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Abstract-Abandonment of the name eloxanthin is proposed. The principal carotenoids in various species of 
Elodea were (3R, 3’R, 6’R)-lutein (0, E-carotene-3, 3’-diol) and p, p-carotene. The minor pigments were 
neoxanthin-X (5’, 6’-epoxy-6, 7-didehydro-5, 6, 5’, 6’-tetrahydro-P, P-carotene-3, 5, 3’-triol), 9’-cis- 
neoxanthin-X, 9- and 13-cis-violaxanthin (5, 6, 5’, 6’-diepoxy-5, 6, 5’, 6’-tetrahydro-P, /3-carotene-3, 3’-diol), 
antheraxanthin (5, 6-epoxy-5, 6-dihydro-/3, /3-carotene-3, 3’-diol), neolutein A (13- or 13’-cis-lutein) and 
neolutein B (9- or 9’-cis-lhtein). All attempts to isolate eloxanthin failed. 

INTRODUCTION 

As early as 1937 Hey [l] reported the isolation from 
the leaves of Elodea canadensis of a new xanthophyll, 
which he called ‘eloxanthin’ [2]. Later Karrer and 
Rutschmann [3,4] suggested that eloxanthin might be 
identical with lutein epoxide. However, in spite of the 
relatively large amount of E. canadensis used, they 
failed to isolate lutein epoxide in a crystalline state. 
The conclusion, therefore, that “the properties of 
eloxanthin are so similar to those of xanthophyll epox- 
ide (lutein epoxide), that the identity of the two pig- 
ments appeared very probable” [5] was also rather 
vague. Thus the question of what pigments are actu- 
ally present in E. canadensis and which stereoisomer 
(3R, 5R, 6S, 3’R, 6’R or 3R, 5S, 6R, 3’R, 6’R) of 
lutein epoxide, if any, is identical with eloxanthin has 
been considered in our laboratory. 

RESULTS AND DISCUSSION 

The leaves of E. canadensis, E. gigantea and E. 
densa contain about the same carotenoids, namely 

neoxanthin-X, 9’-cis-neoxanthin-X (neoxanthin), vio- 

laxanthin, 9- and 13-cis-violaxanthin, lutein, neolutein 

A and B and p-carotene. The consistency of the 
distribution of carotenoids in Elodea species (Table 1) 
with that in other higher plants is remarkable [6]. The 
principal carotenoids are lutein (ca 36%) and /3- 
carotene (ca 30%). The CD curve of lutein isolated 
from the leaves of E. densa showed that it had the 
same 3R,3’R,6’R configuration as luteins isolated 
from other sources [7]. The distribution of carotenoids 
depends only slightly on climatic and geographical 
factors (Table l), and eloxanthin or lutein epoxide has 
never been detected in Elodea species. The isolation of 

the individual carotenoids was carried out by column 
(zone) chromatography, but the pigment composition 
was also confirmed by HPLC (Fig. 1). 

Therefore, we suggest that Hey’s finding was a case 
of misinterpretation due to the early, undeveloped 
chromatographic methods, and Karrer’s school mis- 
took lutein epoxide for the then still unknown 
neoxanthin-X, whose properties resemble those of 
lutein epoxide in many respects (A,,,, acid test, parti- 
tion, etc.). Furthermore, as no new evidence for the 
existence of eloxanthin has been published since 1972, 
when the problem of eloxanthin had already been 
raised [S] we propose that the name eloxanthin should 
be abandoned. 

EXPERIMENTAL 

Biological materials and methods. E. canadensis and E. 

gigantea were collected in Toronto, May 1976 and sent to 
P&s between wet sheets of filter paper in a light-tight plastic 

bag. E. densa (Tata) was grown at Lake Tata in mid-June 

1971, and E. canadensis (P&s) and E. densa (P&s) in 

aquariums. The procedures were those normally employed in 

our laboratory and are summarized elswhere [9]. 

Pigment extraction and separation. The leaves of tile 
Elodea species (10 g) were extracted with MeOH at 4-6” for 
24 hr. The dark green methanolic soln was filtered and the 

material was homogenized with MeOH in an electric blender. 

