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Analytical and Preparative Thin-Layer Chromatography
of Porphyrin Methyl Esters

) By M. Doss

From the Clinical Biochemistry Laborartory, Hygiene Institute of the University Marburg|Labn, B.R.D.

(Eingegangen am 9. Februar 1970)

Thin-layer chromatography methods on the preparative and analytical scale are presented for the separation of porphyrin methyl esters
according to the number of ester groups in each porphyrin. Complete and sharp separations are obtained on silica gel glass plates or
aluminium cards run in benzene-ethyl acetate-methanol solvent systems. Dicarboxylic perphyrin esters from proto-, deutero- and hemato-
porphyrin IX have also been separated. Modifications of the analytical methods are described for the rapid separation of porphyrins
bearing eight to two methyl ester groups within 10 min on small chromatocards in chloroform-ethyl acetate solvent mixtures.

- . The porphyrins are determined quantitatively by spectrophotometric analysis of the eluted substances, or by fluorescence scanning of

| the bands of thin-layer chromatograms, using the Camag-Turner TLC-scannet. The fluorometric method is highly sensitive and permits
a simujtaneous relative measurement of all bands in the chromatogram. Examples of thin-layer chromatograms in combination with
fluorescence scanning ate presented, demonstrating the application of this new analytical method.

Es werden diinnschichtchromatographische Methoden zur Trennung von Porphyrinmethylestern nach Anzahl der Carboxylgruppen im

PP ——a

Methode.

In recent years thin-layer chromatography (TLC) has
begun to play an essential part in the complex field of
porphyrin research: in the studies both of porphyrin
and heme synthesis in various biological systems, and
of biochemical diagnosis and pathogenesis of porphy-
rias; for the isolation of relatively large amounts of
pure substances from natural sources; and for the identi-
fication of the individual porphyrins in combination
with spectrophotometry, fluorometry, formation of
metal complexes, and fluorescence scanning measure-
ment. The analysis of porphyrins in very low concen-
. trations in urine, erythrocytes, bile, liver biopsy, gastric
4 and duodenal juice has been made possible by means
| of silica gel TLC.
b

o

H
1

In 1958 DeMOLE (1) was the first to catry out chromato-
. grapic adsorption analysis of tetrapyrrole pigments as
|: methyl esters on silicic acid thin-layers. Considerable

progress has since been made, and during the last few

years several workers have described methods for thin-
% layer separation of porphyrins, both as free acids and as
{ methyl esters. These principles are reviewed else-
where (2).
¢ Based upon the work in the authot’s laboratory, this
report describes preparative and analytical chromato-
graphic separation of porphyrin carboxylic acid methyl
esters on thin layers of silica gel.
Porphyrin esters are easily prepared for TLC using
methanol-sulphuric acid mixtures either of isolated
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Porphyrin fiir den priparativen und analytischen Bereich beschrieben. Vollstindige und scharfe Trennungen werden auf Kieselgel-
Schichten mit Lésungsmittelsystemen erzielt, dic aus Benzol-Essigsiuredthylester-Methanol bestehen. Proto-, Deutero- und Himato-
porphyrindimethylester werden ebenfalls voneinander getrennt, Die analytischen Trennverfahren wurden auch fiir Schnellmethoden
auf kleinen Diinnschichtkarten modifiziert, die in Chloroform-Essigsiuredthylester-Lésungsmittelsystemen eine Trennung der Porphy-
rine von acht bis zwei Methylestergruppen innerhalb von 10 Min. gewihrleisten.

Die Porphyrine werden quantitativ entweder durch spektrophotometrische Analyse der eluierten Substanzen oder durch Fluoreszenz-
registrierung der Banden im Diinnschichtchromatogramm im Camag-Turner DC-Auswertegerit bestimmt, Die fluorometrische Methode
ist sehr empfindlich und erlaubt die gleichzeitige relative Messung der einzelnen Porphyrine des gesamten Chromatogramms. Einige
Beispiele der direkten fluorometrischen Messung von Chromatogrammen zeigen den Anwendungsbereich dieser neuen analytischen

porphyrin acids, or of porphyrins from biological
materials of various origins (3—10). The separation
and analysis of the porphyrins as methyl esters has
proved superior to the separation and analysis of the free
porphyrin acids in several respects:

1. the rapid and quantitative extraction of the crude
total porphyrin mixture

2. the high solubility of porphyrin methyl esters in
a small volume of a single solvent, e. g., chloro-
form

3. the many possibilities for preparative and analytical
separations on silica gel layers without preliminary
purification. According to the respective number of
methyl ester groups, the porphyrins appear as sharp
spots or bands, allowing

4, rapid and clear separations on ready-made layers for
diagnostic work

5. analytical thin-layer chromatography by means of
quantitative fluorescence scanning

6. rapid elution of the esters from the adsorbent

7. various combinations with spectrophotometry, and
calculations on the basis of extinction coefficients
alone

8. the identification of porphyrins by the positions of
the absorption maxima in chloroform, along with
chromatographic data



198

Doss: Thin-layer chromatography of porphyrin methyl esters

9. conversion into Zn or Cu chelates, which exhibit
higher absorption in spectrophotometry compared to
metal-free esters

10. the simultaneous separation and determination of
hemin as a methyl ester.

In preparing porphyrins of biological origin, it is
advisable to esterify the whole mixture first, and then
to separate it into its individual components. We start
with lyophilzed tissue or cells, or with dried talc layers
to which porphyrins from fluids have been adsorbed.
Methanol-sulphuric acid is added to this material,
leading to the conversion of the free porphyrin carb-
oxylic acids into methyl esters in the course of acid-
catalyzed esterification. The porphyrin methyl esters
show characteristic lipophilic propetties, and, unlike the
free carboxylic acids, differ from one another only
slightly in their solubility. Thus all the porphyrins with
2 to 8 methyl ester groups in the molecule, correspond-
ing to the biosynthetic sequence, can easily be extracted
quantitatively from a methanol-sulphuricacid-water
mixture, by use of chloroform. The methyl ester extract
is separated by TLC on silica gel plates or cards as
shown in chromatograms of Figures 1 to 3. There is
complete separation of the individual porphyrins, which
are uniform' compounds as regards molecular weight.

