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An indispensable tool for the investigation of biochemical transformations 
involved in vision is the analysis of natural or synthetic retinal chromophores from 
visual pigments1-4. The instability and rapid isomerization of retinals, especially of 
11-cis-retinal (see Fig. l), the natural chromophore in animal rhodopsins, requires 
a fast analytical methodology in order to assess qualitatively and quantitatively the 
composition of isomeric mixtures. The lipophilic nature of retinal and its isomers 
makes normal-phase high-performance liquid chromatography (HPLC) on either sil- 
ica- or cyano-supports the most commonly used technique for their separation and 
many systems have been described already 6,7. However, two disadvantages seem to 
be shared by most of these methods. Common solvent systems are based on 
alkanediethyl ether mixtures which not only present serious safety problems in large 
scale preparations, but also make it difficult to maintain the solvent composition 
constant unless an automatic on-line mixing device is employed. Fixed-wavelength 
detection on the other hand, the preferred technique for detection of eluting peaks, 
allows unambiguous assignments only if retention times stay constant, and calls in 
many cases for subsequent off-line measurements of UV spectra. In the following we 
report an HPLC set-up to overcome these drawbacks. 

Fig. 1. Structure and numbering system of trans-retinal. 

EXPERIMENTAL 

Instrumentation and reagents 
HPLC hardware consisted of a Perkin-Elmer chromatography station includ- 
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ing a Series 4 pump and an IS1 100 autosampler, both controlled by a PE 7000 
laboratory computer. As detector we have used a combination of a Kratos Spectro- 
flow 773 variable-wavelength UV detector and an LKB 2140 rapid spectral detector; 
the spectroflow was set on-line with an SP 4100 computing integrator from Spectra 
Physics and simultaneously looped via D/A interface back to the PE 7000. A lo-cm 
PTFE tubing l/16 x 0.01 in. served to connect the detector to the LKB instrument. 
The LKB 2410 was controlled by an LKB WAVESCAN software through an IBM 
personal computer: isogram printouts were produced by a Canon inkjet colour 
printer on-line with the personal computer. Separations were achieved with a 250 
x 4.5 mm I.D. column packed with 5 pm 100 A spherical silica, manufactured by 
YMC. 

A mixture of retinal isomers was prepared from trans-retinal by irradiation in 
acetonitrile according to Denny et al. 8. 1 1-c&Retinal was isolated from a crude 
sample by centrifugal partition chromatography g,lo. The 13-&s, 9,13-di-cis-, 9-cis- 
and truns-retinal isomers used as reference were available in our laboratory. 

The assignments of peaks were made by comparison of retention times with 
those of authentic samples if available, by comparison of the elution order with the 
literature7s1 l, and also by comparison of UV data of the HPLC peaks as measured 
by the diode-array detector with published data7J2J3. 

RESULTS AND DISCUSSION 

The commonly used solvent system for the separation of retinal isomers is a 
mixture of n-hexane-diethyl ether (95:5, v/v) at a flow-rate of 1 ml/min (ref. 7). 
However, we found that a mixture of 1,1,2-trichlorotrifluoroethane (freon 113)- 
methyl rerr.-butyl ether (97:3, v/v), at a flow-rate of 0.7 ml/min, gives improved 
separation in a shorter period. As shown in Fig. 2, a 19 component mixture consisting 

14 

1 1 I I I I- 
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Fig. 2. Chromatogram [S pm/100 A spherical silica column, 250 x 4.5 mm I.D., freon 1 IFmethyl tert.- 
butyl ether (97:3), 0.7 ml/min, 360 on detection] of an irradiated mixture of retinal (2 380 nm, in aee- 
tonitrile). The minor peaks represent the following retinals: peaks 14, tri-cis isomers; peak 5, 7,13-di-cis; 
peak 6, 11,13-di-cis; peak 8,9,13-di-cis; peak 10,9,1 I-di-cis; peak 12,7,9-di-cis; peak 13, 7-h. See text for 
basis of assignment. 
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of 14 retinal isomers and 5 more polar unknown contaminants could be satisfactorily 
separated in less than 25 min; all 14 retinals were eluted within 17 min. A 955 solvent 
ratio, at a flow-rate of 1 ml/min, led to elution of all isomers within 14 min with only 
slight reduction in resolution. This corresponds to cu. 70% of the retention time 
obtained with the conventional solvent system mentioned above. 

