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been detected so far only in Ficus macrophylla (7) and 
Celtis laevigata (8). The occurrence of 24-methylene-24- 
dihydrolanosterol (8} in higher plants also is rare, and only 
some plants belonging to the families Cruciferae (9} and 
Solanaceae (10) have been known to contain this com- 
pound. The great  majori ty of higher plants are known to 
contain a h~-sterol bearing a saturated 24-ethyl side chain, 
i.e., sitosterol [24a-ethylcholesterol, (24aF17] as the most  
predominant  sterol component  (5,11}. F rom this point of 
view, it  is worth noting here tha t  the two ginseng seed 
oils contain AS-sterols with monounsaturated 24~ethyl side 
chains, i.e., 28-isofucosterol (18} as for P. ginseng seed oil, 
while 24-ethyl-22E-dehydrocholesterol (16} as for P. qui- 
quefolium seed oil, is the most  predominant  sterol com- 
ponent.  The content  of squalene {1) in the unsaponifiable 
lipid and the compositions of sterol fraction could be used 
for differentiation of the seed oils of P. ginseng and P. 
quiquefolium. 
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g, Radiolytic Resistance of DL-a-Tocopherol in Lipid Systems 
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The radiolytic res istance of the DL-a-tocopherol  ir- 
radiated by low (10Srad), medium (10~rad) and high (107rad) 
doses  of  g a m m a  rays at a molar ratio of  1:1, 1:1 X 10 -~ 
and 1:1 X 10 -3 mole  in methy l  laurate, methy l  oleate, 
methy l  l inoleate,  methy l  l inolenate and benzene (chosen 
as  so lvent  media) has  been studied. 

Under the  experimental  condit ions stated,  it has  been 
establ ished that,  contrary to ordinary autoxidation,  the 
unsaturated lipid sys tems  exert a progressive, protective 
effect  on DL-a-tocopherol as the number of double bonds 
increases.  

When the DL-a-tocopherol  was  in a pure state,  for ex- 
ample in benzene and in methy l  esters  of  the fa t ty  acids 
at a molar ratio 1:1, no effect  of ionizing radiation was  
detected. 

I t  has been proved tha t  during the oxidation of lipids the 
stabil i ty of a-tocopherol and its efficiency as an antioxi- 
dant  decrease as the degree of unsatura t ion of the sol- 
vent  medium (1,2) increases. 

The behavior of tocopherols under  autoxidat ion and 
thermal-initiated oxidation of the different lipid systems 
has been invest igated extensively {1-6). Da ta  about  the 
resistance of these impor tant  natural  ant ioxidants  and 
bioregulators against  the ionizing radiat ion do not  have 
a systematic  character;  they concern various lipid 
systems t reated under different conditions and in a 
theoretically undefined tocopherol concentrat ion range 
{7-12). As a result  they cannot  easily be compared and 
interpreted in a uniform fashion. Because of this no 

general  theory  about  the  radiolyt ic  behavior  of 
tocopherols as a function of the degree of unsatura t ion 
of the lipid sys tem has been formulated so far. 

This paper deals with the radiolytic resistance of the 
tocopherols at  a concentrat ion range established at  a 
molar level with chemically defined lipid systems as a 
function of the degree and type of unsaturat ion of the sol- 
vent  medium, namely: 

• Establishing the rate  of destruct ion of the DL-a- 
tocopherol {chosen as a most  characteristic represen- 
ta t ive  of the tocopherol homologs) as well as the 
character  of the radiolytic alterations at fixed molar 
ratios with a given solvent medium as a function of 
the irradiation dose applied. 

• Investigation of the influence of the molar ratio level 
{solvent medium/tocopherol} on the degree of 
radiolytic degradat ion of the tocopherol at a fixed 
degree of unsatura t ion and irradiation dose. 

• Invest igat ion of the influence of the degree and type  
of unsatura t ion of the solvent medium on the 
radiolytic destruction of the tocopherol at given molar 
rat ios and irradiation doses. 

For  the accomplishment of these tasks, methyl  esters  
of fa t ty  acids with a progressively increasing number  of 
double bonds and a benzene Ias a model of a polyun- 
saturated type of resonance stabilized system) have been 
chosen as solvent media. 