Experimental procedure

Porphyrins and protobemin as reference substances

Reference samples of porphyrin methyl esters wete isolated accord-
ing to our own method (3, 5, 6) from urine of Porphyria cutanea
tarda patients, and from cell suspensions (cells plus culture fluid)
of Achromobacter metalcaligenes. The latter is capable of syn-
thesizing 2ll of the porphyrins occurring in the biosynthetic chain
out of d-aminolevulinic acid (purchased from Fluka, Buchs,
Switzerland) added to the culture. For this purpose we used a
final concentration of d-aminolevulinic acid of between 0.1 and
0.5 mm in the culture. Protohemin IX dimethyl ester was pre-
pared from hemin(chloride) purum (Fluka) by means of esteri-
fication, extraction, recrystallization and subsequent further puri-
fication in TLC (9).

Materials and equipment for TLC

For preparative purposes 20 X 20 cm glass plates were cleaned
thoroughly with methanol and coated thinly with 2 layer of Silica
Gel H (Merck, Darmstadt, B. R. D.). This was done with the
aid of a coating apparatus from Camag (Muttenz, Switzerland).
The thickness of the layer can be varied according to need from
0.5 to 2.0 mm.

For the isolation of microquantities of porphyrin and protohemin
methyl esters and for subsequent analysis, pre-coated plates or
cards with a layer thickness of 0.2—0.3 mm are preferable. In
this laboratory the analytical work of TLC is carried out on
silica gel aluminium cards, layer thickness 0.2 mm (Riedel-de Haén,
Seelze, Hannover, B.R.D.), silica gel plates DSF-A, 0.2 mm
{Camag), and Silica Gel Fy, plates, 0.25 mm (Merck).

As a tank for chromatograms ranging in size from 95 x 180 to
200 X 200 mm, a developing chamber from Camag (25250) hav-
ing a flat bottom and inner dimensions of 215 X 215 X 60 mm was
used exclusively. Especially rapid separations are achieved in
micro-tanks (Camag).

The porphyrin solutions were applied either with fine capiliaries,
such as can be drawn out of glass tubing, or with self-filling
micro-pipettes (Camag).

Preparation of biological material for chromatography of porphyrinis as
methyl esters i

Tissues and cells are dried, care being taken to shield them from
light. We prefer to freeze-dry liver tissue, blood cells, micro-
organisms and cell cultures (cells alone as well as cells plus
medium). In contrast, porphysins in liquids such as urine, gastric
or duodenal secretion, supernatants from microbial cultures or cell
cultures are adsorbed on talc (talc: Merck (DAB 7) or Riedel-
de Haén (DAB 6)) after the liquid has been adjusted to pH 4—5
with glacial acetic acid. ‘According to the expected ¢oncentration
of porphyrins, 0.2—0.8 g of talc are added for each 10 m/ of
liquid. Adsorption is complete after one minute, aided by shaking
of the suspension. The talc is either sedimented or removed by
means of a porcelain suction filter. For the isolation of porphytins
from microbial culture (cells plus culture fluid), talc is added,
which adsorbs the cells and the porphyrins in the medium. The
preparation of porphyrins from a suspension of animal cells is
achieved by the usual talc adsoxption in the liquid phase, with
simultaneous sedimentation both of the cells and the talc. After
drying at 35° or freeze-drying of the talc-adsorbed samples, the
porphyrins are esterified with methanol-sulphuric acid as described
below.

Esterification of the porphyrins

Porphytins and protoheme are esterified with methanol-sulphuric
acid (1—>5 vol.-%, conc. sulphuric acid) by suspending the dried
cell material or talc with substances adsorbed to it in methanol-
sulphuric acid. The reaction is complete for practical purposes
within 10 hours at 18—21°. The amount both of adsorbed por-
phyrins arid ‘of talc used in relation to the volume of the esteri-
fication mixture plays an essential role in the rapidity and com-
pleteness of the reaction. Porphyrinogens are oxidized to porphy-
rins by treatment with methanol-sulphuric acid. The continuous
increase of fluorescence after admixture of methanol-sulphuric acid
until 2 constant intensity is reached indicates the oxidation of the
hexahydro-porphyrins to porphyrins, as was observed in the
analysis of bacterial cell-free systems (8). The methyl ester of
hemin is also formed during esterification.

The following is a simple method for analytical amounts: 10 to
100 mg of cells or tissues (dry weight) or 0.5 g talc, on which
the porphyrins from, for example, 10 m/ of urine are adsorbed, are
suspended in about 4m/ of methanol-sulphuric acid (95 4 5,
v + v), which esterifies the porphyrins within 6 hours at room
temperature, or in 30 min. at 35° (Fig. 4). Following the addition
of a like volume of chloroform, the talc is again sedimented, and
the supernatant filtered into an extraction vessel (5). The talc is
stirred up an additional 1—3 times with about 2 m/ of chloro-
form, so that the porphyrins may by completely eluted from the
talc (checked under 2 UV-lamp at 366 nm for red fluorescence).
The solution is drawn off into an extraction vessel, in which the
potphyrin methyl esters are then shaken out against water. Ex-
traction is repeated with 2 m/ of chloroform, in otder to abtain
a complete yield. The chloroform extract is washed to neutrality
with 5 m/ of 2 5% (w/v) aqueous solution of sodium hydrogen
catbonate. Before the solvent is evaporated, it is dried with a
small amount of anhydrous sodium sulphate and filtered. No de-
struction of porphyrins, especially of protoporphyrin, was ob-
served following the esterification procedures.

Preparative chromatography
The preparative isolation of milligram amounts of porphyrins as

methyl esters is carried out on Silica Gel H layers, coated on -

20 % 20 cm glass plates. The separating capacity of a plate depends
mainly upon the thickness of the coat. This can vary from 0.5
to 0.2 mm, depending on requitements. On the basis of our own
experience, however, the quality of separation on the preparative
scale is best in a layer of 0.8—1.2 mm thickness.