Practically, a base-line separation is achieved for all isomers in Fig. 2, including 
the tri- and di-cis isomers which usually are difficult to resolve. Thus under normal 
conditions, the 9,11,13-tri-cis (peak 3), 7,9,13-tri-cis (peak 4), 7,13-di-cis (peak 5) and 
11 ,I 3-di-cis (peak 6) isomers elute together with the 13-cis isomer (peak 7); the 
9,13-di-cis isomer (peak 8) also partially overlaps with peak 7. However, all these 
isomers are well-separated in Fig. 2. Similarly, 9,11-di-cis (peak 10) and 7,9-di-cis- 
retinals (peak 12) are usually poorly resolved from the 9-cis-isomer (peak 11) but 
this is not the case here. 

Fig. 3 shows the isogram of retinal peaks 1-14 in Fig. 2 as obtained by diode- 
array detection. The spectral window was set from 240 to 370 nm and spectra 
were taken at 400-ms intervals. After data collection the sensitivity of each peak was 
readjusted according to the sample amount; in this manner it was possible to visualize 
even the minor components. The respective peaks in Fig. 3 were identified on the 
following basis: 

Peaks Z-4. These early eluting peaks were tentatively identified as the tri-cis 
isomers based on their UV absorption patterns and retention times by comparison 
with reported values 7,11,12 Peak 2 could be assigned to the 7,9,11-tri-c&retinal as . 
shown by comparison of its UV isogram with the reported absorption maximum 
(346 nm) for this isomer 7s1 l. Peaks 3 in particular can be attributed to the very blue 
shifted 9,11,13-tri-c&retinal, the maximum of which is reported to be 302 nm in 
hexane and ethano112. Peak 4 is probably the 7,9,13-tri-cis isomer which has been 
reported to elute with the 7,13-di-c&retinal under various HPLC conditions’ l. 

Peak 5. The absorption pattern of peak 5 is in agreement with the reported 
value of 357 nm for 7,13-di-cis-retina17v1 l. 

Peak 6. We believe that this blue-shifted peak represents the unstable 11,13- 
di-cis isomer, the UV spectrum of which shows an intense broad band at 302 nm and 
a shoulder at about 355 nm13. 

Peaks 7-9, 11 and 14. Retinal isomers were ascertained by co-injection with 
authentic samples. 

Peaks 10, 12 and 13. Assignment of these to 9,11-di-cis-, 7,9-di-cis- and 7- 
cis-retinals respectively, follow the elution pattern reported for n-hexane7. Peak 10 
attributed to 9,11 -di-cis-retinal appears to be contaminated as judged from the shape 
of the isogram. The contaminating congenor is presumably the 7,11-di-cis isomer 
which normally elutes close to 1 1-cis-retinal ll. The isogram shows another 340 nm 
absorbing minor component between peaks 12 and 13. In the regular HPLC diagram, 
Fig. 2, these two minor components are not detectable due to the insufficient amount. 

Since isograms are produced on-line during the chromatographic run, this 
technique is well-suited for the instantaneous characterization of peaks due to un- 
stable compounds. Another advantage of the isographic display lies in the possibility 
to assess directly the purity of an eluting peak. 

1,l ,2-Trichlorotrifluoroethane14 and methyl-tert.-butyl ether’ 5 are both sol- 
vents less polar than n-hexane and diethyl ether 1 6, the conventionally employed sol- 
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vents in retinal separations. It is therefore surprising that the retention times in our 
separation are actually shorter and yet result in improved resolution. Since a sepa- 
ration of the same retinal mixture with n-hexanediethyl ether (95:5) gave on our 
column similar results to those published7, it becomes obvious that the new mobile 
phase exhibits enhanced resolution with polyenes. It is possible that it is also suited 
for polyene antibiotics and related compounds. 
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