The extraction was repeated with MeOH and Et,0 until 

complete decolouration of the powder. The combined MeOH 

and Et,0 extracts were washed with H,O, dried (Na,SO,) 
and saponified with 30% methanolic KOH for 12 hr. Be- 

cause of gel formation, the saponification procedure was 
repeated in the same way. The ethereal soln was washed free 

from chlorophyll and alkali with H,O. Finally the dried 
ethereal soln was evapd and the residue dissolved in a 

mixture of C,H,-petrol (2: 1) for chromatography. Zone 

chromatography on CaCO, (Biogal, Hungary) with C,H,- 

petrol (2: 1) as eluant gave the chromatogram listed in Table 

1. The most polar band (a mixture of 13-cis-violaxanthin, 

neoxanthin, violeoxanthin and neoxanthin-X) was subjected 

to re-chromatography on CaCO, with C6H, containing 0.5% 
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Table 1. Quantitative distrihution of carotenoids in various species of E&fen 
_-__ 

Percentage of total carotenoids present m: 

E. cunadensis E. @@l”WU E. denstr 

Pdcs Toronto P&s Toronto P&S 

Pigment 1972 1976 1978 1Y76 1976 
- _____~ 

13-c& 

Violaxanthin / t 1 .o I r 
Neoxanthin 3.8 5.3 3.9 
Violeoxanthin 2.3 13.6 2.0 13.6 1.7 

Neoxanthin-X 1.S 0.7 0.6 

Neolutein A 5.3 9.1 4.2 s.7 1.7 

Neolutein B 11.8 8.4 2.3 15.1 4.x 

Violaxanthin I0.U 6.6 11.1 6.3 6.3 

Antherasanthin 3.1 t 7.2 f 1 .o 

Lutein 31.0 31.2 41 .o 31.3 Il.0 
P-Carotene 27.9 29.8 30.2 25.0 35.1 

Concentration 
mgig dry wt 0.827 3.303 1.150 I.555 I.272 

The carotenoids are shown in order of decreasing adsorption affinities. I = trace. 

Me,CQ. After the usual procedures, the pigments were iden- 

tified in soln by A,,,,, partition test, mixed chromatography, 
furanoid oxide test. and isomerization. The carotenoids were 

quantitatively determined by measuring the extinction at 

A mdx_ E. densu (300 g dry material) was also worked up on a 

preparative scale. 

I.?-cis- Violaxnnrhirz. A$:$ nm: 478, 448 and 322; Q= 

2.1; with 77% MeOH it was hypophasic (RF= 2.71): 

epoxidc-furanoid test resulted in a hyp%ochromic shift of 43 

Fig. 1. Chromatogram of .%&a c~tnndensis extract on a 

column of 200x-1 mm i.d., packed with Nucleosil 10 C,,. 
Mobile phase: gradient of acetone-water (100 : 40-100 : 5), 
How rate: 1.27 mlimin. pressure: 6.8-3.3 M Pa. Detection: 

UV-vis at 480 nm. 1. Neoxanthin-X; 2. neoxanthin; 3, 

violaxanthin; 3, Y-cis-violaxanthin: 5. 13-cis-violaxanthin: 6, 

antheraxanthin.: 7. lutein: 8, neolutein B: 9. neolutein A; 10. 

11, cis-isomers of B-carotene; 12. p-carotene. 

nm (h&!Je:l” nm: 4.35, 408 and 386): iodine stereomutation 

gave all-tmnr violaxanthin. which wab inseparable from au- 
thentic violaxanthin (cx V&n fr~oiori on a mixed 

chromatogram (CaCO,, C,H,,i. 

Neoxtrnrhirl. Ah?‘jc’ nm: 176, 43X and 423: with 65% 

MeOH it was hypophasic (RP=- .?.26l; the eposidc-furanoid 

test led to a hypaochromic shift of 1‘1 nm (h$$nm; 160. 532 
and 10X) inacparahlc trum authentic ncoxanthln (ex maple 

leaves) on a mixed chromatogram (CaCO,. C‘,,H,,-Me,CQ. 
Y7 : 3): iodrnc IsomcriLation ga~c neoxanthm-X. From E. 

dcnsu, 8.6 mg neoxanthin wa\ also isolated. cr.ystals. mp 

I3i”. 
Violeo.~ar&irt iO-cis-oiolax-arrlhitl). A:,;;:<I. nm: 479. 13X 

and 423: F,,;,,,,, ia~.ii = I I hOO: with 77% MeQH it wati 

hypophasic (RF’= 2.68): the eposidc~furar~oid test pave a 

hypsochromic shift of 24 nm (;\,,;i,, ’ n* mn; 435. 107 and 3X6); 

iodine sterromutation resulted in all-rmn\ violaxanthin. 

which was Inscparahle from authentic i~cctlr-violaxanthin icx 

Viola lricolori. 

