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Several methods are available for identification of uroporphyrin isomers; these in-
clude (a) dioxan chromatography (FALK AND BENson!), (b) decarboxylation (Ebp-
MONDSON AND SCHWARTZ?) followed by lutidine chromatography of the copropor-‘
" phyrin thus produced (ERIKSEN?, RIMINGTON AND MILES“) or chromatography of
the coproporphyrin esters (CHU, GREEN AND Cru®), (c) separation on Hyflo columns
(Cru AND CHUS), (d) determination of melting point and mixed mcltlng point. (N1-
CHOLAS AND RIMINGTON?), (e) infra-red spectrophotometry (FALK AND' WILLISs) (f)
‘{-ray diffraction pattern (KENNARD AND RIMINGTON?). Some conflict between results
obtained by dioxan chromatography and those obtained by other methods has been
encountered both in this laboratory and by other authors (WATSO\I AND BERG!O,
BOGORAD AND MARKs!). Some light has been thrown on the problem by the work of .
BOGORAD AND MARKS! who demonstrated, by me ans of labelled compounds, that
when mixtures of uroporphyrin T and IIT esters were separated by dioxan chromatog-
raphy the resulting spots each contained both isomers. Since the dioxan method is
the least laborious there was a great need for its thorough 1nvest1gat10n w1th a v1ew
to improving its reliability and sensitivity. :
‘In the present investigation an attempt has been made to find optimal condi-
tions for separating quantltatlvely mixtures of the isomers contammg known amounts
of uroporphyrm I varying betwéen o and 100 % of the total ester. Estimation of the
amount of ester i in the I and the III posmons respectlvclv of the devcloped chromato-
gram was carried out by elution and spcctrophotometry It seems that quantlt’ttlve
separation of mixtures containing 50 % or less of the I isomer deponds closely on the
total amount of ester applied and subsequently eluted from the paper. In its ﬁn’tl“
form, the technique may also be used for the separation of rm\tures of unknown iso-
merlc comp051t10n and :for thelr quantltatlve cv'tluatlon

‘ MATERIALS
Solvents _ ‘ ,
The kerosene used was colourless commercial hea.tlng paraffin drlccl over calc1um
chloride and filtered. Chloroform, B.P., was washed three times, with water, dried
over calcium chloride and filtered. (It was found essential that washed chloroform,
espec1ally that used for elution, should not be used after five days storage.) Ethanolic
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chloroform was prepared by adding ethanol to a concentration of r % (v/v) to chloro-
form treated as above. 1,4-Dioxan was purified by a method similar to that of
- EIGENBERGER!? but with incorporation of a step designed to remove 'peroxides

Crude dioxan (1 1) was refluxed for 7 h (without the: apphcatlon of an air stream)

in the presence of r20 ml of 4% (w/v) hydrochloric acid. Peroxides were removed by
shaking the mixture with excess of solid sodium sulphite: some sohd potassium
hydroxide was then added and the heavy white precipitate of inorganic salts removed
by decantatlon' and filtration. Shaking with potassium hydro‘clde pellets was then .
repeated until there was no further formation of an aqueous layer. The solvent was
then dried over sodium wire and distilled as described by EIGENBERGER. Although
free from peroxides, the dioxan at this stage still contained some aldehydic material
which had not been removed by the original refluxing. This impurity was removed
by fractional freezing, collecting the fraction which froze at r1.5°. The dioxan (b.p.

10I-103°; m.p. I1.5°) was stored in dark bottles at 4°, at which temperature perondc
formatlon was reduced to a minimum.

Standard mference substances

Uroporphyrln I octarnethyl ester, m. p. 293°, (uro I ester) was fraction Ai shown in
Fig. 1 of the paper of RIMINGTON AND MILES?; further data concerning it are given by
RIMING’I‘ON AND SVI:INSSON13 Uroporphymn II1 octamethyl ester, m.p. 255-258°,
(uro I1X ester) was. the synthetic. ester of TARLTON, MACDONALD AND BALTAZzIM,
Copmporphyrm I tetramethyl ester, m.p. 253—256°, (copro I ester) was isolated
from calf meconium, Coproporphyrln III tetramethyl ester, m.p. 155/170°, (copro III
ester) was obtamed from Corynebactermm diphtheriae by the method of GRAY AND
HorLT?s, Protoporphynn IX dimethyl ester, m.p. 230°, was prepared from haemin
by the method of GRINSTEIN!S, Biosynthetic specimens were obtained by incubation
of haemolysates of human erythrocytes with porphobilinogen, isolation of the uro-
porphyr]n fractlon and its esterlﬁcatlon

