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A number of studies have been devoted to the investigation of the oxidation of retinol es ters  (vitamin A) 
and the possibility of stabilization of these compounds by additions of various inhibttors [1-6]. In this case,  
the most  varied systems have been used as the medium in which oxidation was conducted - from fish oil [1 ] 
tO n-decane [3]. Since solutions of vitamin A es ters  in vegetable oil are among the drug forms of vitamin A, 
data on the stability precisely  of such systems are of special interest.  Recently a method was proposed for 
the accelerated investigation of the stability of oil solutions of rettnol es te rs ,  and used tO study the oxidation 
of retinyl acetate in soybean oil and the influence of various inhibitors on this process  [5 ]. This method is 
simple, and its use is especially advisable in the investigation of comparatively dilute solutions (with activity 
up tO 300,000 IU/g). However, for more  concentrated solutions (500,000 and 1,000,000 IU/g), the differences 
between the propert ies  of the investigated system under conditions of accelerated aging and under standard 
conditions of storage are increased. Moreover,  the accelerated method described in [5] is not suitable for 
evaluating the influence of tnhibiters on the stability of solid samples. In view of this, we have developed a 
new method, a peculiari ty of which is the possibility of model study of oxidation processes occurring in sys-  
tems with a high content of retinol es ters  (oil solutions with an activity of 500,000 IU/g and higher and pure 
substances). 

In this work we studied the antioxtdant activity of two inhibitors - butylhydroxyteluene (BHT; 2,6-di-  
tert-betyl-4-methylphenol) and butylhydroxyanisole (BHA; a mixture of 2-  and 3-tert-butyl-4-methoxypbenol 
with a predominant content of the 3- i somer  [7]) - in processes of oxidation of retinyl pahnitate and retinyl ace-  
tate. 

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

Retinyl acetate with mp 59.0-59.5 ~ produced by special purification of the preparation [8], was used. 
Retinyl palmitate was produced by transesterff icat ion of retinyl acetate with methyl palmttate in the presence 
of sodium methylate. It was purified by chromatography on a column with neutral aluminum oxide. The pur i -  
fied retinyl palmitate is character ized by an absorption band in the UV spectrum with Area x = 30,700 cm -1 and 
E~%cm = 970+ 5 (in n-hexane; according to the l i tera ture  data [9], E]%cm = 975). 

The samples to be oxidized were films applied on quartz plates, the thickness of which varied from 
~0.2 to ~1.0 P, depending on the concentration of the retinyl ester .  The course of the oxidation was followed 
according to the decrease  in the continuously recorded optical density at the maximum of the absorption band. 
The methods of producing the films and their  oxidation were described in [6, 8]. The time from the moment 
of admission of oxygen to the system until the beginning of oxidation was taken as the value of the induction 
period. The oxidation of films with a rettnyl palmitate concentration 0.525 mole/kg (500,000 1U/g), as well 
as films with a retinyl palmitate concentration of 1.050 mole/kg and an inhibitor content of more than 10 -~ 
mole/kg,  was conducted by a somewhat modified method: Plates  with films applied on them, fastened inspecial 
holders,  were exposed to an atmosphere of oxygen in an air-fi l led constant-temperature chamber,  periodically 
measuring the optical density. In all cases the oxidation was conducted at 25 ~ and an oxygen pressure above 
200 mm Hg, since under these conditions the induction period does not depend on PO2. 
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Fig. 1. Dependence of the induction per iod (~) 
of  the inhibited oxidation of re t inyl  pa lmi ta te  
in soybean oil at  25 ~ on the composi t ion  o f  the 
inhibiting mix ture .  Concentrat ion of re t inyl  
pa lmi ta te  1.050 m o l e / k g  (1,000,000 IU/g); 
s u m m a r y  concentra t ion of inhibi tors  0.02% by 
weight.  Dotted line: durat ion of the incubation 
per iod  in the absence  of the inhibitor.  

Fig. 2. Influence of the inhibi tor  concent ra t ion  
(C) on the durat ion of the induction per iod  iT) 
of the oxidation of re t inyl  pa lmi ta t e  (1.050 mole /kg)  
in soybeam oil at 25 ~ 1) BHT; 2) BHT + BHA 
(weight ra t io  65:35). 

