ic  acid e s t e r  (NMR s p e c t r u m ;  T 
sca le ,  2.6 ppm, mul t ip le t ) .  The f a t t y - a c i d  compos i t i on  of  the synthe t ic  DG's  is given in Table  1. 

The capac i ty  of  p a n c r e a t i c  and some  b a c t e r i a l  l i pa ses  fo r  ca ta lyz ing  the syn thes i s  of  TG ' s  is wel l  known 
[7]. In ou r  e x p e r i m e n t s ,  unde r  the condi t ions  of  the e n z y m a t i c  h y d r o l y s i s  of the DG's  tha t  were  used,  the fa t ty -  
ac id  compos i t ion  o f  the synthe t ic  T G ' s  (see Table  1) a l m o s t  c o r r e s p o n d e d  to tha t  of  the na tu ra l  T G ' s .  These  
r e s u l t s  show tha t  in the e s t e r i f i c a t i on  r e a c t i o n  ca t a lyzed  by p a n c r e a t i c  l ipase  all the ac ids  p r e s e n t  in the r e -  
ac t ion  mix tu re  take  p lace  in a c c o r d a n c e  with the i r  quant i ta t ive  amounts .  
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As mentioned above, in the TG and DG frac t ions  we found a ve ry  sma l l  amount of halogen-containing c o m -  
pounds. In o rde r  to se lec t  methods for  the i r  isolation excluding loss  of halogen [3], we hydrolyzed these  f r a c -  
t ions with a nonspecif ic  l ipase i so la ted  f r o m  the cul ture liquid of the fungus Oospora  laetis .[8].  In pa ra l l e l  we 
set  up a blank expe r imen t  with all the reagen ts  used in the hydro lys i s  by the nonspecif ic  l ipase with the ex -  
ception of the sample  of g lyee r ides .  The products  that  appeared  as the r e su l t s  of a blank exper imen t  were  
analyzed by TLC and the absence of neut ra l  fat f r o m  them was shown. F r o m  the hydro lys i s  of the DG's  by the 
nonspecif ic  l ipase,  by means  of p r epa ra t i ve  TLC we isolated the MG's ,  the sum of the unhydrolyzed DG's ,  the 
F F A ' s ,  and the synthet ic  DG's ,  and f r o m  the hydrolyzate  of the T G ' s  we isolated the to ta l  F F A ' s .  A quant i ta -  
t ive t e s t  r evea led  the p r e sence  of halogen in all the f rac t ions  isolated f rom the hydro lyza tes .  According to 
NMR spec t roscopy ,  the f rac t ion  of synthetic TG ' s  in this case ,  also,  contained a phthal ic  e s t e r .  

Thus,  the nonspeeif ic  l ipase,  just  like the pancrea t i c  l ipase,  is capable  of catalyzing the back- reac t ion .  
However ,  the fa t ty-ac id  composi t ion  of the synthetic TG ' s  obtained as the r e su l t  of nonspeeif ic  hydro lys i s  
differed f rom the composi t ion of the acids of the na tura l  TG ' s  by a cons iderably  higher  (almost  five t imes)  
amount of sa tura ted  (C~6 : 0, C18: 0) acids (see Table 1). Consequently,  the nonspecif ic  l ipase  ca ta lyzes  the 
es te r i f i ea t ion  reac t ion  with a definite p r e f e r ence  in re la t ion  to the sa tura ted  acids.  

The f rac t ion  of na tura!  MG's  (IV) having Rf 0.03 in s y s t e m  1 was identified by compar i son  of its spec t r a l  
c h a r a c t e r i s t i c s  with those given in the I i t e ra tu re .  According to analyt ical  TLC in s y s t e m  3 the f ract ion con- 
s i s ted  of the combined o~- and /~ - i somers .  The fa t ty-ac id  composi t ion of the natura l  MG's  is given in Table 1. 
It can be seen f rom this that  the MG fract ion of the oil of E. moluceel lo ides  is r ich  in sa tura ted  acids (23%). 

