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SUMMARY 

For riboflavin and hydroxymethyltlavin acetate, recoveries of the substances 
deposited on the laycr (either with or without subsequent chromatography), cluted 
and subjected to fluorimetry increased with the amount of Rnvin applied. Variations 
in these recoveries did not esceed those of the reference determinations, which 
were Jiablc only to volumetric and/or fluorimetric error. The recoveries decreased 
to a certain estent when the spot area was very large as well as with longer runs. 
Thin-layer chromatography on cellulose could not be used for hydroxymethylflavin 
acetate as it resulted in the degradation of this flavin ester, 

IN1’IZOUUCTION 

It is an obvious advantage of the i?z silzc fluorimctric assay method com- 
pared with the elution method that it does not require the layer material to be 
removed from its support. If close or partially overlapping zones have to be cut 
apart on the basis of visual detection, the choice of the dividing line is more or 
less arbitrary. When the chromatogram is sectioned at regular intervals, part of the 
resolution is lost if the intervals are too great, and if they are small, the sensitivity 
is reduced and the manual workload is increased. Automntcd scraping such as that 
devised mainly for liquid scintillation counting of radioisotopes can relieve this 
workloadi-3, Insufficiently reproducible results may represent a source of error. 
This study is thereforedevoted to this aspect. 

l For PnI? WI, SW ref. 18. 
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IN s&c fluorimctry is, of course, subject to a number of other unavoiclal>le 
errors, one of which is the interference of tile sorbent if it either exhibits fluorescence 
or modifies that of the substance to be determined. The distribution of the sub- 
stance across the layer and the size of its particlcs may affect the reproducibility 
as it depends on the detailed drying procedure adopted during spotting and 
subsequent to chromatography. Variable amounts of residual chromatographic 
solvent that remain after drying may also impair the reproducibility. 

The accuracy of the ilz S~ZC method has been reported in numerous papcrs+lfi 
and a brief compilation of the accuracies (coefficients of variation) has been given 
by COURTS’. In the present study, WC have attempted to esplore the dependence 
of the analytical yields and of their variation on the amount of substance applied, 
the nature of the sorbent and other variables, It could be expected, from the usual 
convex shape of the adsorption isotherm, that recoveries might bc reduced in the 
instances of smaller amounts of sample, larger spot arcas and longer runs. 

For this purpose, WC have chosen two f3avins that differ in polarity, namely 
the classical substance of fluorimetric analysis, riboflavin*, which would be best 
eluted with aqueous solutions, and hydro.xymethylflavin acctatc** (see formula), 
which we had identified among the photolysis products of riboflavin and of formyl 
nietliylflavin l * *Is and which could be elutecl with an organic. solvent, 

:: 
P-C-N, 

We did not attempt parallel experiments with the .k s&c method, as it was 
likely to suffer from serious clrawbacks in this particular instance and the comparison 
might not be valid. By simple inspection of the chromatogram under a 366-nm WV 
source, it can be observed tlmt self-quenching occurs in the centres of compact 
thin-layer chromatographic (TLC) spots in amounts above I ,~g* In addition, the 
in situ fluorescence of the flavins depends critically on the extent to which the 
chromatographic solvent, which enhances it, has been removed. 

EXPERIMENTAL 

Layers (IO and 1z.5 mg of sorbent per cmz) were prepared by spreading 4 g 
of Kieselgcl G (Merck) in 12 ml of water or 5 g of microgranular Cellulose CC 41 
(Whatman) in 13 ml of butanoP on a 20 x zo cm glass plate, After spreading, 

l Riboflavin = G,7-clilncthyl-D-u.ribitylisonlloxazinc, Mcrclt product, chromntogral~hicnlly 
pure. 

l ’ IlyclroxymcthylRnvin ncotatc (HMl? acctntc) -6,~.climcthyl-g-acctoxymcthyli~odloxndn~. 
Prepsrod itccording to ref. 18: cl~ro~~~nto~rapliically pure oxcopt for il trnco amount of lud- 
chr~~ac, 

Formylmothylflnvin = G,7-dirnctl~yl-g-for~nyI~n~tl~yl~s~~llo~~~i~~~. 
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the’ layers were left in the laboratory overnight and the silica gel layer was heated 
to 100~ for I 11. The plates were stored in a closed container. 

