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Oil-bearing plants of the family Caprifoliaceae are grown in the European part  of the USSR, in the 
Caucasus, in Western Europe, in the Mediterranean region, in North America, and in Asia. 

The present  paper gives the results of an investigation of the fatty-acid and trigiyceride compositions 
of the seed oils of Central Asian representatives of all four genera of this family - Abelia corymbosa, 
Lonicera nummulariifolia, Sambucus nigra (European elder), and Symphoricarpus chenaultii (Chenault 
"eoralberry). The f i rs t  two species of plants, growing wild, were collected on the northern slopes of the 
Bol'shoi Chimgan in the region of Lake Sarychelek. The other two species are cultivated as decorative 
plants and were collected in Tashkent. 

We have previously pu~,ished the characteristics of the seeds and the physicochemical indices of 
these oils [1, 2]. The seeds of Sambucus nigra and of Lonicera nummulariifolia are favorably distinguished 
by a high oil content (about 36%' and about ~ respectively). The low oil content of Abelia eorymbosa 
(about 4%) is partially due to the high content of husk, which is difficult to separate ~rom the kernels. The 
low saponification and iodine numbers of the same oil is due to the high content of total "unsaponifiables" 
(13%). These substances, extracted with ether from an aqueous solution of the potassium soaps of the fatty 
acids, likewise dissolve in ethanol and hot methanol but are insoluble in petroleum ether. They show posi- 
tive qualitative reactions for polycyclie polyterpenes. Their IR spectra and rate of migration in a thin 
layer of silica gel in the chloroform-methanol (25 : 1) system [3] shows that they are substances of tri- 
terpenoid nature. The results of a comparison of the IR spectra of the oil and of the "unsaponifiables" of 
A___:. corymbosa confirm that the latter are present in this oil in considerable amount. 

The IR spectra of the oils of S. ehcnaultii~ S_:_. nigra, and L_ nummulariifolia have shown that their 
main component consists of fatty-acid triglyeerides. 

Mixtures of fatty acids have been isolated from all the oils. From three of the oils, not including 
that of the oil-poor A. corymbosa, we have obtained the total saturated and solid acids. 

The gravimetrie composition, according to GLC, and the chemical indices of all the mixtures iso- 
lated have been given previously [1, 2]. 

The identity of the composition and indices of the combined saturated and combined solid acids shows 
the absence of trans-ethylenic bonds and also the remoteness of cis-ethylenie bonds from the earboxy 
group in the unsaturated fatty acids. 

The small and similar values of the iodine numbers of the combined saturated and the combined solid 
acids of all the oils can be explained by the incomplete removal of the saturated acids from the unsaturated 
by the methods of Bertram and of Twitchell, which provide for only twofold separation. 

By gas-licluid and paper chromatography it is possible to determine the compositions of the acids 
only with respect to the number of carbon atoms and the number of multiple bonds, and no answer to the 
question of the position of the latter in the carbon chain is given. For this reason, to determine the posi- 
tions of the multiple bonds we isolated!the bromides of the mixtures of fatty acids of the four oils and 
studied the products of oxidative degradation of mixtures of acids. 
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F r o m  the mix tu r e s  of fat ty acids  of all  the oils  we isola ted  t e t r a b r o m i d e s  (rap 111-113°C; 111-112.5°C; 
111-111.5°C; and 112-113.5°C), and f rom the oil of S. nigra a hexabromide  (mp 175.5-176.5°C). The amounts  
of C18:2 and C18:~ acids  calculated f rom the resu l t s  of GLC cor respond  to the amounts  of these acids ca lcu-  
lated f rom the t e t r ab romine  numbers  (66.50, 61.78, 32.84, 69.76) and hexabromide  number  (32.00). 

The degradat ion products  of the mix tu r e s  of acids  of each oil were  invest igated by g a s - l i q u i d  and 
th in - l aye r  (on cellulose) chromatography.  An e therea l  ex t r ac t  of the oxidized mix ture  was t r ea t ed  with 
diazomethane,  and the mix ture  of methyl  e s t e r s  obtained was chromatographed  at  198 and 122°C. In the 
f i r s t  case  aze la ic  acid and in the second case  capro ic  and pe largonic  acids  were  detected.  