METHODS

Clwomatogmj)hy

Chromatography of the esters followed essentmllv the method of FALK AND BI:\ISONl
Solutions of standard uro I and uro III esters were prepared at a concentration of
I ,ug/Io ul 1n washed chloroform. This was achieved by weighing slxghtly more than
the desired amount, dlssolvmg, measuring the extinction at 405-406 my of a sultably'
diluted aliquot, using E!% = 2300 for uro III (RIMINGTONY) and E!% = 2264
for uro I (RIMINGrON“‘) and adjustment of volume. Mixtures of uro I and uro III
esters were then prepared in varying ratios from these solutions, and stored at 4°
when not in use. The concentrations of the chloroform solutions of the uro esters
obtained from enzymic incubation were estimated by eqn. (1) below. Such solutions.
- were then taken to dryness and the esters redissolved in sufﬁcmnt chloroform to
_glve T ug/10 ul. ~
Spots were applied by means of a micro-pipette, graduated in 5 wl, along a base-
'vlme 2 cm from one: edge of a 21 cm square of Whatman No. 1 paper such that thev;y
‘would run with the grain of'the paper. = ' R
Development of the chromatograms was carrled out by the: ascendlng mcthod. '

- J. Chromatog., 10 (1963) 141'—'157 :



SEPARATION OF UROPORPHYRIN OCTAMETHYL ESTERS I43

at 22—26°. (Within this temperature range no variation in chromatographic behaviour
occurred).Glasscylinders, one for each run (25.0 cm internal ‘height ;' 13.2 cm: internal
diameter). were used. An inverted Petri dish was placed in position at: the bottom
.of the tank and the solvent used to saturate the atmosphere was. placed in the bottom
of the tank, the lid greased carefully with yellow soft paraffin‘and placed in position.
15—30 min later the solvents for the developing mixture were pipetted into a second
Petri dish, mixed well and the Petri dish placed on the inverted dish. The chroma-
togram, rolled in a cylinder, was then inserted and the lid replaced quickly and ﬁrmly
After development and drying, the spots were detected by ‘their fluorescence in
ultraviolet light. The tanks were clcaned greased and equlllbrated for each chromato-
gram. 3%
First runm. Atrnosphcrc, 10 ml. ethanohc chloroform developmg mlxture 4 ml
kerosene + 6'ml ethanolic chloroform. Development was continued until the top of
the spots as seen in ordinary light had moved 4 cm from the base-line (indicated by a
mark made previously at the edge of the paper). Time r5-2zo0 min. After drying the
paper and marking lightly in pencil the positions of the spots (the dotted line in
I‘1gs 1, 5 and 6) the base of the paper was cut off 0.5 cm below the bottom of the spots.
No isomer separation takes place during this run, which is designed merely to separate
the esters from impurities which are left on the base-line.
‘ Second run: Atmosphere, 7 ml dioxan; developing mixture, 4.0 ml kerosene
+ 1.0 ml dioxan (effect of variation in volume of dioxan was tested, see RESULTS,
but unless otherwise indicated a volume of 1.0 ml was used). Development was-con-
tinued until the solvent had reached the top of the paper (1.5 h). The paper was dried
thoroughly (30 min in a warm place) and the spots marked very lightly in pencil.
For calculation of Ry values, the base-line was taken as the centre of the spot
dfter the first run.

Elution of chromatograms

Fluorescent spots were marked lightly with penc11 cut out from the paper and each
eluted in 3 ml of freshly washed chloroform by standing in stoppered tubes for 1 h -
with occasional shaking. The extinction of the chloroform solutions was measured in a
Unicam model SP. 500 photoelectric spectrophotometer, at a 1 cm light path. The
complete process, from application of material to spectrophotometric reading, was
carried out within 4 h. The ester content of the eluates was calculated from the fol-
lowing expression (for derivation, see APPENDIX):

g uro ester = [2D405-¢ — (Dygg + Dygo)] X 2.721 X V (1}

where ¥V = volume of solution; -
D = c*ctlnctlon '11: wavc-length indicated by the subscnpt

Decarboxylation

5—20 ug of the uro esters obtalned by enzymic incubation were decarboxylated‘
by the method of EDMONDSON AND ScHWARTZZ. The decarboxylation tubes. were:
sealed at a pressure equal to 1.5 mm Hg after holding them at that: pressure fori;
.10 min. Decarboxylation of this quantity of uro ester at this pressure yrelded 100%
recovcry of the dec*u‘bo‘cylatlon product, coproporphyrin: If the tubes were sealed in.
--air or - while attached to the water pump, however, very large or. complete destruction

