
PREPARATIVE -lJSIN-LAYER CHROMATOGRAPHY OF THE OXIDATION 
PRODUCTS OF -ACETATE 

SUMMARY 

Preparative thin-layer chromatography was applied to the separation of retinyl 
acetate degradation products obtained in the accelerated lipid oxidation test (Schwa! 
method). Fourteen substances were separated by repeated developments using silica 
geI HR plates (3 mm) and the mobile phase hexane-diethyl ether in ratios 95:5 to 
10~90. The isolated substances were characterized by their W spectra, RF values 
and the colours during detection with a 366 nm lamp. 

INTRODUCXION 

The oxidation products of vitamin A (Winy1 acetate and retinol) have a Iower 
biological activity than the original substance. However, they absorb or emit radiation 
in the anaiytical spectral range and therefore interfere in the spectral (vv and visible 
absorption spectroscopic and guorimetric) determination of vitamin A. Chromato- 
graphy must therefore often be used as a preliminary technique to isolate the active 

- substance for further spectral evaluation. 
Degradation of retinol and retinyl esters during the chromatographic separa- 

tion caused by the effect of adsorbent and solvents’, IigbW and oxidation4 limits 
the application of paper and thin-layer chromatography_ The recovery of ret&r01 is 
only CCL SSxs, even from thin layers impregnated with a phenolic antioxidant_ The 
degradation is slower on columns. R&no1 was thus separated for its tiuorimetric6 
and coIorimetric7 determinarion- Nevertheless, both column and gel permeation 
chrom~ograph~ faikd in the separation of the oxidation products of rctinol. High- 
performance liquid chromatography (HPLC) can doubtlessly offer interesting results. 
The method has been appkxi to the separation and determination of retinol and its 
esters in the mixtures of lipophilk tiiamins in drugsgal and foodstuEslo~lx. Vitamin A 
compounds perta&ng to the visual cycle (geometric isomers of retinyl esters, retinal 
and retin~i~ and cis-trmrs isomer&z retinals~) have been determined by HPLC. They 
cadd not be separated by other chromatographic methods. Geometric isomers of 
retinoic acid and methyl retmoat@+ were anafysed successfkhy in the presence of 
aromatic rdnoic acid analogue and retinoic acid &omers~ in biological &ids after 
~~~~ouSa~~i~tio~of1~~~-retinoicacid. Reversed-p~aseHPL~“yieldeda 
rapid separation of subsha ti& vitamin A a&vi@ in mixturs (retino~-retinoic 



acid)_ However, no fractionation of retinol or retinyl ester oxidation products by 
HPLC has been described so far_ 

We have therefore concentrated on the selection of optimal procedures for 
the isolation of oxidation products resulting in a standard preparation containing 
50% of retinyi acetate, commonly used for the enrichment of foodstuEs with vitamin 
A, using the conditions of model lipid oxidation, i.e., the Schaal method. We used 
preparative thin-layer chromatography for this purpose. 

Retinyl acetate was a 50% oily preparation (Sociite de Chimie Organique et 
Biologique, Commentry, France). Silica gel HR (reinst nach Stahl) was obtained 
from Merck (Darmstadt, G.F.R.). Solvents were of either reagent grade or UJ 
spectrometry grade. 

Apparatus 

A Unicam SP-700 spectrophotometer (Pye Unicam, Cambridge, Great Britain) 
and a Camag universal Uv lamp (366 run) (Camag, Muttem, Switzerland) were used. 

Model oxidation of retinyZ acetate 
Retinyl acetate was oxidized in a l-cm layer in the dark at 60” with free access 

of air until the concentration of the active substance was reduced to 5-10°k of the 
original value_ The course of oxidation was followed by W spectrometry” and 
colorimetry*8~‘9_ 

Chromatography 
Plates (20 x 20 cm) with Emm layers of silica gel HR were dried for 24 h in 

air and activated for 1 h at 120”. The sample (l-1.5 g in chloroform) was applied and 
the plate was immediately (before complete drying of the solvent) placed in the 
developing chamber and developed with n-hexane-diethyl ether (955 to lz9, depen- 
