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SUMMARY

The separation of carotenoids and retinoids on a f-cyclodextrin-bonded sta-
tionary phase with conventional mobile phases is reported. Compounds studied in-
clude f-carotene (all-trans), 15,15-cis-fB-carotene, 7,8,7',8'-dihydro-S-carotene, a-ca-
rotene, lycopene, lutein, zeaxanthin, retinal, retinol, retinol paimitate and retinol
acetate. The best resolution of carotenes was obtained with low concentrations
(<1%) of polar solvents (e.g., 2-propanol or ethyl acetate) in hexane or cyclohexane.
Xanthophylls required much higher concentrations of polar solvents. The best sol-
vent for the resolution of lutein and zeaxanthin was found to be dichloromethane.
The resolution of cis/trans-isomers and the tentative identification of other isomers
present in newly synthesized carotenoid standards is also reported. All-trans-isomers
were found to be eluted before cis-isomers.

INTRODUCTION

Retinoids, carotenes and their more polar analogues, the xanthophylls, are
ubiquitous in plant and animal tissues. Although the extensive conjugation makes
visualization and detection of these compounds fairly straightforward, it also contrib-
utes to the instability of these compounds to acid, heat and light*. Much of the early
work involving carotenes was concerned with the isolation of carotenes from biolog-
ical matrices and with determining the total carotenoid concentration?. In many of
these studies thin-layer or paper chromatography was employed as a means of isolat-
ing the carotenoids from other materials present in the matrix3. One of the difficulties
encountered in the application of these methods to the analysis of carotenes was their
decomposition or isomerization. Therefore it has been desirable to find an analytical
technique that is rapid, highly selective, and requiring minimal sample manipulation
to limit the exposure of the sample to factors that contribute to decomposition or
isomerization.

High-performance liquid chromatography (HPLC) is rapidly becoming the
method of choice for the analysis of carotenoids*~®. Although silica gel has proven
effective for the separation of some cis/trans-isomers, resolution of structural isomers
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such as a- and B-carotene was not accomplished’. Adsorption chromatography has
been used successfully to separate cis/trans-retinal isomers®, but silica gel has been
suspected of initiating carotenoid decomposition and/or isomerization®. Reversed-
phase partition chromatography with hydro-organic mobile phases has limited appli-
cability due to the relatively low solubility of carotenoids in aqueous mobile phases
and low retention of hydroxycarotenoids, which often are present in carotenoid sam-
ples, on non-polar stationary phases. Non-aqueous reversed-phase chromatography
was found useful for the isocratic resolution of individual carotenoids but cis/trans-
isomeric pairs were not included in that study*. Separation of cis/trans-isomers of
B-carotene!® and canthaxanthin !! has been achieved on calcium hydroxide columns.
Cyclodextrins (CD) have been used extensively to separate a wide variety of optical
and geometric isomers!?~1¢, Although the most common applications of CD station-
ary phases involve hydro-organic mobile phases, CD can also be used in the normal-
phase mode!’.

The recent interest in the role of carotenoids in cancer prevention necessi-
tates the synthesis and characterization of standards. Several carotenes were syn-
thesized and analyzed chromatographically to determine isomeric purity. The pur-
pose of the work presented here was to evaluate the unique selectivity characteristics
of cyclodextrin-bonded phases in the normal-phase mode, as applied to natural and
synthetic carotenoid samples.

18,19

EXPERIMENTAL

The chromatographic measurements were made on a LC-6A liquid chroma-
tograph, interfaced with a C-R2AX Chromatopac data system and a SCL-6A system
controller (Shimadzu Scientific Instruments, Columbia, MD, U.S.A.). Detection was
accomplished using a Shimadzu Model SPD-6A variable-wavelength UV detector
(Columbia, MD, U.S.A.).

The chromatographic column was made of 250 x 4.6 mm 1.D. stainless steel
and packed with 5-um Cyclobond T (§-CD) (Advanced Separations Technology,
Whippany, NJ, U.S.A)).

a-Carotene, f-carotene (all-frans), lycopene, retinal, retinol, retinol palmitate
and retinol acetate were obtained from Sigma (St. Louis, MO, U.S.A.); the xan-
thophylls (lutein and zeaxanthin) from Atomergic Chemetals Corp. (Farmingdale,
NY, U.S.A)); and the solvents (all HPLC grade) from Fisher Scientific (St. Louis,
MO, U.S.A)).

