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The quantitative separatism af porphyrins and protohaemin as methyl esters 
by thin4ayew= chromatc~graphy 

When k~es$&nUo~irs have reported on the qualitative differentiation of por- 
l@l@Hll!s ItDy tt&nn-llalyelr ~lhlr@Xrllnatogrphy fTLC)~‘+ Among porphyrin derivatives, 
te4za@lnenn&~01rl@lkr~es~ llmve a&o been qluantitatively separated by TLC. The present 
iinve&@attic shoed %lh& the porph@ns. iin bxiological material (urine, bacteria and 
~cunlkunre ftWfra&e+) ~XWD k qunarntiitativdy separated on silicic acid after transformation to 
tt.hek nnnetinyll e&ens ((ME))_ T%.iis ~procedure can also8 be used for the isolation and deter- 
A.r~~ti~nn OB t&e p~ro&obaennn~ di-RllE. The Patter is formed during the esterification of 
pO@inylrkls. 

Bdunn&uliulfns aiwud vRll~nnno~uns 
almomnnauopll~u~ ((TQ) x 20 (~pllll)) were Dayeted with Silica Gel II (10-40 p) according 

U_O 5r~rtna. ((E. Mkcclk, DarnmAkudtt)) ; they were 0-5, mm in thickness, activated at 105 O for 
&D ~&II, aumd devellope~U by the nsuall ascending technique for 10-12 cm in 20-25 min 
irrm ttltne ffonkvk~g dhdt h*6333~: 

((A)) s E o ZWRR x s mu ffbr #xwjMzy~w B!fE. Benzene-ethyl acetate-methanol (BEM) n Jl 1 
((85: rns:z.. v/v)), TRne px~~@-~~yr&n ME are separated according to the number of carboxyl 
.guonnpsn annd (can be vknaLDised bly thei~r red fluorescence in U.V. light (355 nm) . 

((B)) So~lz~.rrrol s~shkwn Jim Z’nae~mF~n l!UE_ Chloroform-methanol (CM) (94 : 6, v/v). The 
llnz~~~un&n NE is tr&AkcUd by co~nnnpatiso~m ctitb the ,test substance (a brownish-black spot) 
OH a&nenn in a-ehqs- snrnalUl aurn~co~nnrmts; (i< 1 bug)) with o-tolidine reagent”. 

YEJute! p~orlpJh~yrrkm~ ME, prepared fro8rn culture fluid”, bacteria”, or urine; with 
7mkItn~d-~~4 (5, a70d. ?&)), a181ter aksoltil;llg in chloroform, were applied in a linear 
pattUem (onro UVne tdhnmmaUo~pllaU~_ The develolpment of the chromatogram, with the 
~~bstk~~~ i~Jkuueull, inn the sodvent system BEM (saturated atmosphere) is shown in 
Fig* It, lEW?Ahl n&l flunco,t siiniica gell zo~ne iis removed by means of a layer-suction and 

IFi& u.. Tlllniiun-lla~~-car cllumr~~unuat!~gmmn~ ((Siillica Gell l!-Q, Solkent system : benzene-ethyl acetate-methanol 
((So: .og::‘a,, a-!/v)); ~qpJhq&~ ikdliicalteall lby photography under U.V. light. Porphyrin ME : x = Meso 
lx; ‘2 = &~~WRCN 1~; 3 = ,~WID&JI IIS; g = copro~ IIIB; 5, = pentrtcarboxylic; 6 = hexacarboxylic; 
7 = lln~ptt;ul~lb~os~n~C; 8 = IWKJI 811 II ; q-8 are iisokutecll from porphyric urine. 
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Y TABLE I 

!% 
IO RF VALUES(X rOO)OFMETHYLESTERS OF PORPHYRINS AND PROTOHAESIIN 

Solver1 t system l Terrrperuture Porphyrins 

(“Cl 
Meso Proto Derdero Cop0 Perrtacar- Hexacar- Heptacar- Uro Haemirr 

boxylic bosylic boxylic 

Ii 3 

52 39 36 34 7 

45 

75 

85 85 so 66 

Porphyrin ME migrated with the front 

* See text for details of the solvent systems. 
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elution apparatusa. Proto-, copro- and penta-carboxylporphyrin ME are eluted with 
chloroform, hexa-, hepta- and uroporphyrin ME with chloroform-methanol (g : I, v/v) 

under nitrogen. The photometric analysis of proto-, copro- and uroporphyrin ME in 
chloroform is carried out on the basis of the millimolar extinction coefficient of I?ALI@. 

Protohaemin di-ME, extracted after esterification from bacterial preparations”, 
remains in the BEM system at the starting point. It is eluted with chloroform-methanol 
(4: I, v/v) from the silica gel and is purified by the CM system. 