An example of thin-layer chromatographic isolation of porphyrins
from the urine of a patient with chronic hepatic porphyria is
given in Figure 1. The methyl ester extract of total porphyrins
was prepared from urine in the followirig manner: The porphyrins
from 1/ of urine the pH of which had been adjusted, to 4 with
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Fig. 1
Preparative separation of porpll¥rins on Silica Gel H thin-layer plates (20 » 20 ¢m) having a layer thickness of 1 mm. Applied in a band 10 cm

wide, about 1 mg of a mixture o

porphyrin methy) esters was separated by running the plate twice (A and B) in the solvent system benzene-ethyl

acetate-methanol (85 + 13 + 2, v + v).-The time for one development was about 40 min, at 21°, The uro- and coproporphyrin methyl ester

reference compoundswere run on the right side of the plate, Data for photographing the chromatograms under two ultraviolet lamps (366 nm): film

liford FP4, lens Jena T (1:2.8, focal length = 50 mm), B+W filter pack OI0 + 090, lens aperture /5.6, exposure time 15 sec; develop-
ment of the film in Ciba-1iford Microphen

glacial acetic acid, were adsorbed under shaking onto 40 g of talc.
The suspension was centrifuged (1000 g, 2 min), the talc resuspended
in methanol-water (1 + 1, v 4 v), and sedimented again; on filter
paper the talc layer was completely dry within 10 hours at 35°.
The filter with the talc was placed in an Erlenmeyer flask, and
200 m/ of methanol-sulphuric acid (95 4 5, v 4+ v) were added
for esterification, which was carried out at 37° in 20 min. Follow-
ing the addition of 200 m/ of chloroform the solvent mixture was
filtered through paper into a separating funnel. The porphyrins
which still clung to the talc were eluted completely with chloro-
formmethanol (4 4+ 1, v + v), heated to 40°. The whole porphyrin
methyl ester mixture was quantitatively extracted with chloroform
against water-methanol. Then the chloroform extract was washed
to neutrality with conc. sodium hydrogen carbonate in aqueous
solution, dried, and the solvent evaporated (see above).

The mixture of porphyrin methyl estets, containing around 1 mg,
was redissolved in 1 m/ of chloroform. The solution was applied
by means of a Pasteur capillary pipette in a band 10 cm wide to
a Silica Gel H plate beating 2 layer of 1 mm thickness. The Camag
tank was charged with 100 m/ of the solvent system benzene-
ethyl acetate-methanol (85 + 13 + 2, v + v), in which the plate
was immediately developed. To insure that the lid sealed the
chamber tightly, it was weighted down with elongate 1kg lead
blocks. The separation of the porphyrin esters can be observed
by the red fluorescence in UV light (366 nm). After the first run
(Fig. 1A) the chromatogram was stored, in this case at —20°, and
developed a second time (Fig. 1B) one day later in the same sol-
vent, likewise without presaturation of the chamber. Each red
fluorescence zone was removed from the silica gel chromatogram
in Figure 1B with a special glass aspirator. This consists of heavy
glass tubing drawn out at both ends and equipped with a sintered
glass filter (pore size 20—25 um) in a central bulb. The apparatus
for drawing up the layers and eluting the potphyrins from them
was first described for quantitative recovery of lipids from chro-
matoplates (11). We have used this type of glass aspirator since
1963 with best results, not only for the quantitative recovery of
porphyrin methyl esters (3, 12) and lipids (13, 14) in the milli-
gram range, but also for microgram quantities both of porphyrin
acid methyl esters (13, 15) and fatty acid methyl esters (14).
Elution of the various substances is carried out within a few
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seconds under moderate pressure from a cylinder of compressed
nitrogen (11). Porphyrin esters arc eluted from the silica gel with
chloroform or chloroform-methanol (95 + 5, v + v).

Analytical chromatography

TLC of porphyrin methyl estets at the analytical level is carried
out on pre-coated silica gel plates or cards (see under Materials).
These plates or cards are first run successively in chloroform-
methanol (2 + 1, v 4+ v) and chloroform-methanol (1 + 2, v 4 v)
solvent systems up to the upper edge, in order to eliminate im-
purities. The plates then are dried, and subsequently reactivated
by heating at 80° for 30 min. This pretreatment leads to 2 better
spectrophotometric and fluorometric analysis of the potphyrin
esters. The porphyrin mixture is dissolved in 50—100 u/ of chloro-
form, and applied quantitatively, cither in bands 2—4 cm in width
with very fine glass capillaries, or as spots, using self-filling micro-
pipettes (see Materials).

Development of the chromatograms

The chromatoplates were developed in the benzene-ethyl acetate-

methanol system as shown in Figures 2 and 3. An initial short run

in chloroform-methanol (130 + 20, v 4 v) for the purpose of

forming a new, very thin starting line is useful in achieving a

sharp separation of the porphyrins. The individual bands can be

seen in Figure 2.

If necessary a cleaner development can be achieved with several

systems in the following manner:

1. Chloroform-methanol (130 + 20, v + v), 1—2 cm, repeated
once; thereafter complete drying in air. A new starting line for
potphyrin methyl ester is formed at the solvent front.

2. Petroleum ether (boiling range 40—G60°)-diethylether (4 4 1,
v + v), 16 cm. Cholesterol ester, triglycerides, waxes, and fatty
acid methyl esters tun near the front, and are thereby completely
separated from the porphyrins.

3. Benzene-cthyl acetate-methanol (85+ 13.5+ 1.5, v+ v),
8—14 cm. The porphyrins are separated according to the num-
ber of methyl ester groups in cach.

4. Chloroform-methanol (100 4 5, v 4+ v), 2 cm, for sharp sep-
aration of hemin dimethyl ester from unidentified material
lying at the statting zone.
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Fig. 2

g .
Separation of total porphyrins as methyl esters (P~ME) from a bacterial

extract by TLC on a Silica Gel F,;, plate (10 x 20 cm). Cell suspensions
of Achromobacter metalcaligenes, grown under aerobic conditions in
a synthetic medium containing lactate as an energy source, synthesize
high concentrations of porphyrins from added d-aminolevulinic acid
(here 0.1 mm). All the porphyrins of the culture were adsorbed to
talc and esterified. After development in the benzene-ethyl acetate-
methanol solvent system (85 + 13.5 + 1.5, v + v), the P~-ME bands
appear as follows, from start to front: P-645, uro-, hepta-, hexa-,
penta-, copro-, tricarboxylic-, and proto-P-ME. The chromotogram
was photographed under UV light (366 nm)

Fig. 3
Silica Gel F,;, thin-layer chromatogram with isolated porphyrin
carboxylic acid methyl esters (P-ME) of microbial origin. The chro-
matographic plate (20 x20 cm) was developed in the benzene-ethyl
acetate-methanol solvent system (85 + 13.5 + 1.5, v + v, 21°, 40
min.). The spots: 1 Proto-P-ME, 2 Tri-P-ME, 3 Copro-P-ME, 4 Penta-
P-ME, 5 Hexa-P-ME, 6 Hepta-P-ME, 7 Uro-P-ME, 8 P-645, 9 reference
substances, from start to front: Uro-P-I-ME, Copro-P-I-ME, and
Proto-P-IX~-ME. The photograph of the porphyrin thin-layer chro-
matogram was taken under the following conditions: object-lens Tessar
1:2.8, f = 50 mm, with a supplementary lens A28.5, f = 1 'm; film
Ilford FP4 ASA 125 (DIN 22), filter light red (090), aperture 5.6,
shutter speed 30 sec., and development of the film with Ciba liford
Microphen