J. Chromatog., 10 (1963) 141-157



144 a P. A. D. CORNFORD, A. BENSON

,of the porphyrin ensued, an effect also noted by EDMONDSON AND. SCHWARTZE,
The free coproporphyrin thus produced. was prepared for lutidine chromatography
- by one of the following means: (a) pH was adjusted to 4 with saturated sodium
acetate ‘and the coproporphyrin transferred quantitatively ‘to ether; the ether was
washed:three times with water and the aqueous washings extracted with fresh ether.
The ethereal solutions were combined, washed with a very small quantity of water
and evaporated to dryness. (b) As (a) followed by esterification and Subseqﬂent hy-
drolysis by the method of FALK, DRESEL, BENSON AND KNIGHT“’ usmg methanol—‘
,:HZSO., (95:5, v/v) as the esterification mixture.

Samples prepared by either (a) or (b) were dlssolved inz N NH,,OH for 1ut1d1ne=
chromato_graphy When duplicate samplcs were taken and one prepared by method (a)
the other by (b) they were found to give the same result on lutidine chromatography
and, therefore, method (a) was made the standard method of preparatlon because of
1ts relative 31mphclty : :

.Lutzdme chromatography

Isomer identification of the free coproporphyrin obtalned by decarboxylation of the
uro. esters was carried out essentlally by the method of ERIKSEN3,

. RESULTS

Varmtzon in mtzo of keroseaw to dioxan

‘A series of runs was made to determine the optlrnal ratio of kerosene to dioxan re-

quired to separate quantlta'tlvely 1 ng of a 50:50 mixture of uro I and III esters.

The results set out in Table I demonstrate clearly that decrease in the concentration

of dioxan caused less of the I isomer to be carried up with the III isomer. It was ap-

parent that the optimal ratio requlred to separate 1 ug of a 50:50 mixture was of the
order of 4 0:I.0.

TABLE I

EFFECT OF VARIATION IN RATIO OF KEROSENE TO DIOXAN ON SEPARATION OF I MHg OF A 50:50 -
L MIXTURE OF URO 1 AND III ESTERS

: ‘ © Ester cluted
Kerosene: dioxan
: I position I1I position Apparent ratio
(ng) (ug) I:111

4.0:1.30 S 0.27 ‘ 0.49 36:64
4.0:1.25 0.24 0.50 32:68
4.0:1,20 0.28 0.52 35:65

. 4.0:I.15 :  0.32 . 0.47 | 41:59
'4.0:1.10 . 0.26 ) 0.43 38:62
4.0:1.05 0.52 0.47 53:47

4.0:1.00 . 0.51 0.45 53:47

Varzatwn m quamzty of ester mzxture aj)j)lzed

‘The separation was studied of a range of quantities ofa 50:50 rnmturc of uro I and III"
' ﬂesters by means of kerosene=dioxan: mixtures of ratio 4.0:1.00 and 4.0:1.05 respec—
tively.:On visual examination; spots could be seen in the I-and IIT positions in*all
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SEPARATION OF UROFPORPHYRIN OCTAMETHYL ESTERS 145

cases, but it was obvious that along the series the uro I spot increased in intensity and
size much more than did the III spot, (Fig. 1). The results of elution from two chro-
matograms, set out in Table II, demonstrate that the quantity of ester eluted from
the I position became an increasing proportion of the total ester applied as the amount

TABLE 1I

EFFECT ON SEPARATION OF VARIATION IN AMOUNT OF
50:50 MIXTURE OF URO I AND IIl ESTERS APPLIED

Est Jiod ) Ester eluted
Kerosene: dioxan s c?,ﬁ’)” 1 I position 111 position Apparent ratio
(reg) (ng) I:1r1
4.0:1.05 0.30 0.02 0.18 10:90
0.50 0.17 0.28 ' 38:62
0.75 0.27 0.39 41:59
I.00 0.52"° 0.47 52:48
I1.50 0.95 .. 0,70 . 58:42
2.00 1.34 0.72 65:35
4.0:1.00 0.30 0.03 0.17 . " 15:85
0.50 0.16 .. 0,28 .36:64
0.75 0.36 0.41 47:53
1.00 0.51 0.45 . 53:47
I.50 0.92 0.61 60: 40
2.00 .. . 1.37 © 0.7t - 66:34

of the latter increased; the theoretical 50 % séparatioh' was obtainable only at one
point. The two solvent ratios used gave essentially similar results. In subsequent
work a kerosene-dioxan ratio of 4.0:1.0 was employed. ‘