The samples were diluted so as to apply 20 ,ul of the solutions from the same 
pipette in each series of experiments; the pipettes were not rinsed with pure solvent 
between the applications of identical samples. 

Riboflavin was dissolved in 0.067 M phosphate buffer of pH 6.S and HMF 
acetate was dissolved in chloroform-ethanol (z: I). Chromatograms were run with 
the organic layer from the +butanol-acetic acid-water (4: I :5) mixture in an 
atmosphere saturated with the organic layer. l Most of the liquid was then removed 
with a stream of warm air and the chromatograms were left to dry at room tem- 
perature, 

The spots were rapidly marked under a UV lamp (366 nm); identical arecas 
were scraped off in each series and eluted for IO min with 5 ml of the 0.067 M phos- 
phate buffer of pH 6,81 for riboflavin and with 5 ml of ethanol for HMF acetate. 
The sorbent was removed from the suspension by centrifugation. The acidification 
of the buffer (down to pH 5-6) by the acetic acid that remains in the layer should 
not influence the fluorescence characteristics of riboflavin in the particular pH 
rangezOs el. 

In order to limit photolysis, chromatography was performed in complete 
darkness and all operations were carried out in subdued light. The results were 
corrected for background fluorescence (blank areas of the layer of identical size 
were extracted with the same solvent; the fluorescence reading did not differ from 
that of the solvent used for extraction). Fluorimetry was carried out with excitation 
at 470 nm for riboflavin and 475 nm for HMF acetate and an emission wavelength 
of 540 nm (uncorrected) using a DC/3000 spectrofluorimeter (Ciampolini, Florence, 
Italy) . 

The same amounts of the sample were transferred by pipette in the elution 
solvent in such a way that the tip of the pipette touched the inner surface of the 
test-tube above the surface of the liquid. Even this reference assay exhibited some 
scatter in the readings, possibly owing to the volumetric and/or fluorimetric 
error, Hence the xoo YO values in our graphs, which serve cas the basis for the calcula- 
tion of the percentage recoveries from thin layers, will have coeliicients of variation. 

In experiments that. involved spotting on layers without chromatography, 
the samples were applied in the usual way, wetted with the solvent (the mobile 
phase was allowed to ascend through the origin spot until the flavin spot just began 
to spread in the direction of flow), dried and eluted, 

Most of the experimental groups comprised six samples, which were run 
simultaneously on one chromatogram. The recovery is considered to be the fluori- 
metric reading divided by the average reading from the corresponding group of 
reference assays, Recoveries defined in this way might be affected by any substance 
that is eluted from the layer which would modify the fluorescence. 

Iitfi?u.ence of the antomt of sacbstamc ajhfitied 
Table I shows the results of different experiments with silica gel layers. The 

l The Rp values for riboflnvin, EIIMF ncotnto and lumichronle wore ribout 0.30, 0~45 and 
o,Go on silica gel and 0.43, o.Go and 0.58 on celluloao. 
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SD. values are the standard deviations calculated from the mean values* and 
from the corresponding coefficients of variation of the individual groups of six 
samples, provided that there were at least four such groups for the particular con- 
centration level. The averaged group means and coefficients of variation were 
plotted in Fig. I for riboflavin and in Fig. z for HML; acetate. 

a0 - 

70 - 
Riboflavin 

a0 - 

70"- 
WMF acetate 

0,05 0.1 OS5 1.0 2.5 J.lg on05 0.1 005 1.0 2.5 10 

Fig. I. Rccovcrics of riboflavin from silica go1 thin layers csprcssod as a pcrccntagc of the mean 
rcfcroncc dctcrminstions cnrriod out slmultnncously with the rcspcctive thin-lnycr cxperimontnl 
group. 0 = Average moan v:rlucs for chrornntogrq~hcd samples; nnd w = nveragc mean vnluos 
for spottccl unchromstogmphcd ssmplce. %hc avcragc coefficients of variation aro dosignatcd 
by tllo band width for rcforcncc and chromntogrnphcd samples and by vertical bars for spottod 
unchromatogrnphocl samples. 

Fig. 2. Recoveries of hydroxymothyltlavin acotnto from silica. gel thin layers. See lcgencl of Fig. I. 