ding on the polarities of the separated substanccs) for 50-60 mm in the dark. Detection 
was carried out before the solvents had evaporated. The separated zones were trans- 
ferred into flasks with chloroform or chloroforn-methanol, again depending OQ the 
polarities of the subs-%mes. Extraction from the silica gel was wormed by stirring 
for 10 mm in the dark and by tiltration and washing of the silica gel with chloroform- 
methanol. The isolated substances, after the evaporation of the solvents at 40” in the 
dark, were used for further chromatographic purit%ation or for spectral analysis- 
Multipie development of one plate was impossible owing to degradation on the dry 
adsorbent. 

RESULTS AND DISCUSSION 

The pure fractions of oxidized products were obtained by the system shown 
schematically in Fig. I and Table I. The optimal procedure was as follows. The 
oxidized retinyl acetate was first separated into fractions l-5 by preparative thin- 
iayer chromatography using n-hexane-diethyl ether (9:l). The RF vdw.s and UV 
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c~ristics of these main fractions are summarized in T2ble I. A&hot@ the 
zozxes of these fractions were not well resolved, the efficiency of this separation was 
2pp2nat fkm the W spectra (unseated oxidized retinylacet2te, maximum at 

285 nm, shoulder at 325 nm; fractions 1, 2 and 3, RF = 0.00-0.10, O.lCM.30 and 
0.304.55, respectively, maximum at 285 nm; fraction 4, RF = 0.55-0.85, maximum 
at 325 nm; ftion 5, RF = O.SS-1.00, triplet at 351, 372 2nd 392 nm). 

The 2bsorption bands of hctions l-5 were well resolved; those of the latter 
two corresponded to retinylacet2~ and anhydroretinol, respectively. The combined 
recovery of the sample w2s 95-lOOok. The recovery of unoxidized retinyl acetate 

(control) that was developed and eluted from the plate was 93-97 % (according to the 
absorptivity at 325 nm) under the above conditions (aIZ operations carried out in the 
dark, no contact with dry adsorbent, high concentration of the substance on the 
plate). 

Fractions l-5 were then subfractionated and the subfractions purified by 
repeated preparative thin-layer chromatography. The solvent ratio was chosen so 
that the RF value of the main substance in the final development was ca. 0.5. The 
number of developments depended on ffie weight of the fnxtion 2nd its purity. The 
procedure was terminated when the eluted subfraction represented 90-95x of the 
sample applied to the plate and formed one clearly resolved zone with the RF value 
given in Table I. The detailed subfractionation procedure was as follows. 

Fraction 1 was subfractionated with n-hexanediethyl ether (1:9). The first 
development yielded four substances, revealed under W light (366 run) as 2 greyish 
white zone at the start (la, RF = O.OO-O.lO), 2 broad yellow-green zone (lb, RF = 
0.10-0.45b, a narrow yellow zone (Ic, RF = 0.45-0.6s) and a broad yellow-green 
front (ld, RF = 0.65-1.00). Subfractions la and Id were each purified once and sub- 
fractions lb and lc twice by development with n-hexane-diethyl ether (I :9). 

Fraction 2 was f?rst subfractionated with n-hexane-diethyl ether (1:9), yielding 
the same zones as fraction 1, but in different weight ratios. Subfraction 2a was 
developed once and subfraction 2b twice with n-hexane-diethyl ether (1:9), and 
subfractions 2c and 2d each twice with n-hexanediethyl ether (2%). 

OXIDIZED RETINYL ACETATE 

UIXI-URE 
$1 

I 

FRbJZTION 1 FRACTION 2 FRACTION 3 
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1:9 cr9 

2:e 
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1:9 0.10-0_45 
19 0.45-0.65 
I:9 0-65-i -00 

9:l 
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19 
2:8 
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0.10-0.30 
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4% - 
4:6 
6:4 
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6:4 
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0.30-0_55 

0.0.20 
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0.70-I JIO 