R E S U L T S  A N D  D I S C U S S I O N  

It is known that  BHT and BHA are  effect ive inhibi tors  of oxidation and a re  widely used to inhibit the 
oxidation of v a r i o u s  compounds [7 ], including ret inol  e s t e r s  in medic ina l  p r epa ra t i ons .  Data  on the c o m p a r -  
at ive ef fec t iveness  of the inhibition of the oxidation of dilute (0.105 mole /kg)  solutions of re t inyl  ace ta te  in 
soybean oil by these  inhibi tors  w e r e  obtained in [5 ], in which i t  was shown that in this s y s t e m  BHT inhibits 
oxidation m o r e  ef fect ively  than BHA. 

As can be seen  f r o m  Fig. 1, an analogous cu rve  is obse rved  for  concent ra ted  solutions of re t inyl  p a l m i -  
t a te  in soybean oil as well .  M o r e o v e r ,  when the two inhibi tors  a re  used together ,  a dis t inct  synerg i s t i c  effect  
i s  observed .  The deviat ion of the exper imenta l  points f rom a s t r a igh t  line in Fig. 1, cha rac t e r i z ing  the dev i -  
at ion f r o m  addit ivity,  is a m a x i m u m  at  a mole  ra t io  of BHT:BHA in the mix tu re  of 0.6:0.4 (synergis t ic  m i x -  
ture)  and a s u m m a r y  concent ra t ion  of them of (9.0-9.7) �9 10 -~ m o l e / k g  (0.20% by weight). Thus ,  although in 
th is  s y s t e m  BHA is a l e s s  effect ive inhibi tor  than BHT, its use  as a component  of the inhibiting mix tu re  does 
not  lead to a d e c r e a s e  in its e f fec t iveness  in c o m p a r i s o n  with BItT alone, with a r e l a t ive  weight  content  of 
BHA all the way up to 0.55 (see Fig. 1 ). 

The re la t ive  e f fec t iveness  of the inhibition of p r o c e s s e s  of oxidation of re t inol  e s t e r s  by BttT, BHA, and 
t he i r  mix tu res  depends on the concent ra t ion  of all the components  of the reac t ion  sy s t em.  As can be seen  
f r o m  Fig. 2, f o r  an oil solution of re t inyl  pa lmi ta te  with concentra t ion  1.050 mo le /kg ,  the ef fec t iveness  of BHT 
and a syne rg i s t i c  mix tu re  is the s a m e  when the concentra t ion of the inhibi tors  is va r i ed  f rom ~4 .5  �9 10 "~ to 
2,8 �9 10 -3 m o l e / k g .  However ,  fo r  solut ions with a lower  re t inyl  pa lmi ta t e  concentra t ion  and a higher  concen-  
t r a t ion  of the inhib i tors ,  the syne rg i s t i c  ef fec t  i n c r e a s e s  sharp ly  (Fig. 3). Moreove r ,  the re la t ive  e f fec t ive -  
n e s s  of BHT and BBA v a r i e s  as the i r  concent ra t ion  and the concentra t ion  of the ret inol  e s t e r s  inc rease .  
Thus ,  at  concent ra t ions  of the o r d e r  of 10 -3 mo le /kg ,  BHT is a m o r e  effect ive inhibi tor  of the oxidation of 
re t inol  e s t e r s  in oil solutions than BHA; at inhibi tor  concent ra t ions  of the o r d e r  of 2 .5 -10  -z m o l e / k g ,  the i r  
e f fec t iveness  is p r ac t i c a l l y  the s a m e  (see Table  1), while in the oxidation of 100% ret inol  e s t e r s ,  BHA is a 
m o r e  effect ive inhibi tor  (Fig. 4). In an invest igat ion of the oxidation of dilute solutions of re t inyl  aceta te  in 
an ine r t  so lvent  (n-decane),  i t  was also es tab l i shed  that  BHA is a m o r e  effect ive inhibi tor  than BHT [5]. 

The  r e su l t s  obtained can be explained on the bas i s  of the ava i lab le  concepts  of the reac t iv i ty  of phenolic 
inh ib i te r s  used  and the phenoxyl rad ica l s  co r respond ing  to them in reac t ions  of inhibited oxidation. The gen-  
e r a l  scheme  of the p r o c e s s  of inhibited oxidation takes the following fo rm:  
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Fig. 3. Dependence of the induction periods (r) 
of the inhibited oxidation of retinyl palmitate 
in soybeam off on file cdncentration of the in- 
hibitors (C) at 25* and a refinyi palmitate con- 
centratio n of 0.525 mole/kg. 1) BHT; 2) BHT + 
BHA (weight ratio 65:35), 

Fig. 4. Dependence of the induction period (r) 
of the inhibited oxidatiofi of retlnol esters at 
25 ~ on the composition of the inhibiting mixture 
of BHT-BHA. 1) Retlnyl acetate, total concen- 
tration of inhibitors ~ 3.1.10-! m01e/kg; 2) 
retiny ! palmitate, total concentration of inhib- 
itors 4.8.10-3 mole/kg. 