15,15'-Didehydro-f-carotene was synthesized according to the method of Sur-
matis and Ofner?°. The mixture of isomers obtained by this procedure was then
thermally isomerized to all-zrans-15,15'-didehydro-f-carotene. 15,15 -cis-B-Carotene
was prepared by catalytic hydrogenation of all-trans-15,15'-didehydro-f-carotene.
11-cis and all-trans-15,15'-dihydro-B-carotene were synthesized by alkylation of f-io-
nylideneethylphenylsulfone?*-2? with 1,8-dichloro-2,7-dimethyl-2,6-octadiene®?, fol-
lowed by elimination of benzenesulfinic acid with potassium isopropoxide®*. 15-cis
and all-rrans-7,8,7',8'-tetrahydro-f-carotene were obtained by TiCl3/LiATH, cou-
pling?° of all-trans-7,8-dihydroretinal?®.
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RESULTS AND DISCUSSION

The structures of the carotenoids used in this study are presented in Fig. 1.
Various mobile phases were tested to optimize carotenoid separations. In general, the
best separations of carotenes and retinoids were observed with fairly low concentra-
tions (< 1%) of a polar solvent in hexane or cyclohexane. In order to elute the more
polar xanthophylls, it was necessary to employ higher concentrations of more polar
solvents (e.g., chloroform or ethanol). The retention times and capacity factors for
several carotenoids and retinoids with various mobile phases are presented in Table [
and sample chromatograms are shown in Figs. 2 and 3. As expected, the non-polar
solutes are eluted first and the more polar solutes are retained the longest. For in-
stance, retinyl palmitate and retinyl acetate are eluted earlier than retinol because
they are less polar. The selectivity of the cyclodextrin column resembles that of the
silica gel columns in that the cyclodextrin column is unable to resolve a- and S-caro-
tene but does resolve their xanthophyll analogues, lutein and zeaxanthin.

Separations of compounds on CD-bonded phases when using hydro-organic
mobile phases are thought to be the result of preferential formation of inclusion
complexes of the more retained solute within the CD cavity?”. When using non-
aqueous mobile phases, the CD cavities are most likely occupied by non-polar solvent
molecules. The solutes in this study are probably too large to reside entirely within
such a cyclodextrin cavity. Retention and selectivity are, therefore, most probably the
result of solute interaction with the hydroxyl groups that line the CD cavity. This
would account for the similarity in elution order of the solutes between the CD-
bonded phase and silica gel. A similar conclusion regarding the role of the CD hy-
droxyls on retention and selectivity was drawn in a recent report of the separation of
mono- and polysaccharides on CD phases?®. In addition, the bulky CD groups limit
the accessibility of solute molecules to silica surface silanols, which are more acidic
than the CD hydroxyls and may contribute to isomerization®. Additional studies on
this potentially useful aspect of CD-bonded phase are in progress.

The retention times and capacity factors for the carotenoid standards under
various chromatographic conditions on the f-CD column are listed in Table I. These
include 15,15'-dehydro-, 7,8,7',8'-tetrahydro- and 15,15'-didehydro-p-carotene. Pro-
ton NMR of the synthetic carotenoid samples revealed the presence of cis-isomers
along with the predominant all-trans-isomers. Based on the NMR, UV, and chroma-
tographic data, the principal contaminants in the standards are tentatively identified
and also listed in Table I. The chomatographic factors which aided in the determina-
tion of peak identity were elution order (all-trans-isomers eluted before cis-isomers)
and the change in relative peak height with changing wavelength. The retention of
15,15’-dihydro-f-carotene seems anomalously long when compared to the retention
of the other f-carotenes. It may be that the flexibility about the molecular center of
symmetry afford enhanced solute bonded ligand interactions than are possible with
the other, more rigid fi-carotenes. Resolution and selectivity for geometric and struc-
tural isomeric pairs are presented in Table I1. Note that trans-isomers are linear, while
the presence of a cis-double bond within the polyene backbone confers a more bent
configuration to the molecule. This spatial orientation of the cis-isomers may allow a
more efficient interaction with the bulky CD moiety than is possible for the linear
all-trans-isomers>®.
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Fig. 2. Chromatographic separation of f-carotene (1), 15,15'-cis-B-carotene (2), lycopene (3), retinyl palmi-
tate (4) and retinyl acetate (5) on a -CD column with dichloromethane-cyclohexane (5:95) as mobile
phase at 1.5 ml/mn. (Details given in Experimental and tables.)
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Fig. 3. Chromatographic separation of retinal (1), retinol (2), lutein (3), and zeaxanthin (4) on a f-CD
column with ethanol-hexane (5:95) at 1.5 ml/min as mobile phase. (Details given in Experimental and
tables.)




A. M. STALCUP et a/

634

uonN|osay 4

A
(661) duexdY-aURYIOWOIONYII Tl 111 dUd101e0-g-0IPAYAPIP- 'S T-512-1] PU® -0IPAYSPIQ-,51G]
(66:1) SUBXIY-2UBYIIWOIOTYDI(] L0 901
(66:1) durxay-WLIOJOIOIYD L0 L0°1
(66:1) dupxay-are1eoe [KY1g Lo LO'1 (812-G1 pue sup4j |1V)
2U101Ed-§-0IpAYRIL] -,8°,L°]"L
(66:1) duexdy-a1eIadE Ayl 80 L0'1
(661) SUBXY-OUBYIOWIOIO[YDI(] vl 601 (s10-11 pue -sun4j [1v)
ud0ILd-¢-0IpAYIT-,51°C1
(66:1) sueylaWOIOMYIIp—[oURYIg €T Se'l
(06:01) suexay—[ourylg Sy 4!
QUBYIWOIOYIN] 801 00T
(07:08) 2URXOY—WIOJOIOTYD) (94 er'l (-4f) unpuexesz/(-r) uLINg
(66:1) 2UBXdY-WIOJOIOTYD) 99°1 0¢'1
(66°1) duBXdY—2U0IIY 60 60°1
(66:1) duBXaYO[dA>-81BIS0R (A1 €6°1 Lyl
($°66:50) suexayo[oko-jouedoiJ-g 9¢T 99'1
(66:1) 2UBXIY-UBYIWOIO[YDI(] Ll 9Z'1 QU210180-f-510- G [ 'S [ /(-Sup.4j-[[e) JUd10IR))-ff
asoyd ajiqopy M% 0 spunoduio))

