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The dis t r ibut ion of the acids over  the three  posi t ions of sn -g lyce ro l  in the t r i acy ig lyce ro l s  (TAGs) of 
the seeds  of Ph lomis  regel i i  M. Pop, Ph. oreophi l la  Kar .  et Kir . ,  and Lavandula sp ica  L.,  family  Lab i a t ae ,ha s  
been es tabl i shed on the bas i s  of the r e su l t s  of a s t e reospec i f i c  analys is .  

As the r e su l t  of an invest igat ion of the fine s t ruc tu re  of ce r ta in  plant t r i acy lg iyce ro l s  (TAGs), the pos i -  
tion s t e r eospec l f i c i t y  of the fat ty acids with r e s p e c t  to one of the two p r i m a r y  hydroxy groups  of g lycero l ,  
which leads to a s t e r e o i s o m e r i s m  of the TAG molecule ,  has been es tabl i shed [ 1]. 

The sma l l  number  of expe r imen ta l  facts  concerning the composi t ion of the acids in the sn-1  and sn-3  
posi t ions does not p e r m i t  a re l iab le  predic t ion of the nature  of the dis t r ibut ion of acyl  res idues  in unstudied 
TAGs, pa r t i cu l a r ly  in those ca se s  where  some  acid of unusual s t ruc tu re  is p r e sen t  among the total  fat ty  acids .  

Prev ious ly ,  in a study of the s t ruc tu r e s  of the TAGs of the seeds  of 24 spec ies  of the family  Labiatae ,  
we elucidated some  fea tu res  of the dis t r ibut ion of the acyl  res idues  of unsa tura ted  acids in the sn-2  posit ion 
that a r e  c h a r a c t e r i s t i c  for  this family  [2 ]. The a im of the p r e sen t  work was to elucidate the distr ibution of 
acids over  the sn-  1 and sn -3  posi t ions of the TAGs of the seeds  of th ree  spec ies  of the s ame  family  and to e s -  
tabl ish the s t e r e o s p e c i e s  composi t ion  of the i r  PAGs. 

S te reospec i f ic  analys is  was c a r r i e d  out by B r o c k e r h o f f ' s  method [3] with slight modif icat ions .  

In re la t ion  to the i r  fat ty acid composi t ions ,  the t r i acy lg lyce ro l s  of the seeds  of the spec ies  under  inves -  
t igation were  ass igned to the oils  containing oleic acid (Phlomis  regel i i  M. Pop) ,  l inoleic acid (Phlomis  o r eo -  
phil la Kar .  et  Kit .  ), and Iinolenie acid (Lavandula sp ica  L . ) .  In the TAGs of the two spec ies  of Pb_lomis, in ad- 
dition to the usual ac ids ,  we detected labal ienic  (Table 1), which is specif ic  for  this family.  

The pure  TAGs were  hydrolyzed with pancrea t i c  l ipase,  The reac t ion  products  were  isolated f r o m  the 
hydro lysa tes  by p r e p a r a t i v e  GLC in s y s t e m  1: Uncleaved TAGs , the  sum of the 1,2- and 2 , 3 - d i a e y l - s n - g l y c e r -  
ols ( sn-DAGs) ,  and the 2 - m o n o a c y l - s n - g l y c e r o l s  ( sn-2-MAGs)  were  analyzed for  the i r  fat ty acid composi t ions  
by the GLC method. The equal i ty of the acid composi t ions  of uncleaved and the initial  TAGs se rved  as a proof  

t h a t  the l ipase  hydro lys i s  was not accompanied  by i somer iza t ion .  The r ep re sen t a t i ve  nature  of the DAGs was 
conf i rmed by the a g r e e m e n t  of the i r  acid composi t ion  with the calculated composi t ion [4]. 