Recovery of esters by elution from chromatograms

From a comprehensive survey of our data, elution from chromatograms was found
to vary between the extreme limits of 50 % and 100 %, most usually approximating

 mt e e . e am dm o m mm ww em hm mm e am m e me an we e

0.3 05 075 10 15 &
. [ : . Hg applied : :

Fig. 1. Paper chromatogram obtained by applying a serics of amounts of a 50:50 mixture of
uroporphyrin I and III esters (kerosene-didxan = 4.0:1.0). Dotted lines mark positions.of spots
" after the first run and the solid lines their positions after final development. The bottom of the
~ ‘ paper was cut off along the horizontal dashed line after the first run.

J. Chromalog., 10 (1963) 141-~157



146 - " P. A. D. CORNFORD, A. BENSON

70 %. The reason for this variability remains unknown; it does not depend upon
greater stability or preferentlal elution of one or other isomer since a sunllar range of
varlabﬂlty was found at all isomer ratios. :

It was noted that better agreement with expected va.lues was obtained in- any

()]
(o)
1

N
o
1

Ester eluted from [ position as % of
total ester eluted
D
o)
—

e
-
-

)

1.0

) ) 0.5 . Hg cpplreg
Txg 2, Rela.txonshlp between amount of ester applied and separation. Values were obtained by
applying a series of amounts of two different ratios of uroporphyrin I and III esters to several
chroma.togra.ms each run in kerosene—~dioxan = 4.0:1.0. O Uro I ester:uro III ester = 50:50;
® uro I ester:uro IIT ester = 25:75. ‘

Separation by bdsihg calculations upon the total ester eluted (I -+ III positions)
rather than upon the total applied to the paper. The 1mportance of this observation
w111 become apparent in the next section.

Varmtzon in mtw of uro I and 11 I esters apjblwd

Runs were made on a range of mixtures of uro I and III esters using a kerosene—
dioxan ratio of 4.0:1.0. Each mixture was applied over a. range of quantities and the
-spots in the I and ITX posmon were eluted and measured in the usual way. Fig. 2

relates the apparent isomer dlstrlbutlon to the amount of known mvcture apphed 1n
the case of two mixtures of standards (I:I1I = 25:75 and I: TIT = 50:50 respec-
tively). Whilst there is some evidence of interdependence, this is unimpressive.
When, however, the proportion of apparent uro I was plotted against the total ester

N )
@] O
T LIS

total ester eluted

N
O
1

Ester eluted from I position as % of

[] | I
‘05 1O 1.5

: : s Mg eluted

Flg 3 Relatmnslnp between amount of ester eluted and ‘separation., Values were cbtained from .
the same chromatograms as those for Fig. 2. "“ug elutéd” refers to the sum of the amounts eluted
from the I and III posrtxons O ‘Uro I ester : uro IIT: cster = 50 50, @ urol ester uro III ester =
o A ‘ e - 25175 o , ‘
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eluted from the paper, as in I"1g 3, a clearly defined relat1onsh1p was dlscermble, for
each of these two mixtures. When comparison was made of a range of ratios of uro
I and III esters, it became apparent that with increase in the proportion of the T
isomer in the mlxture applied quantltatlve separatmn Was 1ncreas1ng1y less dependent

on the amount of ester eluted.:

As there emsts a dlfferent optlmal amount to be elutc.d for each ratlo of I to III,

. TABLE 111 | , Y
RI:LA'I‘IONSHIP OF 4, B AND C IN ]:XPRESSION (2) TO THE TOTAL. ,ug OF. ESTI:R ELUTED

¥ = total ug of ester (I + III) eluted S
A = 3077 — - 10.51% ~— 2I.4942 416, o4x“ Sl
‘B = .0.7500 — 0.3755% + 0.59974% — 0.56104%
C =" —o 000999 -|- o. 005780x——o 004834 #% o, oo4361x3
Ca A4 . B. e
0.40° 24.2 . - 0.661 '  0.00082
" 0.42 23.8 . .. 0.657 ...  0.00090 .
1 0.44  23.4 ' . 0654 : 000098 -
. 0.46 . 23.0 . 0.650. +  0.00I00 -
C048 ©22,6 ©.0.647 ' O.00LI4 .. . -
0.50 -22.2" . 0643 . -0.00123
o2 ‘21,8 (06397, ' 0.00I31 -