Chromatogram of esterification kinetics of talc-adsorbed prophyrins
from the urine of a patient with porphyria.cutanea tarda. 1—5 esterifi-
cations with methanol-sulphuric acid (99 + 1, v + v) at 20° after
10 min,, 1, 3, 5, and 8 hours; 6 reference substances, copro- and uro-
porphyrin methyl esters; 7—11 esterifications with methanol-sulphu-
ric acid (95 4 5, v +v) at 35° after 30 sec., 2, 5, 10, and 20 min. A
urine sample of 2.5 m! was used in each of the above éxperiments

Dicarboxylic porphyrins o

Deuteroporphyrin dimethyl ester is separated in the solvent sys-
tem benzene-ethyl acetate-methanol * (85 + 13.54 1.5, v+ v)
from protoporphyrin, which has a lower Ry value (Fig. 5). Meso-
and protoporphyrin methyl esters do not separate in this system.
Nonetheless, it is possible to differentiate betweén them on the
basis of the different positions of their absorption maxima in
spectrophotometry (16). As can be seen in the chromatogram in
Figure 5, hematopotphytin IX dimethyl ester migrates only a
short distance from the start; because of its wide separation from
the other dicarboxylic porphyrin esters, it is easily distinguished
from them. Confusion with porphyrins containing more carboxylic
groups, but which behave similatly in chromatography, can be
precluded in the following way: With acetylation of the hydroxyl

- groups in the side-chains, the Ry value of the hematoporphyrins

Fig. 5 .
Chromatogram of dicarboxylic porphyrin methyl esters on a silica gel

aluminium card (95 x 180 mm, layer thickness 0.2 mm), developed in

the benzene-ethyl acetate-methanol solvent system. The position of

the substances: 1 protopoerphyrin IX, 2 deuteroporphyrin IX, 3

mesoporphyrin 1X, 4 hematoporphyrin IX, 5 uro-, copro-, and proto-
porphyrin methyl esters of the isomer 111 series

Z. klin, Chem. u. klin. Biochem. / 8. Jahrg. 1970 / Heft 3
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IX dimethyl ester increases considerably (12); in contrast, the Ry
values of the porphyrins without hydroxyl groups remain un-
changed under these conditions.

Isomers of the I and I1I series of copro- and uroporphyrin

The adaptation for TLC of methods for separating both copro-
porphyrin and uroporphyrin isomers of the I and I series, orig-
inally involving paper chromatography (16), has been mentioned
in a previous paper in this journal (17). The critical aspects of this
method are discussed and summarized in a review article (2).

Rapid methods

Rapid separations are achieved on small (30 X 90 mm) silica gel
cards (layer thickness 0.2 mm), which have been cut from 95 x
180 mm TLC cards (Riedel-de Haén 37351). Thesc ““microcards®
are developed in micro-tanks (Camag), using solvent systems con-
sisting mainly of chloroform (analytical grade, containing 19
ethanol), to which small volumes of methanol or ethyl acetate are
added, so that the porphyrins may be separated from one another.
The chromatograms in Figure 6 show the variation of Ry in
response to the amount of ethyl acetate added to the chloroform.

- Here the porphyrin mixture in chloroform solution was applied

by means of very thin glass capillaries. However, it is easier and
faster to apply the solution with self-filling micro-pipettes (Camag).

Fig. 6
Rapid separation of porphyrin methyl esters in micro-tanks on silica
gel aluminium chromatocards (30 x90 mm). Solvent systems chloro-

form (containing 1% ethanol)-ethyl acetate (v + v): 1 (95 + 5),
293+ 7)), 3(0+10), 4 (%8(.;% 12),255) (85 + 15), 6 (80 + 20), and
+

After the samples have been applied 2 new starting point was
formed by dipping the lower edge of each card into a small open
Petri dish (diameter 50 mm) containing chloroform-methanol
(130 + 20, v + v). Following this, the methanol must be allowed
to evaporate completely from the silica gel. The micro-tanks are
each filled with 5 m/ of one of the solvent systems described in
the legend to Figure 6. The chromatographic cards are imme-
diately developed in this system, running 12 min at 20° to a
height of 8 cm. The solvent systems 2 to 5, as listed in the legend
to Figure 6, give full separation within 5 min after only 5cm,
comparable to the results in system 1. When the chromatocards
were spotted with self-filling micropipettes, no tailing was ob-
served in amounts up to 2 ug of the porphyrin esters.

Detection and docsmentation

The porphyrins on the chromatogram are recognizable by their
red fluorescence in ultraviolet light (3500—3660 A). The efficiency
with which porphyrins are made visible in chromatograms on the
basis of their fluorescence under long-wave UV radiation depends
upon the properties of the lamp. Mercury high-pressute lamps
(e. g., “Fluotest forte’ from Original Hanau Quarzlampen, Hanau,
B. R. D.) ate the most efective. With such lamps as little as 2 ng
of porphyrin may be seen on a silica gel arca of 1cm? 0.20 mm
thick. The detection of the potphyrins which fluoresce in red may
be intensified by spraying the chromatograms with iso-octane (16),
petroleum ether, or benzene.

In order to obtain permanent tecords of the chromitograms a
special technique has been described for the photographic repro-
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duction of porphyrins and hemin in silica gel thin-layer chromato-
grams under long-wave ultraviolet light (18). Standard conditions,
including equipment (camera, lenses, UV lamps), specific filters,
and light values, permit the registration of porphytins through
their own fluorescence. Even minimal amounts, i. ., up to 1 ng,
can be captured in color as well as in black and white, both on
negative and reversal films, The photographs allow an approximate
cstimation of the relative concentrations of porphyrins present in
the chromatogram.