The sn-DAGs were  phosphoryla ted  with phenyl phosphorodiehlor idate .  At this s tage,  a white amorphous  
p rec ip i t a te  was fo rmed  which it  was difficult  to s epa ra t e  f rom the phosphoryla t ion products  and d is tor ted  the 
r e su l t s  of ana lys i s .  When i t  was p r e sen t  in apprec iab le  amount,  this p rec ip i ta te  would not be separa ted  even 
by t r e a t m e n t  with a solution of Na2CO 3 and by column chromatography .  It was poss ib le  to p reven t  the f o r m a -  
tion of the p rec ip i ta te  by cooling the r eac tan t s  and pe r fo rming  the reac t ion  a t  0°C. 

The mix tu re  of L-  and D-phosphat idylphenols  was purif ied by ch romatography  on a column of s i l ica  gel; 
the i r  pur i ty  was checked by TLC on s i l ica  gel in s y s t e m  2. 

The phosphatidylphenols  were  hydrolyzed with phosphol ipase A, and the phospholipolysis  products  were  
isola ted by p r e p a r a t i v e  TLC on s i l ica  gel in s y s t e m  2. The bes t  separa t ion  was achieved when the s i l ica  gel 
was impregna ted  with oxalic acid. 

The bands of the D-phosphat idylphenols  and of the lysophosphat idylphenols  were  sc raped  f r o m  the pla tes  
and were  t r ea t ed  with a methanol ic  solution of KOH, with the subsequent  addition of HC1. The methyl  e s t e r s  
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TABLE 1. Distribution of the Acids in the Triacylg lycerols  (TAGs) 
of Three Species  of the Family Labiatae 

Plant I Posi- 
tion 

TAG 
Phlom!s ~'n-i 

sa-2 regeHi J%. P o p. :=n-3 

TAG 
PhIomis sn-I 

oreophilla sn-2 
K a r .  e t  K I r .  ~n-3 

TAG 
Lavandula sn-1 

~p!ca L. sn-2 
~n-3 

*Sum of A 9'12- 

tTogether  with 

16:1) 

4.G 
] 2,7 (92.0}:~ 
0,9 (6,5) 
0,2 ( 1.51 

2,5 
3.~ (59.7) 
0.6 (~,0) 
3,1 (.tlff) 

3,1 
8.3 (89,2) 
0,4 (4,31 
(,~(~51 

and A5'6-~18:2. 
16:1. 

Acid (mole %, GLC) 

I~:9 

1,8 (~.9) 

0,2 (lI,1) 

0.5 
1,0 ~55,81 

0,8 ~4,11 

0,5 
1,2 (30,0) 

0,3 ~0,0) 

70,5 

78,7 (37.2) 
5~.4 (32.~ j 

36.7 
3 ~,9 (30.S) 
25.9 (23,5 } 
50.3 (45,7J 

8,1 
1~,4 (55J) 
10,7 (44,0) 
O,l ([1,91 

18:2 

5 9,12 I A 5,6 

9,'~ ! 13.9 
20,7" 

15,3 152,01 I 4,S (11,51 
30,$;' 

53,5 ] 7,1 
59,~)* (3L]I 
72,0 14i,71 
41,3 * (24,2) 

9,4 
8,7 (8~1.91 

12,2 (-:3,,D 
7,3 (~5.~:t 

18:3 

0,6 
1,5 (,¢3,3) 
0,3 (16,7) 

2,6 
2,2 (2~,5/ 
1,5 (U;.2} 
4,0 (5!,81 

7¢,9 
6"~,4 (2~,9) 
76.7 (:',2, 4i 

$ Proportion of the acid in percentages with respect  to their total 
amount on the TAGs [ 11. 

(MEs) obtained in this way were free from the phenol formed in the case  of acid methanolysis .  The absence of 
phenols from the methanolysis  products ~as  confirmed by gas' l iquid chromatography on polar and nonpolar 
phases.  When a model  mixture of phenol with fatty acid MEs was chromatographed on the polar phase, phenol 
and the 16 : 10 ME issued as a single peak, while on the nonpolar phase the phenol was eluted with the solvent 
and the amount of 16 : 0 ME corresponded to its true amount in the total MEs. 