The t rea tment  has been carried out  in liquid phase by 
low, medium and high doses of gamma rays  under condi- 
t ions  des igned  to  c lose ly  a p p r o x i m a t e  n a t u r a l  
surroundings. 
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EXPERIMENTAL PROCEDURES 

Mixtures of methyl  esters of lauric acid, oleic acid, linoleic 
acid, linolenic acid and a benzene (Merck, pur i ty  99% and 
A.R. grade) with DL-a-tocopherol (Fluka; pur i ty  98%) in 
molar rat ios 1:1, 1:1 × 10 -~ and 1:1 × 10 -~ mole have been 
used for these invest igat ions.  

For irradiation, 5 g of these mater ia ls  were sealed in 
10-ml glass ampoules  in an air a tmosphere  and exposed 
to g a m m a  rays  f rom the 6°Co source (dose rate: 
5000 R6/min). The specimens received doses of 10 ~, 106 
and 10 ~ rad (the doses absorbed were controlled by  
dosimeter) at  20 C. 

To es tabl ish  the  i rradiat ion effect, all samples  were 
kept  under  dry ice refr igerat ion after  exposure and were 
analyzed immedia te ly  af ter  the re turn  sh ipment  to  our 
laboratory.  Nonirradia ted duplicates of all samples  were 
t rea ted  absolutely identically and analyzed in parallel 
with the specimens irradiated. 

After  p repara t ive  isolation by  means  of TLC on Silica 
gel G {Fluka) and mobile phase-n-hexane/diethyl  e ther  
(7:3, v/v), the contents  of DL-a-tocopherol  were spec- 
t rophotometr ica l ly  determined (13). The resul ts  (the 
ave r age  f rom three  paral le l  m e a s u r e m e n t s )  were  
calculated from the s tandard  curve (obtained by perform- 
ing the same procedure as described above) of known con- 
centrations of the DL-a-tocopherol. The relative s tandard  
deviat ion (S,  %) of the method varied a t  concentrat ions 
of the tocopherol of 1 to 8 t~g/ml (n = 9) within the range 
of 2.6 to 1.4%. 

The effect of i rradiat ion (the degree of radiolytic 
degradation) on the tocopherol  in the samples  given was 
expressed in relative percents compared to its concentra- 
tion in the respective,  nonirradiated control duplicates.  

Peroxide contents were determined iodometrically {14). 
The determinat ion of the carbonyl compounds was car- 

ried out  according to the  methods  o~ Henick et  al. (15) 
and Chipault  et al. (16}. 

The electronic spectra of the samples (220-350 nm} were 
recorded on a Specord UV-VIS (Karl Zeiss) spec- 
t ropho tomete r  in isooctane. 

The infrared spect ra  (1000 - 900 cm -~) were recorded on 
a Perkin Elmer  Model 337 spec t rophotomete r  in carbon 
disulfide solutions of the specimens. 

RESULTS AND DISCUSSION 

Under  the exper imental  conditions s tated,  no peroxides 
and only t races  of carbonyl  compounds  were detected in 
the  i r radiated samples.  No change in the  quant i t a t ive  
ul traviolet  and infrared character is t ics  of the specimens 
was regis tered af ter  t rea tment .  According to the infor- 
mat ion  thus summarized,  the effect of the oxidative at- 
t ack  evident ly  was negligible. Thus,  it could be assumed 
tha t  predominant ly  radiolytic types  of reactions were 
t ak ing  place in the sys t ems  invest igated.  

The experimental  da ta  indicate tha t  the irradiation with 
g a m m a  rays  provokes  radiolytic destruct ion of the 
tocopherol only in the samples  (excluding the benzene) 
where the molar  rat io is 1:1 X 10 -5 and 1:1 X 10 -3 mole 
(Table 1). The effect of irradiation increases with the dose 
and is expressed mos t  s t rongly in methyl  oleate, decreas- 
ing progress ively  f rom methy l  linoleate toward  methy l  
linolenate (Figs. 1 and 2). In  any case, the effect of irradia- 
tion in methyl  laurate  is lower than  tha t  in methyl  oleate, 
bu t  it is more s t rongly  expressed  than  t ha t  in methy l  
linoleate. The only exception was noted in the specimen 
of methy l  l inolenate/tocopherol = 1:1 X 10 -5 mole a t  
106 rad, where the effect of i rradiat ion exceeds tha t  
p roven  for the methy l  laura te  a t  the same dose and the 
molar  rat io  wi th  the tocopherol. 