When the initial combined N L ' s  of the seeds  o f E .  moluccel lo ides  was separa ted  on neutra l  A1203, a higher  
amount of F F A ' s ,  DG's ,  and MG's  was obtained than when they were  separa ted  on s i l ica  gel, which conf i rms  
the abil i ty of AI203 to hydrolyze the e s t e r  groups that  was detected p rev ious ly  [10]. 

In the separa t ion  of the combined NL ' s  on a column of Sephadex LH-20 [11], TG and DG fract ions  en-  
r iched with the halogen-containing components  and also with the phthalic acid e s t e r  were  obtained, which con-  
f i rms  the p re sence  of phthalates in the natural  combined NL ' s .  

[1-31. 

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

The conditions for record ing  the IB, NMR, and m a s s  s p e c t r a  were  s i m i l a r  to those desc r ibed  p rev ious ly  

The total  NL ' s  were  isolated by ex t rac t ing  the d ry  comminuted seeds  by steeping them with hexane. 

The neu t ra l  lipids were  sepa ra t e ly  pass ing  10 g of the total  m a t e r i a l  through a column (d =19 mm,  V= 
25 cm 3) containing s i l ica  gel (~Woelm"). The volumes of solvents  used for  eluting the f rac t ions  were:  h e x a n e -  
120 ml  (fraction I); h e x a n e - d i e t h y l  e ther  (95 :57-150  ml  (II); h e x a n e - d i e t h y l  e ther  ( 9 2 : 8 ) - 2 0 0  ml  (III); diethyl 
e t h e r - 1 5 0  ml (IV); and m e t h a n o l - 2 0 0  ml  (V). 

The analytical  ch romatography  of the total  N L ' s  according to c l a s s e s  was ca r r i ed  out on Silufol p la tes  in 
the h e x a n e - m e t h y l  ethyl k e t o n e - a c e t i c  acid (41 :9  : 0.5) s y s t e m  (1) [12]. The spots were  revea led  with 12 vapor .  
The total  DG's  were  f reed  f r o m  accompanying subs tances  by p repa ra t ive  TLC in a thin l ayer  of KSK s i l ica  
gel with 1% of CaSO 4 in the pe t ro leum e t h e r - d i e t h y l  e ther  (8 : 7) s y s t e m  (2). 

The separa t ion  of the to ta l  DG der iva t ives  into the o~,fl- and ~ ,o~ ' - i somers  was ca r r i ed  out by p r e p a r a -  
t ive TLC on pla tes  (24 × 18 era) of KSK si l ica  gel with the addition of l % o f  gypsum and 10%of H3BO 3 in the 
c h l o r o f o r m - a c e t o n e  (96 : 4) sys tem (3) [9]. The chromogenic  agent was 50% H2SO 4 followed by heating. The 
substances  were  eluted f rom the zones with c h l o r o f o r m - m e t h a n o l  (9:1) .  

Sum of the DG's .  [R spec t rum,  cm- l :  3480, 3010, 2970, 2930, 2860, 1965, 1740, 1655, 1465, 1420, 1380, 
1320, 1280, 1240, 1170, 1120, 1100, 1060, 1030, 950, 880, 730 [13]. NMR spec t rum (CC14; TMS, ~- sca le ,  ppm):  
9.3 (CH3, t r iplet) ,  8.7 [(CH2)n, singlet],  8.4 ( C H 2 - C - C  ~ ,  multiplet) ,  8.0 (CH2C ~ ,  apparent  doublet), 7.7 
(CH2COO, tr iplet) ,  7.4 (C -OH,  singlet),  7.29 (~--~CCH2C--, t r iple t ) ,  6.4 (CH2-OH , doublet), 5.74-6.12 (CH-OH 
of a g lycero l  e s t e r  not es te r i f i ed  in the fl position, multiplet) ,  5.98 ( C H 2 - O - C  , doublet), 4.9-6.14 ( C H - O - C  
of a g lycero l  e s t e r  es te r i f i ed  in the fi posit ion,  multiplet) ,  4.74 (CH ~ C H ,  multiplet)  [14]. 