In an aqueous dioxane ex t r ac t  f r o m  the oxidized mix tu re  of acids ,  malonic  and propionic acids were  
detected,  in addition to those a l r eady  mentioned.  Thus, in the oxidation products  of all  the mix tu res  of 
fat ty  acids  we found the usual f r agmen t s  f rom the oxidation of oils  containing linolenic, l inoleic,  and oleic 
acids .  The r e su l t s  obtained p e r m i t  the Cis:0 , C18:2 , and C18:3 acids detected to be identified as  oleic, ~ -  
l inoleic,  and a - l ino len ic  acids.  

As can be seen f rom the resu l t s  obtained, in i ts  fa t ty-ac id  composit ion the S. n igra  oil is  close to 
the l inseed type and the other  oils to the poppyseed type. 

All the mix tu re s  of fat ty  acids  isolated,  including the combined sa tura ted  and combined solids acids,  
were  sepa ra ted  by paper  chromatography.  The c h r o m a t o g r a m s  obtained conf i rmed the r e su l t s  of GLC. In 
addition, on pape r  c h r o m a t o g r a m s  of the mix tu re  of fat ty acids f rom the S. n igra  oil t r a c e s  of a rachid ic  
and behenic acids  were  detected ( f rom the i r  R f  values  and the absence  of unsaturat ion) ,  although these 
were  not detected by a g a s - l i q u i d  chromatograph .  P a p e r  chromatography,  unlike g a s - l i q u i d  chromatog-  
raphy, showed that the mix tu re s  of fatty acids of all  the oils contained a substance giving a zone with R f  
0.98. Such an R f  value is  not c h a r a c t e r i s t i c  for  the usual  monocarboxyl ic  acids .  

In all  the mix tu r e s  of fa t ty  acids,  the p r e sence  of hydroxy acids was shown on a thin l aye r  of s i l ica  
gel. In the UV region of the spec t ra ,  these four oils and the mix tu r e s  of fat ty  acids absorbed  at  230 and 
280 mn (log e 4.85, 2.9). Such absorpt ion  is cha r ac t e r i s t i c  for  conjugated dienes and ~ , f l -unsa tura ted  ke -  
tones.  However ,  the negative react ion of all  the oils and the mix tu r e s  of fatty acids i so la ted  f rom them 
with ma le i c  anhydride shows the absence  of conjugated ethylenic bonds that  p e r m i t s  the ass ignment  of the 
bands obse rved  to a , f l -unsa tu ra ted  keto groups.  

On this bas i s ,  we have suggested that  keto hydroxy acids containing a , f l -unsa tura t ion  with r e spec t  to 
the carbonyl  group a r e  p r e sen t  in the oils  of the four  spec ies  of plants.  According to the UV spec t r a  i t  
was found that  the oils of S. ohenaultii,  L. nummular i i fo l ia ,  and A. co rymbosa  contain about 1%, and the oil 
of S. n igra  about 2%, of keto hydroxy ac ids  calculated as  an 18-C acid. 

A keto hydroxy acid has  been iso la ted  f rom the oil of S. n igra  and a m o s t  probable  s t ruc tu re  has 
been put fo rward  for  i t  [4]. 

The oils  inves t iga ted  were  subjected to enzymat ic  hydro lys i s  with pancrea t i c  l ipase ,  which spli ts  
the acyl rad ica l  f rom the a - p o s i t i o n  in t r i g lyce r ide s  [5]. By hydro lys i s  and TLC on s i l ica  gel, we obtained 
monoglycer ides  with the acyl rad ica l  in the fl-posit ion.  F r o m  the m o l a r  composi t ion of the mix tu res  of 
acids i so la ted  both f rom the monoglycer ides  and f r o m  the t r i g lyce r ides  by a modif ied Coleman calculat ion 
[6] we de te rmined  the t r ig lyce r ide  composi t ions  of all  the oils with r e s p e c t  to the four and to the 18 types  
of t r i g lyce r i de s  (Table  1). As can be seen f rom the table,  all  the oils contain about 70% of t r iunsa tura ted  
g lycer ides .  This  co r responds  to the pronounced drying p rope r t i e s  of the oils:  the oil of S_: n igra  is  a d r y -  
ing oil, forming a d ry  f i lm twice as  fas t  as l inseed oil; the other  three  oils  a r e  semidrying .  