Fluorometric scaming of chromatograms

Ditect evaluation of porphyrin bands or spots on a chromatogram
is performed using the principle of fluorometry on the TLC
Scanner (Camag, Muttenz, Switzerland). For the analysis of por-
phyrins the Turner filter fluorometer model 111 was equipped
with the red-sensitive photomultiplier HTV-R136 (Hamamatsu
TV Co., LTD, Japan); the fluorometer was modified with the
Camag TIC Scanner, and connected to a Hitachi tecorder QPD-
33, 10 mV,

The fluorescence scanning conditions for silica gel chromatograms
of porphyrins are: light source 110-853, primary filter 813, second-
ary filter 820; position of the diaphragm aperture at primary
filter ““30x™; velocity of the TLC Scannetr 1 or 2 cm/min. The
intensity of the primary light is regulated with gray filters and/or
adjustment of the width of the excitation slit in order to achieve
an optimal resolution, i. e., separation of the peaks, of which the
highest should take up nearly the full span of the recording paper
(Fig. 7). The registered fluorescence intensities are evaluated
geometrically by multiplying the height of each peak by its width
at half the height (Tab. 1), provided the peak is nearly symmet-
rical.
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Fig. 7
Silica gel thin-layer chromatogram with methyl esters of uroporphyrin
111, coproporphyrin 111, and protoporphyrin I X, developed in benzene-
ethyl acetate-methanol (85 + 13.5 + 1.5, v + V), and the correspond-
ing fluorescence scanning chart of the same chromatogram, recorded
on the Camag-Turner TLC-Scanner, The geometric measurements of
the peak areas are listed in Table 1

Spectrophotomeltric analysis

The simplest method, although not the most sensitive, is the
spectrophotometric analysis of a chloroform solution of the por-
phyrin methy! ester after the esters have been cluted out of the
silica gel with chloroform. The concentration is calculated on the
basis of the absotption in the Soret band (see Tab. 1). In chloro-
form solution the individual potphyrin methyl esters have the
following millimolar extinction coefficients: Protogers 165,
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Tab. 1

i sis of a thin-layer chromatogram (shown in Fig. 7) containing porphyrin methy! esters, by means of fluorescence scan-
Compansolx:i:é t/l:s?lga;gectrophotometyic measuremegnt in chloroform solution following elution of the esters from the silica gel layer

Porphyrin

Materials
methy! esters

Source of the Pre-coated
porphyrins plates (cards)

Total amount Porphyrins (%)

(ug) recovered
fgrom TLC

y Yy
Spectrophotometry Fluorometry

TLC-plate Proto-IX
Silica Gel Copro-I11
Fase Uro-{

Reference
substances

26.6
28.0
454

25.2
22.5
52.3

1.91

COpProsse.s 180, pentager.o 189, hexamg,s 198, hcpta4o4,o 207, and
urosns.s 216. Further data, especially for dicarboxylic and other
porphyrins, have been collected by Fark (16). The lower limit
of accuracy of measurement on a non-expended scale for the
porphyrin methyl esters in chloroform solution lies at 0.1pug
(d = 1 cm, measured volume 1 m/).

The transformation of the porphyrin ester into metal complexes
through the insertion of, for example, copper or zinc into the
central position of the cyclic tetrapyrrole brings with it a signif-
jcant increase in the molar absorption in the Soret band. The
copper chelates are obtained after the solvent has been evaporated
and the porphyrin methyl esters dissolved in a solution of Cu(Il)-
acetate 0.19, (w/v) in chloroform-methanol (19 + 1, v -+ v). Zinc
chelates may be obtained in a similar manner. Following com-
plete removal of chloroform, the porphyrin methyl ester is dis-
solved in solution of Zn acetate 0.59%, (w/¥) in chloroform-meth-
anol (19 + 1, v -+ v) (19). Porphyrin estets in analytical amounts
are converted into Cu chelates within 10 min., and into Zn chelates
within 30 min, at room temperature. Under long-wave UV light
the Zn chelates exhibit an orange-colored fluorescence, in contrast
to the Cu chélates, which do not fluoresce in the visible range.

Results

As shown in an earlier paper (3), the precision and
therefore the preparative and analytical application of
the method for separating porphyrins in the form of
their methyl esters by silica gel thin-layer chromato-
graphy has been increased. In addition, it was possible
to develop modifications for a rapid method. In principle
the porphyrins are separated according to the number of
methyl ester groups in the molecule (Figs. 1—4). The
rapid methods, which permit a separation within 10 min
(Fig. 6), are preferable for the biochemical diagnosis of
disturbances in porphyrin metabolism. As is shown in
Figures 4 and 12, only 2 m/ of urine are necessary for
a diagnosis based on findings in thin-layer chromato-
graphy. Similarly, a porphyrin methyl ester extract from
2 m/ of normal urine is sufficient for demonstrating co-
proporphyrin satisfactorily by use of the rapid method.
The chromatograms or cards pre-coated with abrasion-
resistant silica gel layers can be kept for several years as
original documents, provided they are stored under 0°.

Tab. 2
Determination of the porphyrin; from the chromatogram shown in
ig. 2

Substance Soret absorption Amount (ug)
eluted maximum (nm) recovered
in chloroform
Proto 408 0.41
Tricarboxylic 404 ca. 0.07
Copro 400 0.59
Pentacarboxylic 401 0.22
Hexacarboxylic 402 0.15
Heptacarboxylic 404 0.72
Uro 406 17.58
P-645 396 ca. 0.20
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. Fig. 8
Esterification of the porphyrins as a function of the number of carb-
oxyl groups in each, time and temperature of the reaction, and concen-
tration of methanol-sulphuric acid. Source of the porphyrins: urine
from a Porphyria cutanea tarda patient (see Fig. 4). A: Esterification
at 20° with methanol-sulphuric acid (99 + 1, v + v). B: Esterification
at 35° with methanol-sulphuric acid (95 + 5, v + v). : number
of carboxyl groups in each porphyrin

Esterification of the porphyrin is equally effective with
5 vol. %, methanol-sulphuric acid for 20 min at 35°, or
with 1 vol. 9, methanol-sulphuric acid for 8 hours at 20°
(Fig. 8). As is to be seen on chromatograms from these
studies (Fig. 4), the kinetics of esterification of the total
porphyrins in the two experimental series is different
(Tab. 3). The rate of esterification of the iadividual
porphyrins depends upon the number of carboxyl
groups per molecule. The reaction proceeds very
similarly under various conditions (Fig. 8). The ratio
of the volume of urine from which the potphyrins have
been adsorbed (total potphyrin content 1.1 ug/m/) to the
volume of the esterification mixture was 2.5:1. Parallel
experiments under these conditions showed esteri-
fication to be practically complete with 1 vol.%, metha-
nol-sulphuric acid at 35° after 90 min, as well as with
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Tab. 3
Total esterification (%) of a porphyrin mixture under various conditions
Time (hours) 0.6 1 3 5 8
1 vol. % methanol-
-sulph;(;‘jc acid Traces 3 28 65 100
Time (min) 0.5 2 5 10 20
5 vol. % methanol-
-sulph;srgc acid 14 71 76 100 100
Tab. 4