Of the phosphorolysis  products, the composit ion of the acids of the lysophosphatidylphenols directly re-  
flected the composit ion of the fatty acids from the sn-1 position, and the composit ion of the acids split out that 
of the acids in the sn-2  position. The set of acids in the sn-3  positions was obtained by two methods of calcula- 
tion [3].  The results  of the two calculations coincided. The composit ions of the acids from the sn-2 position 
determined from the results  of two l ipolyses  were also identical. 

The amounts of laballenlc acid (A~,6-18 : 2) in the TAGs and sn-2-MAGs of the two species  of Phlomis 
were determined gravimetrical ly  by separating their MEs by preparative TLC on s i l ica gel with the addition 
of AgNO 3 and by GLC analysis .  The distribution of the A5'6-18 : 2 acid in the sn-2  position was calculated in 
this way. The small  amount of lysophosphatidylphenols did not permit  the amounts of this acid in the sn- 1 and 
sn-2  posit ions to be determined. 

The structures of the TAGs' of each plant species  were analyzed in duplicate. The results of the s tereo-  
specifi  c analysis  are given in Table 1. The combined fatty acids of the species  studied included, in addition to 
the acids mentioned in the Table, traces of the 16 : 1 acid. The saturated and unsaturated acids were distributed 
differently from the sn-1 and sn-3  positions.  

The saturated acids were concentrated mainly in the extreme positions,  but in the TAGs of two species  
(Ph. regel i i  and Lavandula spica), a lmost  all the saturated acids were concentrated in the sn-1 position, and in 
the TAGs of Ph. oreophilia more than l/3 of the saturated acids were also present  in the sn~3 position. 

The preferential  esterif ication of the sn-1 position by the saturated acids has also been detected in sev-  
eral  other plant TAGs [1].  

In the TAGs of P_hh. rege l i i  in which oleic  acid is the predominating one, it is distributed approximately 
uniformly over  the extreme positions,  but some excess  of it is  also found in the sn-2  position. In the other 
Phlomis species ,  the 18 : 1 acid ester i f ies  the sn-3  position to a greater degree,  and in Lavandula spica L. the 
sn- 1 position. 

In the TAGs of Ph. oreophilla and Lavanduta sPica, about half the 18 : 2 acid is bound in the sn-2  position 
and the remainder is largely included in the sn-1 position, but in the TAGs of Ph. regeli i  this acid mainly e s -  
terif ies the sn-3  position. 

In the TAGs of two spec ies ,  the linolenic acid occupies the sn-3  position preferentially,  and in Ph. 
regel i i  the sn-1 position. 

The laballenic acid is distributed in a somewhat unusual fashion in the TAG molecules .  With rare excep- 
tions [ 5], acids of unusual structure have not been detected in the sn-2  position, and they either esterify the 
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TABLE 2. Stereotypie Compositions of the Tr iacy lg lycero ls  
(TAGs) of the Seeds of Three Species of the Family  Labiatae 

Plant 
SSU* 

Phlomts rege- t0 lii M. Pop .1 (2)'J" 
Phlomis ore- 

ophilla 
Kar.  e t .  
K|r. 

Lavandula 
spica L. 

SUS 

1,5 (2) 

* S denotes acyl  res idues  of saturated 
saturated a c i d s .  
t N u m b e r  of TAG species  of the given 

T Cpe of TAG, mole 

SUU UUS 

14.1 (9) 0 ,4(6)  

2.6(7) 3,9(9) 

9.3 (9) o8(5) 

acids 

type. 