The t r ig lyce r ide  composi t ions  of all  the oils  with r e s p e c t  to the four types of t r i g lyce r ide s  (Table 1) 
found by enzymat ic  hydro lys i s  (columns I) were  identical  with the composi t ions  (columns H) calculated by 
the law of random distr ibution [7]. This  shows that the dis t r ibut ion of the acyl  rad ica l s  in the synthesis  of 
the t r i g lyce r ides  of  the oils that  we studied takes  place according to the pr inciple  of random distr ibution 
under  na tura l  conditions. 

On compar ing  the pape r  c h r o m a t o g r a m s  of the mix tu re s  of acids  f rom the monoglycer ide  fract ion 
and the combined d i -  and t r ig iyce r ide  f rac t ions  of hydro lyza tes  of all  the oils,  we found that the keto hy-  
droxy ac ids  appea red  predominant ly  in the monoglycer ide  fract ion,  which co r r e sponds  to the fl-posit ion of 
the keto hydroxy ac ids  found in the t r ig iyce r ides .  

The resu l t s  of the invest igat ion have shown that  the oil of the perennial  S. n igra  can be r ecommended  
for  t r ia l  as  a raw m a t e r i a l  for  the p repa ra t ion  of va rn i shes  and paints ,  including a r t i s t s '  m a t e r i a l s .  The 
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TABLE 1. T r i g l y e e r i d e  Composi t ions  of the Oi ls  

$. Composition of the ttiglycerides, mole % 
Triglyc- L. num- 
eride chenauBii S. nigra mulariifolia A. cor),mbosa 

PPP 
PPO 
PPL 
POP 
PO0 
POL 
PLP 
PLO 
PLL 
OPO 
OPL 
000 
OOL 
OLO 
OLL 
LpL 
LOL 
LLL 

0,05 
0,14 
1,01 
0,07 
0,17 
1,27 
0,68 
1,76 

12,77 
0,09 
1,31 
0,11 
1,64 
1,13 

16,52 
4,11 
5,15 

52,48 

0.17 
0,34 
2,23 
0,11 
0,24 
1,50 
1.08 
2,21 

14.24 
0,15 
2 23 
0,10 
1.49 
0,98 

14,27 
7,28 
4,89 

46,49 

0,17 0,11 
0,49 0,72 
2,15 2,61 
0,14 0,11 
0,39 - 0,69 
1,71 2,52 
1,03 0,44 
2,92 2,80 

12,96 10,21 
0,28 0,58 
2,98 4,48 
0,22 0,57 
2,37 4,33 
1,66 2,30 

17,94 17,53 
6,75 8,50 
5,36 8,21 

40,48 33,29 

I II I lI 1 I 11 1 I1 

Gl~ B 0,05 0.06 0.17 0,17 0,11 0.20 0,17 0,17 
GISZu 1,90 1.98 3,81 3,83 3,88 4,17 :.~,76 3,78 
GISUZ 21,48 21,31 27,31 27,94 29.78 28,91 27.85 27,81 
G1U s 76,57 67,97 76,65 68.0o 66,23 68,24 66,72 68,22 

Note. I - r e s u l t s  of enzymat ic  hyd ro lys i s ;  II - r e -  
sul ts  of ca lcula t ion by the law of random dis t r ibut ion;  
P - s a tu ra t ed  ac ids ;  O - monoenic ac ids ;  L - polyenie  
ac ids .  

oil  of L. nummula r i i fo l i a  can be used  in the pha rmaceu t i ca l  indus t ry  a s  a source  of l ino le ic  ac id  - for  ex -  
ample ,  in the manufac ture  of p r e p a r a t i o n s  for  lower ing  the cho les te ro l  content in the blood and for  t r ea t ing  
rad ia t ion  and hea t  burns and o ther  skin l es ions .  