0,54 21.4- . 0.635- . 0.00I40

“0.56 - 21,0 “0.630 0.00T49 ..
o.58 '20.6 ‘0,625 = 0.00158- .-
0.60 20.2. . 0.620 . ' 0.00167, .
0.62 . 19.8- . 0.615" " 0.00177 :

L 0.64 19.5 "0.609. - 0.00186 .7
0.66 L19.T 0.603 0.00197 "
0.68 18.7 . 0.596 . 0.00207 *
0.70 18.4 . S 0.889 ‘0.00218 -

. 0.72 18,1 0582 0.00229

074 17,7 - 0.574 0.00240

~0.76 CI7.4 0 . 0.565 0.00252"
0.78 17.1 ., 0.556 . -~ 0,00204
.0.80 ' 16.8 0.547 0.00277
0.82 16.6 0.536° © . 0.00290
0.84 - 16.3 . 0.526 - 0.00303.
0.86 - 16.1 . 0./514 . '0.00317
0.88 15.8 - .0.502 0.00332 -

1 0.90 18.6° - 0.489 " .0.00347 " "
0.92 5.4 ©0.475. . = ©0.00362. "
.0.94 . 15.2° . 0.461 7 [ 0.00379. |
0.96 . I5.T. 0446 ' 0.00395. ..

..0.98 I4.9 . 01430 0.00413 . -

1,00 14,8 T 0.413. )  0.00431. - i
1,02 147 - .. 103967 - 0.00450
rog v 1460 000,377 . | 0.00469. -
1,06 'I46° 0 0,357 7 0.00489
1,080 146 ;0.337 .. 0.00510° ..
©ILI0 14600 00316 00 0.0058320
T 2 & 146 . '0.203 . . ['0,00554 . .. "
I.14 14.6 0.270 . 0.00577
1.16 14.7 | 0.245 0.00601
.18 14.8 0.220 1 0,00626
© 1.20 R 1‘4‘.9_' o _o.igs’ .

'_o.Qoﬁsx,_ B

—

* Linear mterpolatmn may be used for mtcrmedxate values of #, but thc ta,ble should not be

_extended beyond o.40 and 1.20,
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Fig. 4. Nomograph for correction of ratios of uro isomers found by elution. Connect ‘‘ug of total -
uro ester (I + III) eluted’’ (scale #) with ‘‘apparent percentage of uro I isomer found by elution”

... .(scalcy) and read off ‘‘true percentage of I isomer’’ (scales).
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itis necessary to correct the ratlo found agalnst the amount eluted ThlS may be done
by use of the expression:

.z—-A—}--].?y-{-c;y2 B R (@)
where 2z the true percentage of the I isomer; X
the apparent percentage of the I isomer found by elut1on,
and A, B and C are constants related to ‘the total Mg of ester eluted (x) and whlch
may be found by reference to Table III. _
For derivation of expression (2) see APPI:NDIx Alternatlvely, correct1on may be
‘made by use of the nomograph illustrated in I‘1g 4 where %, y and z have the same ‘
meaning as in eqn. (2) and Table III. ' : -
Table IV sets out the: results from several chromatograms of the separatlon of a
‘range of isomer ratios; both the elution figures and the corrected values are included.
It can be seen.that when between 17.5 and 100 % of uro I is present in a mixture of
I and III, it may be detected and estimated within an accuracy of 7. % (rnean error =
2.2 %) by use of eqn. (2). The nomograph presents a more’ smlple method of correction |
butits efficacy falls off when between'qo % and 1009% of the I isomer is found by elution.
Since when y = 0,.z = A4 in eqn. (2), erroneous results would be obtained in attempts
‘to correct a zero value. In practice, therefore, if no spot is visible i in the I positionit may
simply be concluded that between o'and 17.5 % of uro Iis present. Quant1t1es less'than
17.5 % cannot be detected by elut1on but 12.5-17.5 % of the I'i isomer may be detected ‘
‘visually by the teiling of the spot in the: III position onto; but not into, the 1 position.

- When a sample of chromatography papcr other than Whatman No. 1, narnely ‘
“Ederol No. 202", was tested, variation in the pattern of separation occurred such
that mathem'mcal correction did not yield a theoretical result. It seems, therefore,
that the relationship governed by eqn. (2) breaks down with change of paper. ‘

Fig. 5 has been prepared from a typlcal chromatogram run on I ug each of :
ratios of uro 1 ancl III esters ranglng between 0:T00 and 100:0.