It can be seen that the recoveries tended to increcise as the loads increased, 
for both the chromatogaphed and the spotted unchromatographed samples. Some 
of the results were subjected to statistical analysis by Student’s t-test. The increase 
in the percentage recovery from 0.1 to 1.0 ,~ug was significant (PC 0.01) for both 
the chromatographed and unchromatographed flavins, 

The higher recoveries for the unchromatographed samples might have been 
due to some losses during the chromatographic run. The differences did not show, 
however, any regular dependence on concentration, which might suggest that the 
reduced recoveries for small samples were due to adsorption in the elution stage 
rather than to greater losses during chromatography. For the 2.5~,ug samples, some 
losses during chromatography might have been due to limited solubility, as suggested 
by the tailing observed on the chromatograms. 

Our recoveries are comparable with those for riboflavin obtained by paper 
chromatography (MASLO~SKI 22, 80 o/o). The reproducibility (coefficient of variation 
ca. 2 %) is comparable with that of the k sitzc fluorimetric method described by 
JANCI-IEN~ for harmanc alkaloids (SD. 1~9 %) or Schoeffel Instruments Corp.l@ 
for aflatoxin (accuracy 2-4 %). 

The average variation of the results for chromatographed samples was mostly 
lower than that of the reference samples. Hence chromatography and elution 

’ Those fagurcs proviclo information about the day-to-day or plnto-to-plate variations. 
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do not seem to add an additional accuracy-reducing factor to the volumetric23 
and/or fluorimetric error of the reference series. 

For cellulose thin layers, H&IF acetate could not be tested because the sub- 
stance was degraded, mainly to lumichrome, when it came into contact with cellulose 
wetted with the solvent. Bleaching can be observed visually and recoveries may 
decrease to 25 %, For riboflavin, the recoveries were within the range Go-So “/0 
and they also tended to increase with increasing amounts of sample (from 0.05 
to 2.5 ,ug). The elution of unchromatographed spots gave variable results, some 
recoveries being lower than those of the corresponding chromatograplled spots, 
but the differences between the chromatographed and undeveloped samples rarely 
exceeded 6 %. 

Table II shows tile recoveries from chromatographed samples when the spot 
areas were deliberately reduced or increased. Although the differences between 
the pairs of groups were statistically signiticant, except for the riboflavin Experiment 
No. 2, the results did not reveal any regular depcndencc on spot size. When there 
was a very large surface area (Esperiment No. I, see Figs. 3 and 4), the difference 
was noticeable, the larger areas yielding lower recoveries. 

COMPARISON OF Rl?XOVERIOS FROM COMPACT AND DIPFUSE SPOTS IrOLLOWING TLC 

Ribo- 
flavin ~.ob I 03 G.:! 7.6 89.9 & I: .8 75.Gzt 2.7 + IS*3 

0.10 z o-7 2 * 5 3.G 85.7 zt 
3.3 

8G.3 f 
3.0 

0.5 340 G.o 5703 rt= 2.4 go.4 f 2.0 -t_ ii:; 

I-l&Cl? 
acetate I ,ob I I.9 So2 4.3 S6.G& 3,s 768 f I.3 4 9.8 

0.10 i 1.0 2-4 s’:,” 91~o-f: 2,s YS.2&- I.1 -I- 2.8 

0.3 2.4 95.0 f I A3 98.3 f 2.0 - 3.5 

4 0.4 2.3 5s 86.1& 1.7 c)o.G,t I.4 - 4.5 

R Results from circh of the pairccl groups of TLC nnnlyscs unclcr comparison wcrc c.sprcswd 
ns a, perccntagc of the mean of the same group of rcfcrcnco rcaclings. 

b Bach series consisted of tight samples from two plates, For the production of compact 
and diffuse spots, see the legcncl of Pig 3. 

0 Ench scrics consistccl of six samples: both pnirccl groups wcra dcvclo1~ccl simultnncously 
in the same tank allowing the solvent to nsccncl4-G cm. Compact and clifYusc spots were producccl 
by appropriate spotting on a. minimnl and maximal arcn, rcspcctivcly. 

The results suggest that spot size may influence the recoveries in the case of 
flavins, but that its influence is unlikely to invalidate the results if the spot areas clo 
not differ to such an extent as in the present experiments. 
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Pig 3. ‘Cho spponrnnco of I-IMP acoGato apots with various surfnco ares19 (Exporimcnt No. I 
from Table II). Left: cxo wns talton to form as thin a, bancl 8s possible at the origin. Right: 
after the front hncl rcnchccl the upper and of the lnyor, the chromrrtopems were loft in the tnnlc 
for ‘18 h to nllow the spots to aprcacl by diffusion, IFor clution (CA Fig. 4) quackangles of the 
samo arca wore usccl for both compnct and cliffuso spots. 