In the benzene-ethyl acetate-methanol-butanol (BEMB) system (82 : 14: 3 : I, 

v/v), a slight migration of the haemin ME occurs and separation of the whole porphyrin 
mixture is achieved. This system was mainly used for the isolation of proto-, copro- 
and uroporphyrin ME7 and haemin ME6, It is, however, not as suitable for the isolation 
of the penta-, hexa- and hepta-carboxylporphyrins as the BEM system. The RF values 
of the systems are summarized in Table I. Meso- and protoporphyrin ME cannot be 
separated in these systems. 

Resdts 
The recovery rate of the porphyrin ME, with the exception of the relatively 

unstable protoporphyrin IX di-ME, is over go o/O. The limits of error in the individual 
analyses permit the use of the method for analytical purposes (Table II). 

TABLE II 

THE RECOVERY OF PROTO-, COPRO-, AND UROPORPHYRIN illE AND PROTOHAEMIN ME PROM SILICA 

GEL BY PREPARATIVE TLC 

pg applied l%fE k??GO7N?YCd 
F -& 2s, n = 4 

“/o vecovevy 

Protoporphyrin 

Coproporphyrin 

2.04 
12.34 
1.38 
2.51 

3.84 
Uroporphyrin 

Protohacmin 

1.58 
3.18 

20.34 

I.45 & 0.36 
9.71 f I.05 
1.25 f o.GG 
2.34 zk 0.35 
3.81 f 0.15 
1.56 f 0.14 
3.08 f 0.09 

19.94 f 1.16 

70.8 
78.7 
90.7 
93.3 
99.1 
98.7 
97.0 
gs.1 

z’= Arithmetic mean; s = standard clcviation; n = number of tests. 

The greater loss of porphyrin IX in comparison with the other porphyrin ME is 
probably due, for the most part, to destruction by an artifact (benzene?) ; because 
even after immediate rechromatography of the protoporphyrin IX di-ME weakly 
fluorescent spots are visible in the start and migration zone. The pure preparation and 
the test substance (Koch-Light-Laboratories) behaved identically. Benzene, however, 
is preferable compared to other solvents as it gives a sharp separation of the individual 
porphyrin ME without tailing (Fig. I). 

Pure ME of penta-, hexa- and hepta-carboxylporphyrins were isolated from 
porphyric urine (Fig, I), by mea,ns of rechromatography in the solvent system 
BEM, and were characterized by their absorption spectra (Table III). Infrared spectra 
of penta-, hexa- and hepta-carboxylporphyrin ME showed that these biologically 
occurring porphyrins are a mixture of the isomers of the I and III serieslo. 
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The absorption maximum of protohaemin ME was found at 400 nm in chloro- 
form (Fig. z) . Under other conditions the absorption maximum was found .at 4or-q3 
nmfi. With the relatively flat maximum of the absorption curve (see Fig. 2$., such ;a 

difference is not significant for the quantification of haemin ; this was tested iby 
comparing the height of the absorption at these maxima with various weights. : 

The author wishes to thank ProfessorDr. H. WLTZEL, Department of @iocher&- 
try of the Chemical Institute, University of Marburg, for his support in the measuring 
of absorption spectra, and Dr. R. J. PORRA, C.S.I.R.O., Division of Plant I,ndustry, 
Canberra (Australia), for providing us with reference substances (dicarboxylpor- 
phyrin methyl esters). 
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Calcium sulfate as an adsorbent for thin-layer chromatography 

Calcium sulfate in the form of plaster of Paris (CaSO,. 1/2H,O) ds commonly 
used as a binder in thin-layer chromatography (TLC). As such, it is present in sma!ll 
amounts (5-13 o/O) in commercially available adsorbents such as Silica Gel ‘G, Alumi- 
num Oxide G, and Cellulose Powder G. 

As early as 1949, BROCKMAN~, in work on column chromatography, reported that 
CaSO,*2H,O can be converted to an excellent adsorbent by heating it at temperatures 
between 150' and 200~. In 1962, KAUPMANN AND KHOE~ used CaSO,q 1/2W,:O <as an 
adsorbent for the thin-layer chromatographic separation of fatty acids and.synthetic 
and natural triglycerides, More recently, ALFONSO~ described the use,of ,self-supporting 
strips of plaster of Paris (CaSO,. 1/2II,O), I to 5 mm thick, in preparative chromato- 
graphy. Aside from these few references, the use of calcium sulfate by itself as :a &.ro- 
matographic adsorbent has been almost completely ignored. This may have been (due 
to the difficulty in obtaining a plaster. of Paris of ,suitable purity and uniformity.. 
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