II I

000900009

e 00 Q0 Q L

——-—_--—-———_———---—-—-—‘———

I O 1020 25 35 50 75, 80 90 100
I 100 90 80,75 65 .50 25 20 10 O
‘ Ratlo app“ed : : ‘
‘,Flg 5. Paper chromatogram of. a series of ratios of uroporphyrm I and III esters 1.0 ug of ea,ch
" ratio was, applied” (kerosenc—dioxan = 4.0:1.0). Dotted lines mark positions of. spots a.fter the
" first run, solid lines their positions after final development and dashed line the position of a very

! :weak spot after final development. The bottom :of the paper was cut oﬁ along the honzontali_
S dashed line after the first run.

J. Chromatog., 10 (1‘963) ]:'4'1’_1_57?



150

- P, A. D. CORNFORD, A. BENSON

. TABLE IV

'SEPARATION OF VARVING AMOUNTS OF A RANGE OF RATIOS
OF URO I AND 1II ESTERS IN. KEROSENE—DIOXAN (4.0:I.0)

Ester mixture applicd . Y

Apparent ratio

]:"s_tvar_" eluted ) (1:111) corrected

Rat

io

I

I
- (ng)

77 A
(ng)

e rrr t

- - Sum of . . ' o
: 1 .o Apparent ' . B
j:osmon position Z 4 11 Rccovcry ratio B 4

. ’:(llﬂ) Tlng) (ng) | positions . . (%). ruar nomograph - "(‘i")’ .

(148)

fo‘ofobooo'bo.ooo‘o‘

10
10
.I0:
IO
32

178

‘20
20:
20!

20

25
.25
25!
25
25
25:
25:
25
25
25:
25:
25:
.25
25
‘25:

30:
30:

1100
{100
1100
1100
1100
$1100 -
1100 .
1100’
{100
1I00 .
1100
1100
1100

190

190"
g0

9o

190

“'0.00

T 0.00 T

~ 0.00
0.00

0.00
0.00 -+

O‘.OOV
0.00

.00
0.00 -
0.00

0.00

0.00

0.I0 .

o.10
0.15

'0.20

"0.175

0.10 . .
0I5 .0

1,50
‘1.50

2,00

2,00

,.l'd,r'gq S
. 0.90

1.35
Q.90: .
X.35.7
‘'1.80 -

vd.82\5"
" 0.80

: 0.80..3‘
1,20

1.00

0375

0.563
0.75 -

0.75
0.75.
1075

0.75"

6‘.‘70
0.875

NN L e T

SN R e e

.00 "0.00. 0.55 . 0.55 . 55" '0:100
00" - 0.00 - ‘0,62 '~ 0,62 . 62  0:100
00 " . 0,00  0.66 0,66 66 - ©0:l0O .
Q0 ;. '0.00. 067 067. 67 . 0:100,
.00 0,00 0.68 ' .. 0/68 ' 68 . 'o:loo
.00 - .0.00% 0.60 . 0.69 . ' 69 o:100
00 1 0,00°...0,70 . .0.70- . 70 0:100
.00 . ooo,‘ 079 079 79 . 0:100
25 0,00 "0.97 ° 097 ' 77 = ~0:100
.50.. ' ,0.00 " - 1.04 1,04 -. 69 0:100
.50 ;0,00 . r1.08° 108 . 72 0:100
00 L0147 1.32 . 1,46 73 - 10:g90
.00 - "‘-‘o 5T ol 96. T T1.47 73 35:65

.00 | ' 0.00" ,_"o 53.  ©0.53 53  .o0:lgO0 -
.00 10,00 069 069 69 . 0:100 .
.50 . 10,00 . 0,73 7 0.73" “49." 7 0i1100
00 .- 0.00....0,77 . Q77 77 . 0:100
.50 .. ©0.00 . I.02 - 1,02 68’ 0:loo
00 . .0,57 . 0.97 ' I.54 .77 37 63

‘ Iv.'oo : ’:\».o.63_ “0;66 0,69 69 . 5:95 . ' 22:78 22:78

.00 003 ' 071\‘ 074 . .74 4196  20:80 .20:80

.50 7004 079 . 083 - 55 45:95 ~ '19:81 19:81
25 . 0.09 _'o.8‘2~ c91. . 73 "10:90 20:80 21:79

1
. 1,00 0,05 07 076" . 76 -'6:94' 21179 21:79
I

1

0.50 ' 002 037 ' 039 78 5:05 27173 27173
0.75 . 0,04 0.49 ©0.53 70 9:91 27:73 26:74