0.55-0.85 

6:4 0_15-0.40 
6:4 0.60-0.75 
8~2 0.50-0.60 
812 0.6OXk90 
8~2 0.90-l -00 

9:l 

9rl 
911 
9:l 

955 
95:s 

0.85-l -00 

0.20-0_30 
0_30-0.55 
0.55-0.80 
0.6cm.75 
0.70-1.00 

Pale yeuow 
Gfeyisb white 
Yeuow-gKen 
Ye&w 
Yeuow-&zen 

Yellow 

Greyisbwbite 
Yellow-green 
YeUow 
Yeuow-gRen 

Yeuowlmnge 

Yellow-glun 
Yellow 
YeUow 
orangc-ytuow 
Yellow-green 

YeUow-green 

Yellow 
White 
Yellow- 
YeIlow-greezl 
Yellow, brown 

Browa 

Yellow 
Yetlow-white 
Ydow-glml 
Yellow 
BrOWI 

Fraction 3 was developed with n-hexane+iiethyl ether (4:6). Five zones 
resulted : a pak yellow-green zone representing fi-action 3a (RF = 0.00-0.20), a bright 
yellow narrow zone (3b, RF = 0.20-9.30) followed by ano*&et darker yellow zone 
(C, RF = 0.40-0.65) and an orange-yellow zone (3d, RF = 0.65-0.85) which was 
yellow in daylight. The front was formed by a yellow-green compound (3e, RF = 

0.8~5IJO)_ Subfractions 3a and 3b were developed once with rr-hexane+liethyl ether 
(4%) and subtractions 3c, 3d and 3e twice with n-hexane+liethyl ether (6:4) (RF 

vahes in Table r)_ 
Fraction 4 was Grst developed with n-he_xane+iiethyI ether (8:2), yielding five 

subfractions: a yeliow zone at the start @a, RF = O_OO-Q_lO), then a narrow pale 
white zone (4b, RF = O_IS-O_30), which was followed by a yellow narrow zone (&, 

RF = C~35-0.45). The bright broad yellow-green zone (4d, RF = 0.60-0.!30) corres- 
ponded to unoxidized retinyl acetate that migrated with the buk of the oil. The front 
(4e, RP WC-1.00) seg=rz&ed into two badly resolved (Yellow and brown) z~ms_ Their 

UV spectra corresponded to that of anhydroretinol (fraction S)_ Fractions 4e and 5 
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were therefore combiied and subfkactionated as follows- Subfractions 4a and 4b 
were purified by another development with n-hexane-diethyl ether (6:4), and frac- 
tions 4.c and 4d by two developments with rr-hexane-diethyl ether (S:2) (RF values in 
Table I)_ 

Fractions 5 f 4e were developed with n-hexane-dietbyl ether (9:1), yielding 
a yeilow nmow zone .@a, RF = 0_20-&3U), a yellow-white broad zone (Sb, RF = 
O.ZU-U.55) and a bright yellow-green zone of the residual uuoxidized retinyl acetate 

(% RF = 0.55-0.80). The yellow and brown zones near the front (5d, Se) separated 
well and each was finally purified by double development witk n-hexane-diethyl 
ether (955). Subfraction 5a was developed once and subfractions 5b and 5c twice 
with n-kxane+liethyl ether (9: 1) (RF values in Table I). 

After the separations were completed, the solvents were evaporated and pure 
fractions la-Se @Fig_ 1) were obtained_ Table I gives their colours on detection at 
366 nm and & vahtes in the mobile phase that was used for the 6nd development_ 
T&e subfractions were ckxacterized by W sm fluorimetry and the visible spectra 
of their complexes with antimony(M) chloride. The results showed that some sub- 
fractions represented substances with the same spectral properties (Table II), and 
they were therefore combined. 

OXtDA_fiON PRODUCTS OF RETEWL ACETATE OBTAINED BY PREPARATIVE THIN- 
LAYER CHECOMAKKXAPHY 

S&rmue No. Fracrion No. UVmarimum’(nm) 

. 1 la,% 265 272 1 zo.953 
: lb, 2b,3a 242,278 1 sI.%5 

ic. zc, 3b 242,283 0.96S:l 
4 Id,M 240*2as 0.968:1 
5 3c 

Ei 285 
- 

6 3d 0_882:1 
7 : - 237.298 o.m:1 
8 290*328*3so, 370 1 CJOS.~J78 a.495 

1: &a 285 270,285(s) 1 - zo.945 

11 ** 32S - 
12 Sb 292 - 
13 Sd 313,32S(s) 1 zoo.738 
14 Se 351.371,392 O-690:1 fl.870 

‘IhtUvspechwenrneasurrdin~_s=&odder. 
“Rdative intensities of the Uv absolptiQn maxima, the highest peak having 8 dative in- 

tensity = 1. 

The procedure therefore yielded 14 oxidation products df retinyl acetate. The 
detailed interpretation of their spectral characteristics will be the subject of another 

paper- 
Preparative thin-layer chromatograihy represents the least time-consuming 

technique for the isolation of these relatively unstable compounds in a pure state. 
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