The influence of shaking upon the esterification of porphyrins from
porphyric urine adsorbed on talc
Conditions of the experiment: 56 m! urine, pH 4.5, 0.2 g tale, addition
of 2 m! of CH;OH-H,80, (95 + 5, v + v), 15 min_at 35°, stationary
or oscillated horizontally at a frequency of 309/min. Analysis:
direct fluorometric analysis of the porphyrin esters in the thin-layer
chromatogram, using the Camag-Turner TLC-Scanner

Percent distribution of pophyrins in the
mixture according to the number of carb-

oxyl groups
Esterfication
15 min, at 35° 4 5 6 7 8
stationary 4.7 4.4 2.8 40.1 48.0
oscillating 4.5 4.1 3.0 38.8 49.6

5 vol. 9%, methanol-sulphuric acid at 20° after 4 hours.
Shaking had no effect upon the esterification (Tab. 4).
The analysis of the porphyrins in these esterification
experiments was carried out on thin-layer chromato-
grams using fluorometry. The percent distribution of
the individual porphyrins in the course of esterification,
based on the relative areas under the peaks, is summar-
ized in the curves in Figure 8. No destruction of the
porphyrins with 4 to 8 carboxyl groups was found
during esterification under conditions of moderate
warmth, as compared with those at 20°, either in these
experiments (Figs. 4 and 8), or after esterification with
5 vol. 9, methanol-sulphuric acid for 10 hours at 35°.
Protoporphyrin is practically completely esterified with-
in 5 min in 5 vol. %, methanol-sulphuric acid at 20°;
after 15 min at 35°, neither qualitative changes nor
reduction of yield occurred.

The methods described in this paper were applied ex-
clusively and on principle to dried biological samples or
isolated substances. Minute traces of water do not
disturb the esterification, but even 5—10%, water in the
methanol leads to substantial losses of yield (about 30%,
of the copro- and 209, of the uroporphyrin).

In preparative work, it was possible to separate around
2 mg of porphyrin methyl ester into components bearing
8 to 2 carboxyl groups, using 2 20 X 20 cm plate with
a layer 1 mm thick. If 2 methyl ester mixture is applied
in which one of the porphyrins has been previously
concentrated, the capacity of the plate is considerably
greater (12). As shown in Figure 1, separation is effected
of uro- and coproporphyrin, and of the intermediary 7-,
6-, and 5-COOH porphyrins, which are mixtures of the
isomers I and III series. The red fluorescent zones lying
below the uroporphyrin methyl ester were eluted and
esterified once again. After recovery of the methyl ester
in the usual way, the material was rechromatographed.
Chromatography and spectrophotometric analysis of the
eluted substances showed that two of these bands, seen
in Pigure 1, consist of iricompletely esterified uro-and 7-
COOH porphyrins. This finding is in agreement with the
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observation of other investigators (20) in their reports
on the isolation of urinary porphyrins. Beyond this,
the porphyrin mixture visible below uroporphyrin in
the chromatograms (Figs. 1, 4, and 11) contains a2 whole
series of porphyrin substances with unusual absorption
maxima, along with porphyrin zinc complexes, the
occurrence of which is typical for Porphyria cutanea
tarda.

IE one wishes take advantage of ready-made thin-layer
plates, cards, or sheets for isolating porphyrins on a
microgram scale, e. g., to be used as reference substances,
the Camag plates are especially suitable, since the layer
is easier to remove than that of other pre-coated silica
gel TLC brands. In addition, the elution of the porphy-
rins from the sorption layer takes place with unusual
rapidity in comparison with other forms of silica gel.
Applied in 2 band 16 cm wide, 100—200 ug of a mixture
can be separated for use as test substances. One needs
no more than 10 ng of each reference substance, applied
as a spot, for one chromatogram. We prepare a mixture
of proto-, copro- and uroporphyrin methyl esters, which
is stored at —10°.

A chromatogram on a pre-coated silica gel plate run
in the standard benzene-ethyl acetate-methanol system
(85 + 13.5 + 1.5, v + v) is shown in Figure 2. On it
a complex porphyrin mixture is separated. The porphy-
rins were extracted from a culture of Achromobacter
metalcaligenes, which produces porphyrins containing
eight to two carboxylic groups from added d-amino-
levulinic acid (8) (a known porphyrin precursor), and
a hitherto unknown substance. The latter was also isola-
ted and appears at position 8 in Figure 3 after rechromato-
graphy. The amounts of porphyrin in the individual
bands shown in Figure 2, eluted and then analyzed in
chloroform solution by spectrophotometry, ate given
in Table 2.

Some of the substances were pooled from two plates,
such as those in Figure 2, and rechromatographed; the
chromatogram is presented in Figure 3. The samples
were applied to the plate with self-filling micro-pipettes
(Camag). Bach spot contains ca. 0.1—0.4 ug of porphy-
rin. During the development no tailing was observed.
In the substance in position 8 of Figure 3, no hydroxyl
groups were to be detected in the side chains (16), as
would be characteristic of hematoporphyrin IX (12).
The shade of red fluorescence under UV light (366 nm)
does not differ from that of other porphyrins. However,
the fluorescence emission maximum of the substance in
chloroform solution lies at 650 nm. Preliminary spectro-
photometric analysis of this substance reveals only four
absorption maxima: at 396 (16), 495 (1), 595 and 645
(3) nm. The relative intensities of absorbance are shown
in patentheses. Because of the relatively strong absorp-
tion band at 645 nm, the substance was previously
denoted “porphyrin 645”. Since biosynthesis of
“porphyrin 645” is dependent on the concentration
of the added precursor, and varies according to the
rate of synthesis of uroporphyrin, it is assumed that
“porphyrin 645” is not a degradation product.
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Fig. 9
Silica Gel DSF-A thin-layer chromatogram showing the separation of
erythrocyte protoporphyrin (P) from protohemin (H). The substances
were obtained from 0.1 m! of lyophilized erythrocytes of a patient with
erythropoietic .protoporphyria (2). For reference substances (1) see
legend to Fig. 3. Before the run a new starting line was formed in the
chloroform-methanol system. The data for photographing the chro-
matogram are identical to those given in the legend to Fig. 3, except
that the exposure time was 4 min