A compar ison of these  da ta  wi th  the resul ts  shown in 
Table 2, however, shows tha t  under  the influence of the 
uni t  energy absorbed (100 eV), the degradat ion  of 
tocopherol (as absolute value) regularly decreases on in- 
creasing the unsa tura t ion  of the solvent medium. The 
case where the methy l  laurate  was a t  a molar  rat io  1:1 X 
10 -2 mole with the tocopherol should be pointed out as 
the  only exception to  this tendency. Thus,  while for the 
molar  rat io  1:1 X 10 -3 mole, at  10 ~, 10 ~ and 10 ~ rad, the 
degradat ion of tocopherol in the methyl  laurate  is respec- 

TABLE 1 

Radiolytic Degradation of the DL-a-Tocopherol 

Molar DL-z-tocopherol concentration tmg/g) in 
Dose ratio 
(rad) slv/tph Methyl laurate Methyl oleate Methyl linoleate Methyl linolenate Benzene 

1:1 2.01 X 102 1.45 X 103 1.46 X 103 1.47 X 103 5.52 X 103 
0 1:1 X 10 -2 20A2 14.50 14.63 14.72 55.22 

1:1 X 10 -3 2.01 1.43 1.44 1.45 5.52 

1:1 2.01 X 10 ~ 1.45 X 103 1.46 X 103 1.47 X 103 5.52 X 103 
10 "~ 1:1 X 10 -2 19.46 13.58 13.82 14.34 55.22 

1:1 X 10 -3 1.84 1.28 1.33 1.35 5.52 

106 

107 

1:1 2.01 X 103 1.45 X 103 1.46 X 103 1.47 X 103 5.52 X 103 
1:1 X 10 -2 18.60 11.40 12.01 12.75 55.22 
1:1 × 10 -~ 1.38 0.96 1.02 1.15 5.52 

1:1 2.01 X 103 1.45 X 10 ~ 1.46 X 103 1.47 X 103 5.52 X 103 
1:1 X 10 -2 14.42 8.24 9.18 11.16 55.22 
1:1 X 10 -3 0.00 0.00 0.08 0.43 5.52 
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t ive ly  13.1%, 26.7% and  28.6% higher  t h a n  t h a t  in the  
m e t h y l  oleate, for the  mola r  ra t io  1:1 × 10 -2 mole  the  
rad io ly t ic  processes  in  the  same m e d i u m  seem to  ap- 
p roach  some cr i t ical  levels  on inc reas ing  the  energy  ab- 
sorbed. A t  10 ~ rad the  l a t t e r  effects in m e t h y l  l aura te  and  
m e t h y l  oleate are approx imate ly  balanced.  The difference 
is on ly  11.5%. {This needs  fur ther ,  ex t ens ive  inves t iga -  
t ion  and  canno t  be discussed only  on the  bas i s  of the  da ta  
p r e sen t ed  here.) 

Unde r  the  specifically chosen condi t ions,  a t  molar  ra t io  
1:1 mole wi th  m e t h y l  es te rs  of the  f a t t y  acids as well as 
in  all cases where  the  benzene  was the  so lven t  med ium,  
the  tocopherol  does no t  u n d e r g o  s u b s t a n t i a l  r ad io ly t ic  
des t ruc t ion .  
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FIG. I. Irradiation effect on DI~a-tocopherol as a function of the 
dose applied in methyl laurate (A); methyl oleate ((5); methyl l inoleate 
(e); methyl linolenate ([2) and benzene (X) at (a) molar  ratio l : l  X 
10 -2 mole and (b) molar ratio 1:1 X 10 "~ mole. 

W i t h i n  the  r a n g e  of s e ns i t i v i t y  of the  ana ly t i ca l  
method ,  no rad io ly t ic  changes  in  the  pure  s t a t e  of 
tocopherol  (regardless  of the  dose applied) were proven.  

The  ca lcu la ted  i r r ad ia t ion  yie lds  ( - G  values)  demon-  
s t r a t e  the  presence  of a c o n c e n t r a t i o n  effect and  p rove  
t ha t  the radiolytic processes do no t  have a chain character  
(Table 2). Cons ide r ing  th i s  da ta ,  i t  is poss ib le  to  exp la in  
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FIG. 2. Irradiation effect on DL-a-tocopherol as a function of the  
unsaturat ion  of the  so l ve n t  medium at molar ratio 1:1 mole (X); 1:1 
X 10 -z mole (A), and 1:1 X 10 -~ mole (O) at (a) l0 s rad; (b) 10 4 rad 
and {c) 10 7 rad. 