RH --~ 2R. (1) 

~.§ ~_u' Ro; (s 
RO;+RH k---L. RO..H'--R' (3) 

ROAR' 
2RO; k__~, product (4) 

kj 
RO~+InH : :: RO..Hmln - (5,--5) 

k - -  6 

In'+RO~ ~k' product ( 6 )  

2In" ~k '  product (7) 

In+RH ~k'  InHWR' (8) 

In'+R'H ,k'.) InH--'R'" (8') 

In'+In'H ~k) lnH~In", (9) 

RO~-+-In'H ~k'* ROoH+In". (10) 

ln'+In'" ~ InH+ product (11) 

ROi--In'" - ~  product (12) 
Here ~ = BHA, In'H = BHT, RH is a retinol ester ,  and R'H represents the components of vegetable oil con- 
taining labile hydrogen atoms. BHA, containing primarily 3-tert-butyl-4-methoxyphenol, is a sterically un- 
hindered phenolic inhibitor; BHT is a sterically hindered phenol. 

It is known that 2-tert,butyl-4-methoxyphenol [10 ], like unsubstituted 4-methoxyphenol [11 ], is a sub- 
stantially more effective inhibitor of liquid-phase oxidation than 2,6-di-tert-butyl-4-methylphenol. This fact 
agrees with the data cited above on the inhibition of the oxidation of retinyl acetate and rettnyl palrnitate by 
BHT, BHA, and their mixture (see Fig. 4, Table 1). It can be assumed that the unhindred 3-tert-butyl-4- 
methoxyphenoxyl radicals formed from BHA according to reaction (5) are capable of participating in reactions 
of chain transfer (-5),  (8) and (8') (analogously to the 4-methoxyphenoxyl radicals [11 ]). As a result,  reaction 
(5) does not always lead to termination of the kinetic chain of oxidation, and the average number of inhibitor 
molecules corresponding to one event of chain termination increases. But this in turn leads to a shortening 
of the induction period. The magnitude of this effect should depend on the ratio of the constants k3/k8, k3/~,  
k3/k' 8 and thera t io  [RH]/[R'HL 

102 



TABLE 1.. Rela t ive  Ef fec t iveness  of the Inhibition of Oxidation of 
Retinol E s t e r s  by BBT, BHA, mad T h e i r  Mixtures  

P~tino 1 con- 
ystem being centration, 

oxidized moles /kg  

Solution of ret inyl 
pa lmi ta te  in  
soybean oil  

The same 

Solution of ret inyl  
palrai ta te  in 
soybean oil 

The same 

Solution of retinyl 
palmitate in 
soybean oil  

The same 

l~ t iny l  pa lmi ta te  

Retinyl ace ta te  

0,105 

1,0105 

0,525 
0,525 
0,525 

1,050 
1,050 
1,050 
1,050 
1,050 
1,050 
1,050 
1,940 
1,940 
1,940 

3,070 
3,070 
3,070 

Inhibitor concentration,  i 
moles/kg 

BHT BHA 

9,1.10 -'~ 

10-a 

1,14.10 - s  
7,39. l0 - s  4,86. l0 -a  
4,43- 10 -2  2,92- l0 -~ 

9.1.10 -4 
lO-S 

5,91. lO -4 3,89- 10 -4 
2,27.10 -2 

2,77. 10 -z  
1,50.10 -2 2,77. I0 -z  
4,54.10 -2 2,77.10 -~ 
4,78. I0 - s  

4,78.10 - s  
1,90, 10 -a 2,86" I0 - s  

3.18.10 -2 
3,18.10 -~ 

1,22~10 -~- 1,83.10 -~ 

Relative 
~-ffective- 
t'W.~s * 

1,00 

0,17 

1,0 
31 
i:3* 

1.00 
0,62 
1,02 
1,0 
1,0 
2,8 
2,8 
1,0 
2,7 
10,0 

1,0 
3,9 
8,5 

I Note 

According to the 
data of [5] 