In the analysis of erythrocytes (Fig. 9), hemin, which is
split from hemoglobin during esterification, was esteri-
fied parallel to free protoporphyrin, as can be seen in
a sample from a patient with erythropoietic proto-
porphyria (4). In the solvent system used, hemin methyl
ester migrates only slightly, and only when present in
great amounts in the porphyrin extract solution (Fig. 9).
Hemin can be recognized as a brownish-black spot or,
if present in very small amounts (<< 1 ug), demonstrated
with o-tolidine reagent (16). A more extensive metho-
dological study on the TLC separation of porphyrins,
hemin, and lipids on Silica Gel H plates for determina-
tion of erythrocyte porphyrins in form of their methyl
esters has shown the chloroform extract after
esterification of porphyrins contain fatty acid methyl
esters, cholesterol, small amounts of sphingomyelin,
traces of glycerophosphatides, and large amounts of
hemin methyl ester (15). The lipids were detected by
TLC and gas-liquid chromatography. During esterifica-
tion of erythrocyte porphyrins and protohemin the
fatty acids of glycetophosphatides are trans-esterified
to methyl esters. This was shown in gas-chromato-
graphic analysis of these fatty acid methyl esters, re-
covered from the chromatogram, in comparison with
the analysis of those prepared by rapid alkali-catalyzed
trans-esterification of isolated erythrocyte glycero-
phosphatides (15) with sodium methylate (14). On the
chromatogram the fatty acid methyl esters lie at the
front, and can be seen as light blue zones under UV
light (366 nm).

The prosthetic group of cytochrome b is involved along.

with the porphyrins in esterification,"extraction, and
chromatography of the porphyrin methyl esters. It then
occurs in the form of protohemin methyl ester, which
is separated from the porphyrin methyl estersin chromato-
graphy (see Experimental Procedures) and analyzed on
the basis of the difference spectrum (reduced minus
oxidized) (21). .

Ina previous study on fluorescence scanning of porphyrin
methyl esters in thin-layer chromatograms, it has been
shown (22) that quantitive analyses are possible, based
on reproducibility of 1—6Y%, related to the standard
deviation from the mean (variation coefficient). The
studies were continued using the Camag-Turner TLC-
Scanner, the design and operation of which are described
elsewhere (23).

The equipment for fluorometric scanning of porphyrin
methyl ester separated on ready-made abrasion-
resistant analytical silica gel cards - or plates is described
in the experimental part of this paper. In Figure 7 a
thin-layer chromatogram with reference spots of proto-,
copro-, and uroporphyrin is shown in conjunction with
its corresponding fluorescence scanning chart (Tab. 1).
Under the conditions described under Procedutes, a
linear relationship was found between peak area and
porphyrin concentration, as well as between peak area
and the variation of the width of the excitation slit
between zero and 3.5 mm. The height of the slit of the
TLC-scanner is fixed at 15 mm. On the basis of these
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Fig. 10 '

The distribution of the porphyrins of a urine sample, as recorded in

fluorescence scanning (A) of the chromatogram No. 1, shown in Fig. 11,

in comparison with the reference substances (B). The width of the

excitation slit for A was 1.95, and for B 2.6. 4 to 8 denote the number
of methyl ester groups in the porphyrins
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results, quantitative. methods for analytical thin-layer
chromatography of porphyrin esters can be worked out,
using direct luorometric measurements from the chromat-
ograms. Chromatograms with sharp separations of por-
phyrins are scanned, giving fluorescence charts which may
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Fig. 11

Thin-layer chromatogram using DC aluminium cards SI (Riedel —de
Haen 37 351). The porphyrins are from two urine samples (1 and 3,
10 ml each), taken on different days from the same patient with
Porphyria cutanea tarda. They exhibit only slight differences in the
concentration of the individual porphyrins, which were separated as
methyl esters and recorded by photography as described in the legend
to Fig. 3. Sample 1 contains relatively more coproporphyrin and some-
what less heptacarboxylic- and uro-porphyrin. Fig. 10 shows the
fluorescence scanning chart of this separation. As is evident in a
comparison to the positions in the chromatogram of the reference
porphyrins uro I, copro 111, and proto 1X methyl esters (2), this human
urine contained no dicarboxylic porphyrins. Before developing the
chromatocard in the benzene system, a sharp starting line was formed
by a short run, repeated once or twice, exactly up to the upper limit

: of the applied material, in the chlorofrorn-methano! solvent system

(130 + 20, v + V), followed by thorough drying in an air current

be conveniently employed for calibration, as presented in
Figures 10 and 12. The chromatograms from which the
fluorescence scans were made are shown in Figures 11
and 13. The legend to Figure 13 contains a summary
of 2 more detailed rapid method for preparing porphyrin
methyl ester extract from urine for separation by TLC.
When small samples are applied with self-filling micro-
pipettes (Fig. 13), the porphyrin ester spots on the
developed chromatogram have an area which falls
completely within the field of the fluorescence TLC-
scanner. In this way the concentration can be determined
by direct fluorescence scanning in comparison to 2
known standard misture (Fig.12). In contrast, the
scanning chart shown in Figure 10 represents relative
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Fig. 12
Fluorescence scanning chart of entire spots of the porphyrin methyl
esters (P-ME) separated in position 3 on the chromatogram in Fig. 12.
Width of the excitation slit 2.6 on the scanner scale. S = start (first
peak: non-porphyrin material; second peak: nonesterified uroporphy-
rin; see chromatogram); F = front peak of the solvent system; 8 to 4:
uro-, heptacarboxylic-, hexacarbé)ﬁ'gc-, pentacarboxylic-, and copro-

~

Number of Methy! Ester Groups in Porphyrins
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Fig. 13
TLC separation of urinary porphyrins (human porphyria cutanea
tarda) on a silica gel card (Riedel — de Haen) for the direct fluorometric
measurement of the entire spots as shown in Fig. 12. The porphyrins
from 10 ml urine, containing 1.21 ug of total porphyrins per ml, were
adsorbed on 0.5 g talc and centrifuged after adjustment of the urine
sample to pH 4 with glacial acetic acid. The talc, sedimented by short
centrifugation and resuspended in methanol, was sedimented again
and dried at 38° (water bath) within 5 min under an N,-stream, then
esterified with 3 ml of methanol-sulphuric acid (97 + 3, v + v) at 35°
for 30 min. The porphyrin methyl esters were extracted as described
in the text. After complete evaporation of the solvents the esters were
dissolved in 200 ul chloroform. From this solution 40 (1), 50 (2), and
60 (3) ul, corresponding to 2, 2.5, and 3 m/ of urine, were applied on the
card with 10 ul self-filling micro-pipettes (Camag). After the applica-
tion of test substances (4) the card was developed as described in the
lezend to Fig. 11. The largest spot, uroporphyrin methyl ester in
position 3, is 9 mm wide and 6 mm high