TABLE 2 

Irradiat ion Yields (--G Values) of the DL-a-Tocopherol 

Molar Number of molecules DL-a-tocopherol destroyed/100 eV in 
Dose ratio 
(rad) slv/tph Methyl laurate Methyl oleate Methyl linoleate Methyl linolenate Benzene 

10 ~ 

I0 ~ 

10 ~ 

1:1 0.00 0.00 0.00 0.00 0.00 
1:1 X I0 -z 13,47 19.15 16.53 7.72 0.00 
1:1 × 10 -3 3.52 3.06 2.23 1.96 0.00 

1:1 0.00 0.00 0.00 0.00 0.00 
1:1 X 10 -2 3.10 6.46 5.46 4.11 0.00 
1:1 × 10 "~ 1.31 0.96 1.08 0.64 0.00 

1:1 0.00 0.00 0.00 0.00 0.00 
1:1 X 10 -2 1.16 1.31 1.14 0.74 0.00 
1:1 × 10 -3 0.42 0.30 0.28 0.22 0.00 
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the destruct ion of tocopherol only par t ia l ly  by  the possi- 
bility of a direct g a m m a  quantum radiolyses, which in this 
case should have been proportional to the tocopherol con- 
tents  in a unit  volume of the respective medium. A similar 
deduction could be correct  only in the  case where no in- 
teraction reactions between the tocopherol molecules and 
the radiat ion ac t iva ted  molecules of the solvent  med ium 
take place. I f  there is no specific reflective influence by  
the solvent medium, the G values m u s t  be cons tan t  
regardless  of the dose, i.e. the number  of radiolyzed to- 
copherol molecules in a unit  volume wilt increase linearly 
with an increase in the  quan t i ty  of absorbed energy. Bu t  
it is the dependency of G on the dose {under other  equal 
conditions) tha t  indicates the tocopherol  radiolysis has 
been provoked mainly by  interact ion reactions wi th  the 
ac t iva ted  solvent  molecules. The high radiolytic resist- 
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FIG. 3. Irradiation effect on DL-a-tocopherol as a function of its 
concentration in methyl laurate (/~); methyl oleate (O); methyl  
linoleate (e); methyl  linolenate ([:]), and benzene IX) at (a} 10 5 rad; 
(b) 10 6 tad, and {c} 10 7 rad. 

ance of the tocopherol in a pure s ta te  (or dissolved in 
benzene}, as well as the increase of the irradiat ion effect 
(at a given dose) on decreasing the tocopherol relative con- 
ten ts  {Fig. 3) in the solvent sys t ems  (excluding the 
benzene) suppor t  the above s ta tement .  Whereas  the 
degree of the pos tu la ted  interact ions for the medium 
value concentrat ions passes  th rough  a m a x i m u m  at  the  
methy l  oleate, for the molar  rat io  1:1 × 10 .3 mole (as 
s ta ted  above), it decreases progressively from the methyl  
lanrate  toward the methyl  linolenate, reaching a t  107 rad 
the min imum value of - G  -- 0.22 for this medium 
(Table 2). Thus, the effect noted is both  concentration and 
energy dependent. Such a regular i ty  could be interpreted 
by  the proceeding of compet i t ive  (to the  tocopherol 
radicals) processes of recombination between the solvent 
medium radicals. Moreover,  the format ion of resonance- 
stabilized s t ruc tures  which could indirectly pro tec t  the 
tocopherol through redistribution of the absorbed energy 
(as a function of the unsa tu ra t ion  degree) is quite prob- 
able. The exper imental ly  proven fact  tha t  the initially 
established contents of t r a n s  isomers in the methyl  oleate 
{0.9%), of conjugated dienes in the methyl  linoleate {0.3%, 
as a t r a n s - t r a n s  form} and conjugated  dienes (0.5%, as a 
t r a n s - t r a n s  form) as well as trienes (0.1%, as a t rans - t rans -  
t r a n s  form} in methy l  linolenate do not  undergo any 
changes at molar ratio 1:1 × 10 .2 and 1:1 × 10 -3 mole with 
the tocopherol, regardless of the dose, supports  the lat ter  
assumption.  The full absence of i rradiat ion effect in 
benzene, which is in i tself  a resonance-stabil ized s y s t e m  
of double bonds,  serves as another  proof as well. 
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