According to the 
data o f [5]  

Mole ratio 
BHT:BHA 

"0,4:0,6 

Mole ratio 
BHT:BHA 
=0,4:0,6 

*The re la t ive  i nc r ea s e  in the induction per iod  in the p r e s e n c e  of the 
inhibi tor ,  ca lcu la ted  accord ing  to the f o r m u l a  ( r -  r 0 / ( r -  T0)BBT, 
where  r is the induction per iod  in the p r e s e n c e  of the amount  of the 
inhibi tor  indicated in the table; r 0 is the induction per iod in the ab -  
s ence  of the inhibitor.  
lWith r e s p e c t  to the e f fec t iveness  of BHT at  a concentra t ion  of i t  of 
6.82 "10 -2 m o l e / k g .  

The scheme  outlined is conf i rmed  by the resu l t s  obtained. According to this scheme ,  with increas ing  
BHA concent ra t ion ,  the reac t ions  of chain t r a n s f e r  ( - 5 ) ,  (8), and (8'), in which 2 ,6 -d i - t e r t -bu ty l - -4 -me thy l -  
phenoxy rad ica l s  do not pa r t i c ipa t e ,  should play an eve r  g r e a t e r  ro le  [12 ]. T h e r e f o r e ,  i t  might  be expected 
tha t  in the c a s e  of inhibition of oxidation by BttA o r  a mix tu re  of it  with BHT, the induction per iod will in -  
c r e a s e  m o r e  s lowly with inc reas ing  inhibi tor  concentra t ion than when BIrT is used  alone. As can be seen  
f r o m  Fig. 3, such a p ic ture  is actual ly obse rved ,  and r ~ (.0.45 fo r  a mix tu re  of Bt tT-BHA and r ~ r,0.63 for  "~inh "qnh 
BtIT (r is the induction per iod;  Cin h is the inhibi tor  concentrat ion) .  

The  syne rg i s t i c  effect  exhibited by a BHT--BBA mix tu re  is evidently due to regenera t ion  of the m o r e  
ac t ive  inhibi tor  at  the expense  of the l ess  act ive inhibi tor  (just as in the ca se  of o ther  mix in res  of unhindered 
and hindered phenols  [10, 12]). Assuming  that  the reac t iv i ty  of  BttA in reac t ions  ( - 5 ,  (8), and (80 is no lower 
than the r eac t iv i ty  of 4 -methoxyphenol ,  on the bas i s  of the data c i ted in [10, 12, 13] we have: 

k,>)kloandV5 = k~, IROn] [InH ]))Vlo = kxo [ROil [In'H l 

k / _5<<k9 and V _ s  = k_5  [ I n ' ] [ R O ~ H ) < / ~  V9 ks [ I n ' ] [ I n ' H I .  

Thus,  when a B H T - B H A  mix tu re  is used,  the inhibition of the oxidation p r o c e s s  is due to the in terac t ion  of 
BHA with perox ide  r ad ica l s ,  and BHA is r egene ra t ed  in reac t ions  (9) and (11) ~0 ,  14]: 

O" OH OH O" 

OCH5 OCI I-~ 

(3) 
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O" O' 0 0 Oil 

OOH~ O v~GH C)GH~ 

Since k 0 7, k_s, k s >> ks, and ks >> k's at definite ratios of the components of the reaction mixture, BHA is 
regenerated according to reactions (9) and (11) more rapidly than the phenoxyl radical corresponding to it can 
enter into reactions (-5), (8) or (8!). Therefore, the value of the synergistic effect, as well as the relative 
effectiveness of BHT and BHA, is determined both by th e absolute values of the concentrations of the retinol 
esters, oil, and inhibitors and by their ratios. It is interesting that the introduction of a BHT-BHA mixture 
with a 0.4:0.6 mole ratio of the components into an oil solution of retinyl palmitate leads to the same effect as 
the use of the mixture with a BHT:BIIA ratio equal to ~ 0.6:0.4, but with three times the amount of BIIT (at 
the same BHA concentration, 2.77 "10 -2 mole/kg - see Table 1). Thus, the correct selec~on of the composition 
of the inhibiting mixture can permit a substantial reduction of the inhibitor concentration in the preparation, 
while its resistance Ix) oxidation is preserved. 
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