1,00 002 . 064 066 = 66 - 397 - 20:80 =20:80

1.00 <. 0,12 ' 10,57 0.69 . . 69 17 83 . 30:70 =29:71

100" . 008  -“06I . 069 - 69 12188  26:74 26:74
i 1,00 - 0,06 - 0,66 - 0.7z .. 72 ' 8i92 23:77 23:77
75 . 1.00.: .006 . 067 .. 073 - 73 . 8:92 . 23:77 23:77
L0975
I.125-
0.938"
0,938 " -
fLI2S
1.125"
1125

1.50 2,00 056 095 L5I :. 75 , 37:63 - Beyond limits’

100, ' 010 . . 067 ‘077 .. .77 = 13:87 25:75 24:76
.50 : - 1.10. 0,73 - 083 . 55 " 12:88 ' 24:76 .23:77

1,25 10,160 0.73 . 089 .71 18:82 = 26:74 26:74
‘1.25 .. 0. 20 0.72 . 092 74 .. 22:78 29:71 28:72
. 1.§50 ... 701X . .0.82 ©..0.03 v 6r ° I12:88 1 2I:79 21:79
"i1.50. . 022  0.82 - Io4 ' 69. 2I:79 ' 2575 25:75

.50 . 0.28' " . 0.84°  I.I12 75 ' 25:75 ' 26i74 25:75

100 o010 053 063 = 63  16:84 3I:69 3of7o

1.25 0.22 0.78 1.00 Bo 22:78 127173 - 26:74

1 .00 “o. 15;‘5:,5.‘;'(‘).‘5‘4 ;. 0.69 69 - ,‘22 78 ‘.34 166 33:67°
3:\4_1 25 . ‘.'o 28"31 ‘;',‘0.66 . 094 75 - 30 7o “'“';34 66}_ 3'3vi‘67_

(continued on p. 151)
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TABLE 1V (continued)