The main ions in the m a s s  spec t rum were ,  m/e:  620, 618 (M+), 602, 600 (M - H20) , 339 (M - l~COO), 
325, 323 ( M - R C O )  [6]. 

The pancrea t i c  l ipase  was obtained by the method of Zeman  and Scharmann [6]. 
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The panc rea t i c  li.pase hydro lys i s  of the combined DG's  and TG ' s  were  p e r f o r m e d  by using 0.5 g of 
sample ,  1.2 ml  of a 17o solution of poly(vinyl alcohol) (PVA), 6.5 ml  of p h o s p h a t e - c i t r a t e  buffer (pH 8.0), and 
0.4 g of  l ipase .  

The complex l ipase  p repa ra t ion  f r o m  the fungus O. lact is  UzLM-2 was obtained by the method desc r ibed  
p rev ious ly  [8] and had an act ivi ty  of 2500 units/g. 

Hydro lys i s  with the nonspecif ic  l ipase  was p e r f o r m e d  by using a mix ture  of 0.5 g of DG's  (TG's) ,  1 ml  
of a ~o solution of PVA, 6.5 ml  of p h o s p h a t e - c i t r a t e  buffer (pH 7.5), and 0.03 g of l ipase .  In both cases ,  hy-  
d ro lys i s  was p e r f o r m e d  at 37°C for  2 h with constant  s t i r r ing .  

The p r e p a r a t i v e  TLC of the hydro lyza tes  was p e r f o r m e d  on KSK s i l ica  gel with 170 of gypsum in s y s t e m  
2 (for the isolat ion of the ~ - M G ' s  and the FFA ' s )  and with pe t ro l eum e t h e r - d i e t h y l  e ther  (8.5 : 1.5) (for the 
isolat ion of the synthet ic  TG's ) .  The spots  were  r evea led  with 5070H2SO 4 followed by heating.  The subs tances  
were  eluted f r o m  the zones with c h l o r o f o r m - m e t h a n o l  (9 : 1). 

In separa t ion  on a column of Sephadex LH-20 [11] (36 g of adsorbent  and 300 mg of oil), ch lo ro fo rm eluted 
11 f rac t ions .  The volumes  of solvent  eluting the var ious  f rac t ions  were :  I -VI  - 5 ml each (TG's);  VII - 15 ml  
(phthalic e s t e r  +TG ' s ) ;  V I I I - I X - 1 5  ml  each  (di-2-ethylhexyl  phthalate + F F A ' s  + DG's);  X-XI - 250 ml  each 
(DG's + phospholipids).  After the separa t ion ,  the column was r egene ra t ed  with methanol  and was used for  a new 
separa t ion .  F rac t ions  III (TG's) and X (DG's) gave a posi t ive Bei ls te in  tes t .  

In all  oases ,  when the eluent was ch loroform,  the solvent was dr iven off comple te ly  and then benzene was 
added and this  was dis t i l led off until the odor of the solvents  had d i sappeared  comple te ly .  

S U M M A R Y  

F r o m  the sum of the neu t ra l  l ipids o f  the seeds  of E. moluccel lo ides  we have isola ted the na tura l  d i -  
and monog lyce r ides ,  have de te rmined  the i r  s t ruc tu re ,  and have es tab l i shed  that  these  c l a s s e s  of lipids contain 
a higher  amount of sa tu ra ted  acids in the fl posi t ion than the t r i g lyce r ides  of the seeds .  

It  has  also been es tab l i shed  that  in the hydro lys i s  of  na tura l  d ig lyeer ides  with the nonspecif ic  l ipase of 
the fungus O. lact is  synthet ic  t r i g lyce r ide s  are  fo rmed that  differ  f r o m  natura l  t r i g lyce r i de s  by an inc reased  
amount of sa tu ra ted  acids ,  
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