Tab. 5

Comparison of the analysis of six thin-layer chromatograms, each containing porphyrins from 10 m! of porphyric urine, by means of fluorescence
' scanning versus spectrophotometric measurement in chloroform solution

Analysis (n = 6) by

Spectrophotometry % Fluorg/metry
. 0

Pl‘?;gt'}‘);"]m % s e sx v-% b4 s sy V-% b s sz V-%

esters (- 10~ (- 10-%) (10~ (-10-%) (- 10-3) (- 10-%)
X 2.3 3.47 9.8 4.0 2.0 645 35.6 14.5 5.5
%2?1{2 822115 éig (1).8 2.9 487 121 5.0 3.0 523 1715 7.1 33
Hexa 0.78 1.9 0.8 24 445 139 5.7 3.1 405 464 18.9 11.4
Hepta 5.65 9.6 3.9 1.7 32.06 37.7 15.4 1.2 33.37 448 18.3 1.3
Uro 9.72 10.1 4.1 1.0 55.15 38.5 15.7 0.7 50.65 39.6 16.2 0.7

% mean, s standard deviation, sg standard deviation of the mean, V-% variation coefficient
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Tab. 6
Separation of porphyrin methy! esters on various silica gel plates or sheets in the benzene-ethyl acetate-methanol system (85+13.5+1.6, v 4+ v)

Ready-made silica gel Layer Tlrge ‘5:‘1(1,n)_ ng;ity c}::x;gh‘-}l;igh?‘;.;g;ets&
plates or cards thick- R values (x 100) of orfner?t for separation  grams under UV
Type mm PROTO COPRO PENTA HEXA HEPTA URO 10 cm light (366 nm)
. from start

Plates DSF-A 0.2 88 62 50 38 29 20 36 sharp intense

(Camag) .

Sheets MN-Polygram 0.2 91 60 43 30 20 11 _31 sharp intense***)

Sil N-HR

(Macherey-Nagel & Co.) ) .

Plates F,,, 0.25 93 78 63 52 42 30 39 sﬂarp very intense

(Merch) X

Aluminium sheets 0.25 92 80 67 56 47 32 35 diffuse*) intense

(Merck) .

Aluminium sheets F,;, 0.25 91 79 67 55 43 29 40 diffuse*) intense

(Merck)

DC cards SI ., 0.2 86 65 50 38 28 18 52 very sharp very intense

(Riedel-de Haen)

Plates 0.25 74 48 35 25 ° 17 9 36 very sharp intense***)

(Schleicher & Schiill)

Plastic sheets 0.25 83 - 51 39 30 22 14 36 very sharp moderate***)

(Schieicher & Schiill) :

Cards Siiufol UV254 0.1 97 87 7 67 56 40 43 fairs) moderate

(Serva)

Sheets without 0.2 87 59 43 31 21 13 58 very, sharp very intense

fluorescence indicator

(Woelm)

Plates without 0.3 62 37 25 17 11 6§ 29 sharp**) very intense

fluorescence indicator
(Woelm)

Chromatographic conditions: Camag-chamber (25250), 100 m! solvent system, non-saturated atmosphere, temperature 22°, The starting line lies

2 cm from the lower edge

*) Separation is improved in chloroform (p. a., containing 19 ethanol)

**) Separation is improved in benzene-ethyl acetate-methanol (85 + 13 + 2, v + V)

**x) BRest detected on dry chromatograms

measurements of the porphyrin ester bands of a sample
separated on the chromatocard in Fig. 11. The porphyrin
zones of 6 chromatograms of this type, which had been
made under identical conditions, were rapidly eluted
with chloroform as described, and analyzed by spectro-
photometry (6). The values for the percent composit-
ion of the porphyrin mixture, obtained both by spectro-
photometry and fluorescence records, are given in
Table 5. These data indicate relatively good agreement
between the analyses in which the different methods
were used.

However, it must be concluded on the basis of these
studies that the fluorometric scanning of the porphyrins
under the conditions described does not fully correspond
to the spectrophotometric values for each porphyrin.
On the basis of the quotients of spectrophotometric to
fluorometric analysis of each porphyrin (Tab. 5) factors
can be calculated, with the help of which the percentage
of each porphyrin as determined fluorometrically can
be converted into the same dimensions as the values
obtained by spectrophotometry.

The fluorescence scanning method is highly sensitive
(up to 10 ng of porphyrin), and was employed for the
registration of both proto- and coproporphyrin esters
from gastric and duodenal secretions (9, 24), and of
porphyrins from liver needle biopsy (25), separated on
silica gel cards.

Discussion

The high quality of separation, reproducibility, rapidity,
and simplicity of the differentiation of porphyrins as
methyl esters in TLC on silica gel in combination with

fluorometry and spectrophotometry fulfills the basic
requirements for a useful microanalytic method. The
application of this method in clinical-chemical diagnosis
must, however, be facilitated by an even more extensive
standardization of the individual steps.

Whereas the separation of the porphyrins according to
the number of methyl ester groups is optimal, especially
for analytical amounts, the problem of separating the
isomers has not yet been solved to comparable degree.
The products commercially available are not all equally
suitable for the separation of porphyrin methyl esters
by TLC on ready-made silica gel plates or cards as
described in this paper. Several of the commercial TLC
plates and cards were tested under standardized condi-
tions (Tab. 6). A comparison of the chromatograms
reveals differences in their separation properties, as well
as in the intensity of fluorescence of the porphyrins. A
satisfactory separation is probably possible on all ready-

made silica gel films tested, when the conditions under

which the chromatography is carried out are suitably
modified (chamber, solvent system, saturation of the

atmosphere). The fluorescence of the porphyrins is

most intense on certain silica gel aluminium sheets

(Tab. 6). .

On the basis of our tests the separation of porphyrins or -
their methyl esters in talc (26) offers neither theoretical

nor practical advantages over that in silica gel. The

separation of the porphyrins according to Ry values,

which increase with the number of carboxyl groups,

does not appear advantageous in those cases in which

uro- and heptacarboxylic porphyrins are the main

components of a mixture. This is so in urine and liver

tissue in Porphyria cutanea tarda (25), or in liver cell
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cultures (5), and certain bacterial suspensions (8) Fig. 2),
to which d-aminolevulinic acid has been added toenhance
the biosynthesis of porphyrins and heme. In analogy
to the separation of lipids in TLC (13, 27) we prefer

to separate a mixture of the most polar substances in
the lower Rp range, using a lipophilic solvent system.

This work was supported by a generous grant from the Deutsche
Forschungsgemeinschaft.
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