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

The IR s p e c t r a  were  taken on a UR-10 in s t rumen t  in a thin l aye r ,  and the UV s p e c t r a  on a Hitachi 
spec t rophotorne te r  in hexane and 96% ethanol a t  concent ra t ions  of 0.1-0.2 mg/ rn l .  

The e l e m e n t a r y  a n a l y s e s  of the b r o m i d e s  co r re sponded  to the ca lcu la ted  f igures .  The mel t ing  points 
a r e  not c o r r e c t e d .  

The oi ls  were  ex t r ac t ed  in the cold with l ight  pe t ro l eum e ther .  

The m i x t u r e s  of fatty ac ids  and unsaponi f iab les  f rom the oi ls  and f rom f rac t ions  of the hydro lyza te  
were  i so l a t ed  by cold saponif icat ion with 1 N KOH in methanol  and the decomposi t ion  of the po ta s s ium 
soaps  under  a l a y e r  of diethyl  e the r  with 15% hydroch lo r i c  acid.  The m i x t u r e s  of ac ids  were  e s t e r i f i e d  
with d iazomethane .  

The g a s - l i q u i d  ch romatography  of the m i x t u r e s  of methyl  e s t e r s  was p e r f o r m e d  on UKh-2 and 
LKh_M-7A ch roma tog raphs  with columns 2.5 m long and 0.4 cm in d i a m e t e r .  The sol id  phase  was INZ-600 
(60 mesh) ,  the l iquid phase  was poly(efhylene succinate)  in an amount  of 17%, and the c a r r i e r  gas  was he -  
l ium a t  a ra te  of flow of 80-90 m l / m i n .  

The t r i g l y c e r i d e s  were  hydro lyzed  by a modif ied  method us ing panc rea t i c  l i pase  f rom cat t le  p a n c r e -  
a t i c  gland [6]. The m i x t u r e s  of fat ty ac ids  were  s epa ra t ed  by paper  ch romatography  [8]. 

F o r  t h i n - l a y e r  chromatography ,  ac t iva ted  KSK s i l i c a  gel  (150 mesh)  and ce l lu lose  were  deposi ted  on 
p l a t e s  by the wet method.  F o r  the sepa ra t ion  of the monoglyeer ide  f rac t ion  of the hydro lyza te  f rom the 
combined d i -  and t r i g l y c e r i d e  f rac t ion we used  5% of gypsum and the diethyl  e t h e r - l i g h t  pe t ro leum e the r  
(9 : 1) sys t em.  The m i x t u r e s  of C 1 - C  6 d i ca rboxy l i c  and monoca rboxy l i c  ac ids  were  s e p a r a t e d  in the form 
of the ammonium sa l t s  on ce l lu lose  in the e t h a n o l - a m m o n i a - w a t e r  (20 : 30 : 2) sys t em.  The b r o m i d e s  
were  i so l a t ed  f rom the m i x t u r e s  of fat ty  ac ids  of a l l  the oi ls ,  and the hexabromine  and t e t r a b r o m i n e  num-  
be r s  were  de te rmined ,  by a handbook method [9]. 
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The destructive oxidation of the mixtures of fatty acids was performed by the periodate-permanganate 
method [10]. 

The drying propert ies  of the oils were determined in the presence of 1.5% of red lead as the siccative 
in the light at 20 and 30°C. Linseed oil was used as standard. 

SUMMARY 

The fatty-acid and triglyceride compositions of the oils of the seeds of four species of Central Asian 
representatives of the family Caprifoliaceae have been studied. A great diversity of the fatty acids in the 
oil of Sambucus nigra has been established; this differs from the other oils studied by a high content of 
linolenic acid (more than 30%). It has been shown that the distribution of the acyl radicals in the tr iglyc- 
erides corresponds to the law of random distribution. All the oils contain about 1-2% of hydroxy keto a c i d s  
occupying the t-posi t ion in the tr iglycerides.  
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