% ~Total 
[ number 
lof TAG 

usu uuu ~ species 

1 36 
I 4, 

0.4 (~) 189.5 (18)[ 

and U those of un-  

sn-3 position completely or  are  enriched in this position as compared with the sn-1 [1]. There is no informa-  
tion on the distr ibution of the A s'~- 18 : 2 acid in the acytglycerols ,  In the seeds of Ph. oreophilla the amount of 
the A5'6-18 : 2 acid is small ,  and in the sn-2-MAG fraction of this species no laballenic acid has been detected, 
which gives grounds for concluding that it is distr ibuted predominantly in the ext reme posi t ions.  However, this 
acid is p resen t  in the appreciable amounts in the analogous fraction of Ph. regeli i  (14% in the TAG). On calcu-  
lating the mola r  fract ion,  it was found that about 12% of the A5'~-18 : 2 acid es ter i f ies  the sn-2 position, and 
88% the ex t reme  positions. 

In Ph. regel i i  the laballenic acid is distributed over  all three positions of the TAGs with a predominance 
in the ext reme positions. 

On the basis  of the resul ts  of the spereospeci f ic  analysis  we calculated the s tereotypic composit ion of 
the TAGs (Table 2). As can be seen f rom Table 2, TAGs of the S 3 and US 2 types are  absent f rom these oils. 

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

The seeds of Ph. regeli i  were collected in the environs of Darbaza (Kaz. SSR); those of Ph. oreophilla in 
the environs of Santash (Kirg. SSR); and those of Lavandula spica in the Tashkent Botanical Garden in 1980. 

The t r iacylg lycero ls  were isolated f rom the oils by column chromatography on sil ica gel L 100-160 
mesh with elution by a mixture of low-boiling pet ro leum ether  and diethyl e ther  in a rat io of 98 : 2. 

Thin- layer  chromatography was ca r r i ed  out on Silufol and sil ica gel L 5/40 mesh with the addition of 
10% of gypsum in the sys tems  1) pet ro leum e t h e r - d i e t h y l  ether  ( 6 :4 ) ;  2 )d ie thy l  e t h e r - m e t h a n o l - a m m o n i a  
(88 : 10: 2); 3) pe t ro leum e t h e r - d i e t h y l  ether (1 : 1); and 4) benzene. Gas--l iquid chromatography was p e r -  
formed on a Chrom-4  ins t rument  with a flame ionization detector  in the i sothermal  regime using a 2.5 m × 
4 mm column filled with 17% of ethylene succinate on Chromaton N-AW at a column tempera ture  of 202°C at 
a p r e s s u r e  of c a r r i e r  gas (He) of 0.7 kg f / cm 2, and on a 1.2 m x  3 mm column filled with 5% of SE-30 on 
Chromaton N-AW at a column tempera ture  of 220°C at a p ressu re  of He of 9.65 kgf/cm2. 

The acylg lycerols  were hydrolyzed with 10% methanolic KOH solution. Lipolysis by pancreat ic  lipase 
was ca r r i ed  out by adding to 1 g of TAGs 2 ml of hexane, 4 ml of 1% poly(vinyl alcohol), 1 ml of 22% CaC12, 
and 0.3 g of pancreat ic  l ipase f rom the Olaine chemical  reagents  fac tory  (previously defatted with acetone and 
diethyl ether.) in 10 ml of ammoniacal  buffer having pH 8.0. The react ion was per formed at 40°C for 5-20 rain, 
depending on the depth of hydrolysis .  The react ion was monitored by taking samples  and analyzing them by 
TLC in sys tem 1. 

The initial reagents  for the phosphor¥1ation react ion were obtained as descr ibed previously [6]. 

Phosphorylation.  A weighed sample of sn-DAGs was dissolved in 0.5 ml of dry  diethyl ether and the 
solution was cooled in ice for 5-10 rain. Then, with shaking, the cooled solution of the substance was added 
dropwise to a previously cooled mixture of dry  pyridine and 0°5 ml of f reshly  distilled phenyl phosphorodi-  
chloridate.  The react ion mixture was left at room tempera ture  for 12 h. 