90 - 

90 - 

70 - 

4MF acetate 

Pig. 4, Diffcrcnco in rccovorios for compact and cIifTusc spots (Exporimcnt No, E, Table II; 
C$ Fig. 3). Cocrkionts of vlrriiltion arc tlesign;ttccl by vertical bars. 

I.onger runs would bc cxpccted to cause higher losses owing to the larger 
arnouut of sorbent .with whicl~ the solute has been in contact and because larger 
spots are produced. Table III shows the results of an experiment devised to 

TABLl~ III 

COMPARISON 01’ R&COVERIBS FROM SHORT AND LONG RUN.@ 

of The Irteans, 
slrovt wn 
4,1irrrcs 

long Yun 

Ribolhtvin I 87.3 =t: 366 87.9 =t: x*3 
2 82.8& I,1 7R.z&a.z 

I-IMP acetato 3 gfi.CJj, I.3 8.f.9 & 240 f2.0 

n In Expcrimcnts I and 3, tho diatanco of tho flnvin spots wa,s three times @cater ancl in 
Esperirncnt 2 six times grcntcr in tho long than in tho short run. 

b Sis spots in each group. 
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illustrate this point. For riboflavin, a statistically highly significant decrejse in 
recovery was caused by increasing the length of the run six times (Experiment 
No, 2), but even this unusually large difference in the length of the run was responsible 
for a difference in recovery of only 4.6 Y,. 

lie-solution 
In some experiments, the sorbent that was centrifuged off after the first 

elution was re-suspencled in another portion of the eluent, centrifuged again and 
decanted. These second elutions yielded a recovery of about 5-8 YO for riboflavin 
(after both kinds of TLC) and 2-4 % for HMF acetate on silica gel. The results 
were widely scattered and when they were added to the recoveries from the first 
elution of the same spots, the total values did ,trot show any improvement in homo- 
geneity (i.e., diminished variation). 

CONCLUSIONS 

As expected, there was a tendency for lower yields to be obtained for larger 
spot sizes and longer runs, but these differences were not very marked. It is likely 
that if the standards were run on the same plate and subjected to similar treatment, 
minor variations in spot areas and shapes, lengths of runs or RP values would not 
cause important errors. 

Recoveries were dependent on concentration, decreasing with lower amounts 
of sample. This factor would be covered by the calibration graph in the actual 
analytical procedure (fluorescence signal VS. amount of sample). It is important 
that these recoveries did not show higher coefficients of variation than the results 
of the reference determinations; thus chromatography and elution did not seem 
to contribute any additional inaccuracy to the variation inherent in the pipelting” 
and fluorimetric procedures. 

The results are strictly valid only for the substances and techniques that 
were studied. However, as the two flavins that were studied are examples of sub- 
stances of high and intermediate polarity, respectively, and exhibit higher adsorp- 
tivity than many other organic compounds, and as the sorbents and the solvent 
system used were the common ones, the results may serve as illustrations of the 
degree of accuracy that can be expected in routine TLC fluorimetric methods which 
are based on partition chromatography and include elution from the sorbent. 
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DISCUSSION 

HEATHCOTE: Can you suggest any explanalion for the destruction of a flavin 

on such a mild support: mcclium as cellulose? 

HAIS: Hydroxymethylflavin esters arc rather labile compounds. This is not 

surprising in view of their chemistry (subslituted aminomethyl esters). They are 
rapidly converted to lumichromc in alkaline or strongly acidic media and degraded 
irreversibly by reductants. They undergo rapid irreversible photobleaching, which 
leads to lumichrome, but Ihey am relatively resistant to light, if air is present. 
One conjecture would be that the degradation of hydroxymethylflavin acetate 
was due to the few reducing groups present. in cellulose. 

PROCHAZKA: I wonder whet&or the silicic acid gel could not: have protected 
the labile ester? 

HAIS : The ester does not seem to undergo important: losses when it is dissolved in 
the mobile phase of Ihe butanol-acetic acid-water mixture, even in the absence 
of silica gel. 