Neoxrcnthirt-S. A&‘,$ nm: -483. 452 and 426: \\ith 65”/, 

MeOH it was hypophasic (RP- 3.30); epoxide-furanoid test 

reaultcd in a hypsochromic chtft ot 22 nm (A~;~~~ nm: 460, 

13 I and 408): inseparable from authentic neoxanthin-X (cx 

maple leaves) on a mixed chromatogram (Ca(‘O;. (‘,H,,- 

Mc,CO. Y7 : 3). 
Neolutein A. A~$ nm: 183. 453 and 32X; 0=2.2: with 

90% MeQH it was hypophasic iRP- 2.06), iodine btereomu- 

tation Ied to all-trctru lutein. which was inscparahle from an 

authentic sample (cx mapI? Icaves). 

Neolutrin B. A h,;:Ja’ nm: 4S3. 453 and 430; P,,~~~,,_,,~~~ = 

I 1 YOO: with 90% MeOH it was hypophasic (RP= 2.01): 
stereomutation with iodine ga\c all-rrcms lutein. which was 

inseparable from authentic lutein CL’\ maple leavea). 

Violaxunritin. A$$ nm: 483. 353 and 430: with 77% 

MeOH it was hypophaaic (RP- 2.551: the epoxide-furanoid 

test resulted in a hypsochromic shift of -I6 nm (h&y& nm: 
137. 410 and 3X9). From E. &WW 4.5 ms crystalline bio- 

laxanthin was isolated, mp 170’. 

Lu~rin. A$atzh nm: 48X. 457 and 435: with 90% MeOH it 

was hypophasic (RI’= 1.91: Inseparable from authentic lu- 

tein (ex maple leaccs) on a mixed chromatogram (CaC‘O,, 

C,H,-petrol. 70: 30). i;r!;m f:‘. drnsu. 85 mg lutein was 

isolated, crystals, mp 173”. 
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p-carotene. A:$? nm: 492 and 463; with 95% MeOH it is 3. 
epiphasic; inseparable from authentic p-carotene (ex Daucus 
carota). From E. densa 5.5 mg of crystalline p-carotene was 4. 
obtained, mp 173”. 

Anrheraxanthin. A&? nm: 488, 457 and 433; with 85% 5. 

MeOH it was hypophasic (RP= 2.26); the epoxide-furanoide 

test showed a hypsochromic shift of 23 nm (h&F nm: 465, 

437 and 416; inseparable from authentic antheraxanthin (ex 6. 

Cucurbita pepo) on mixed chromatography (CaCO,, C,H,). 

Acknowledgements-The authors thank Mrs. MBria Tbth and 

Mrs. Antal Steiler for skilful assistance in the chromatog- I. 

raphic work, and Dr. R. Ohmacht for the HPLC analyses. 

REFERENCES 8. 

1. Hey, D. H. (1973) Biochem. J. 31, 532. 

2. Straub, 0. (1971) in Carotenoids (Isler, O., ed.) pp. 771- 9. 
850. Birkhzuser. Basel. 

Karrer, P. and Jucker, E. (1945) Helu. Chim. Acta 28, 

300. 
Karrer, P. and Rutschmann, J. (1945) Helu. Chim. Acta 

28, 1526. 

Karrer, P. and Jucker, E. (1950) Carotenoids (English 

translation by E. A. Braude) p. 207. Elsevier, Am- 

sterdam. 

Goodwin, T. W. (ed.) (1976) in Chemistry and 
Biochemisrry of Plant Pigments, Vol. II. pp. 225-261. 

Academic Press, London. 

Bartlett, L., Klyne, W., Mose, W. P., Scopes, P. M., 

Galasko, G., Mallams, A. K., Weedon, B. C. L., Szabolcs, 

J. and T6th, Gy. (1969) J. Chem. Sot. C 2527. 

Szabolcs, J., Baranyai, M., MolnBr, P. and T6th, Gy. 

(1972) Abstracts of Communications, Symposium on 

Carotenoids, Cluj 23. 

T6th, Gy. and Szabolcs, J. (1970) Acta Chim. Acad. Sci. 
Hung. 64, 393. 