The isolation and purification of the phosphorylation products was ca r r i ed  out as deseribed by Brocke r -  
hoff [3].  

Phospholipolysis of the Phosphatidylphenols.  To 50 nag of the phosphatidylphenols in 10 ml of diethyl 
ether were added 0.2 ml of a 0.1 M solution of CaC12 and a solution of 20 mg of phospholipase A f rom karl 
venom in 1 ml of Tr is  buffer with pH 8.0. The mixture was left at room tempera ture  for 12 h. After the end 
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of the reac t ion  (monitored by TLC in s y s t e m  2), the solvent  and the water ,  in the fo rm of an azeotrope with 
benzene,  were  evapora ted  off at  a t e m p e r a t u r e  not exceeding 40°C. The res idue  was t rea ted  with I ml of 
ch lo ro fo rm,  0.5 ml  of methanol ,  and a few drops  of water .  The resul t ing  solution was deposited on a plate. 

The following va r i an t  of TLC was used to s epa ra t e  the phospholipolysis  products .  Two pla tes  (20 × 20 
cm)  coated with s i l ica  gel L 5/40 mesh  were  impregnated  with a 1% aqueous solution of oxalic acid. After  the 
f i r s t  run in s y s t e m  3 and visual iza t ion with 50% H2SO 4 followed by heating at 120°C, the band cor responding  in 
i ts  Rf value to the f r ee  l ipids was removed ,  and the pla tes  were  kept  in ammonia  vapor  for  10 rain and were  
i m m e r s e d  in s y s t e m  2. The bands of the D-phosphat idylphenols  and of the lysophosphat idylphenols  visual ized 
s i m i l a r l y  were  r emoved  f r o m  the p la tes  and, without the subs tances  being eluted f r o m  the adsorbent ,  3 ml of 
0.5 M KOH in  methanol  was added. After  15 rain, 2 ml of 1 N HC1 was added and the resu l t ing  MEs were  ex-  
t r ac ted  th ree  t imes  with pe t ro l eum e ther .  Af ter  the solvent  had been e l iminated,  the res idue  of f ree  acids was 
methyla ted  with d iazomethane.  

The isolat ion of the A5'6-18 : 2 ME was c a r r i e d  out by chromatographing  the MEs f rom the TAGs and the 
sn -2 -MAGs  on s i l ica  gel with the addition of CaSO 4 and 30% of AgNO 3 in s y s t e m  4. The zone with Rf 0.86 was 
eluted f r o m  the sorbent  [7]. 

S U M M A R Y  

1. In the t r iacylg lycer01s  of the seeds  of three  spec ies  of the fami ly  Labiatae ,  the sa tura ted  acids a r e  
d is t r ibuted  e i ther  p redomina te ly  in the sn-1  posi t ion or  in the sn-1 and sn -3  posi t ions;  the dis t r ibut ion of the 
18 : 1 acid is  c h a r a c t e r i s t i c  for  each oil; the 18 : 2 acid e s t e r i f i e s  mainly  the sn-2  posit ion and of the two ex- 
t r e m e  posi t ions ,  the sn-  1; the 18 : 3 acid in two spec ies  occupies  predominant ly  the sn-3  posi t ion and in one 
spec ies  predominant ly  the sn-1 posit ion.  

2. Labal lenic  acid e s t e r i f i e s  all  three  posi t ions,  with a p r e f e r ence  for  the ex t r eme  ones, in the t r i acy l -  
g lycero l  of Ph. regel i i  M. Pop. 

3. The phosphoryla t ion  of the s n - l , 2 -  and sn -2 ,3 -d i acy lg lyce ro l s  is not accompanied  by the format ion  of 
apprec iab le  amounts  of by -p roduc t s  when prev ious ly  cooled reagents  a r e  used. 

I. 
2. 
3. 
4. 
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