‘[etuawLIadxyg Ul udAI3 s[eIag

SYTNOST-J ANV -© A0 ANV SYIINOSI-SN VYL ANV -SID 40 NOILVIVJAS

1197194vL



HPLC OF CAROTENES ON CD-BONDED PHASES 635
ACKNOWLEDGEMENTS

Support of this work by the Department of Energy, Office of Basic Sciences
(DE FGO02 88ER13819) is gratefully acknowledged. Also, we are thankful to Dr. A.
Forcault for helpful discussion of this work [Grant (K.N.) NIH GM36564].

REFERENCES

I G. Britton, Methods Enzymol., 111 (1985) 113.

M. J. Deutsch, in S. Williams (Editor), Official Methods of Analysis of the Association of Official
Analytical Chemists, William Byrd Press, Richmond, VA, 14th ed., 1984, p. 830.

3 P. Eloranta, Ann. Bot. Fenn., 23 (1986) 153.

S. K. Hajibrahim, P. J. C. Tibbets, C. D. Watts, J. R. Maxwell, G. Eglington, H. Colin and G.
Guiochon, 4nal. Chem., 50 (1978) 549.

5 M. Ruddat and O. H. Will 111, Merhods Enzymol., 111 (1985) 189.

6 P. Ruedi, Pure Appl. Chem., 57 (1985) 793.

7 A. Fiksdahl, J. T. Mortensen and S. Liaaen-Jensen, J. Chromatogr., 157 (1978) 111.

8

9

[ ]

=N

R. Bruening, F. Derguini and K. Nakanishi, J. Chromatogr., 361 (1986) 437.
Y. Tanaka, T. Katayama, K. L. Simpson and C. Chichester, Bull. Hap. Soc. Sci. Fisheries, 47(6) (1981)
799.

10 K. Tsudika, K. Saiki, T. Takii and Y. Koyama, J. Chromatogr., 245 (1982) 359.

11 H. Hashimoto, Y. Koyama and T. Shimamura, J. Chromatogr., 448 (1988) 182.

12 D. W. Armstrong. A. Alak, K. Bui, W. DeMond, T. Ward. T. E. Richl and W. L. Hinze, J. Incl. Phon.,
2 (1984) 533.

13 D. W. Armstrong, T. J. Ward, A. Czech. B. P. Czech and R. A. Bartsch, J. Org. Chem., 50 (1985) 5556.

14 T.J. Ward and D. W. Armstrong, J. Lig. Chromatogr.. 9 (1986) 43.

{5 D. W. Armstrong and W. Li, Chromatography, 2 (1987) 407.

16 D. W. Armstrong, S. F. Yang, S. M. Han and R. Menges, Anal. Chem., 59 (1987) 2594.

17 D. W. Armstrong, A. Alak, W. DeMond, W. L. Hinze and T. E. Riehl, J. Lig. Chromatogr., 8 (1985)
261.

18 H. J. C. Nells and A. P. De Leenheer, Anal. Chem., 55 (1983) 270.

{9 F. Khackik and G. R. Beecher, J. Chromatogr., 449 (1988) 119,

20 1. D. Surmatis and A. Ofuer, J. Org. Chem., 26 (1961) 1171.

21 M. Julia and D. Arnold, Bull. Soc. Chim. France, (1973) 746.

22 P.S. Manchand, M. Rosenberger, G. Saucy, P. A. Wehrli, H. Wong, L. Chambers, M. P. Ferro and W.
Jackson, Helv. Chim. Acta, 59 (1976) 387.

23 U. T. Bhalerao and H. Rapoport, J. Am. Chem. Soc., 93 (1971) 5311.

24 P. Chabardes, J. P. Decor and J. Varagnat, Tetrahedron, 33 (1977) 2799.

25 J. E. McMurry and M. P. Flemming, J. Am. Chem. Soc., 96 (1974) 4708.

26 M. Arnaboldi, M. G. Motto, K. Tsujimoto, V. Balogh-Nair and K. Nakanishi, J. Am. Chem. Soc., 101
(1979) 7082.

27 D. W. Armstrong, T. J. Ward, R. D. Armstrong and T. E. Beesley, Science ( Washington, D.C.), 232
(1986) 1132.

28 D. W. Armstrong and H. L. Jin, J. Chromatogr., 462 (1989) 219.

29 A. M. Stalcup, D. E. Martire, S. A. Wise and L. C. Sander, Chromatographia, 27 (1989) 405.