Ester mixture applicd Ester eluted - (‘;Iflf‘}‘};‘?;';’;ﬁ;gd'
. Sum of o
Ratio I nr I+ 1r 1 TIL P UIIL Recovery “APPATOnt By By
I 1rr - (ug) (rg) (rg) 7)0(%;)0” » o(s;“g‘)o" po;lt‘t;ns (%) v l,:a;ttol nomograph "(‘g)' |
40:60 0.40 - 0.60 1.00 J‘ T 0.21 0.51 0.72 72 29:71 © 38:62 37:63
40:60 0.50 -~ 0.75 ‘1.25 T 0.32 0.66 0.98 73 33:67 35:65 33:067
30:50 0.15 0.15 0.30 0.03 0.17 0.20 .. 67 15:85 Beyond limits
50:50 0.25 0.25 0.50 0.16. 0.28.° o0.44 . 88 36:64  50:50 49:51
50:50 0.50 . - 0.50 1.00 0.18 0.28 : 0.46. = 46 39:61 . 3I:49 50:50
30:50 0.50 . .0.50 1.00 0.20 0.39 0.59 - 59 34:66 - 45:55 43:57
50:50 @ . 0.50 0.50 1.00 0.28 0.33 0.61 61 46:54 53:47 52:48
50: 50 0.50 0.50 1.00 0.22 - 0.42 0.64 64 34:66 44:56 43:57
50: 50 0.50 0.50 1.00 0.35 0.32 0.67 67 52:48 55:45 55:45
50: 350 0.50 0.50 . 1.00 0.31 0.37 0.68 68 46:54 50:50 50:50
50:50 0.75 0.75 I.50 © 0.30 0.40 070 ' 70  43:57 - 49:5I 48:52
50:50 0.50 , 0.50  T1.00 ©0.38 0.35 . ©0.73 73 52:48 = 54:46, 54:46
. 50:50° 0.50 0.50 1.00 . 0.37 0.37 0.74 74 50:50 53:47 - 52148
50: 50 0.75 0.75 ' 1.50 1. 0.33 0.43’ 0.76 . 5I ' 43:57 47:53+ 46:54
~50:50 - . 0.375.. 0.375 0.75 9.35 10,42 | 0,77 102 . 45:55. . 49:5I  49:5L
50:50 0.50 ~0.50 1.00 041 0.42 0.83 . 83 49:51. 50:50 '50:50
50:50  0.50 0.50 1,00 0.50  0.37 ' 0.87 87  '57:43 - '55:45 '55:45
'50:50 . . 0,625 .. 0.625  I.2§5 0.49 - 0.45 . 0.94 75 '52:48. .. [ 50:50 . 50:50
50:50 . 0,50 .. 0.50  I.00 0.5I 0.45 . 0.96 96 53:47.. 50:50 .50:50
50:50 0.50 0.50  I1.00° 0.46 0.52 0.98 98 47:53  45:55  45:55
50:50 0.50 0.50 1.00 0.62 0.49 I.1II IIr 56:44 ' 49:51° 49:51
50:50 0.75 0.75 1.50 0.92, 0.61 . 1.53 102 6o0:40 Beyond limits
50:50 1.00 1.00 2.00 .37 0.7I " 2.08 104 G6:34 "Beyond limits
75:25 0.75 ‘0,25, l.oo 0:48 0.17 = 0.65 65 = 74:26 74:26 75:25
75:25 0.75 L 0.25.: 1.00 L0.57 0.19 0.76 ' 76 75:25 ° © 71:20  73:27
75:25 0.75 0.25 I.00 0.65 0.19 0.84 84 77:23 8o:20 76:24
75:25 .1.125 0.375 I.50 " 0.76 0.14 0.90 60" 84:16 78:22 81:19
75:25 1.125 0.375 1.50 0.97 0.23 1.20 8o 8r:19 - - 75:25 73:27
80:20 0.80 0.20 I.00 0.45  0.12 0.57 57 79:21 81:19 79:21
- 80:20 0.80 0.20 1.00 0.47 0.I2. . 0.59 59 8o:20 81:19 8o:zo0
8o0:20 0.80 0.20 r.oo 0.59 0.15 0.74 74 8o:z20 78:22 79:21
8o:20 1.20 0.30 1.50 0.71 0.17 0.88 59 8r:19 "73:27 77:23
8o:20" 1.20 0.30 I.50 0.85 0.11 0.96 64 S8g:1x . -80:20: 86:14
go:10 0.90 o.I0 1,00 0.60 0.07 0.67 67 go: 10 go:Io . 88:12
Qo: 10 0.90 = 0.I0 .00 0.66 . 0.04 0.70 70 04:6 95:5 93:7 .
Qo: 10 0.90 0.10 I1.00 0.65 0.06 0.71 71 gz:8 02:8 91:9
go: 10 1.35 0.I5 I.50 0.91 0.04 0,94 - 63 Q7:3 .Q0:10 : 95:5
go:10 -  I1.35 0.15 I.50 ~ 0.92 ,0,II - 1,03 . . 69 8g:11x 8o:20 86:14
100:0. 1.00 0.00 .00 0,60 '~ o0.00  o0.60 60 100:0 108:0 . 99:1
100:0 1.oOo  0.00 .00 0.7  0.00 . 0.7I 71 100:0 103:0  99:I.
100:0" 100 ' 000  I,00 0.74 -~ 0.00. ' ©0.74 74 100:0 . .102%0 ' 9QQ:I:
100:0 . . 1.00  0.00 r.oo '0.77 . .©0.00 . ©0.77 ‘77  100:0. ' '100i0 " QQiI:
¥ 100:0 . 1.0 o000  TI.00 082 o000 08z ~ 82 100:0 98 2] -f99 I '}
100:0 ‘1,25 000 I.25 T.o4 000 ° 104 83 ‘100i0 | go: 'To 'gg9i1’
100:0 .50 = '0.00’ L.50° 1.18° 000 ' ‘LI8 ' 79 "100:0 '88i12° 9911,
100:0-. 2,00 . 0.00. 2.00 1.62 0,00 1.62 = 81 100:0 ' Beyond l1m1ts‘
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152 ' P. A. D. CORNFORD, A. BENSON

" TABLE V

Rp VALUES OF ESTERS OF PORPHYRINS WITH 2—8
CARBOXYL GROUPS RUN IN KEROSENE—DIOXAN (4.0:1.0)

Ester ' ‘ Source - Rp
Uroporphyrin I - Standard reference 0.00
Coproporphyrin I Standard reference 0.04
Uroporphyrin II1I Standard reference 0.23
Coproporphyrin II1 . Standard reference 0.66 |
Protoporphyrin IX Standard reference 0.74
Uroporphyrin I Enzymic 0.00
Uroporphyrin IXI - Enzymic - o.21
Heptacarboxylic porphyrin III? Enzymic 0.40
‘Hexacarboxylic porphyrin III? Enzymic 0.50 -
Pentacarboxylic porphyrm III’ Enzymic ’ 0.58
Coproporphyrm ITI Enzymic : 0.66

Sejmmtz'on of esters of porphyrins with 2—8 carboxyl groups ‘ .

‘Table v sets out the R values of esters of uroporphyrin, coproporphyrin and proto-
porphyrin run in a kerosene-dioxan mixture of 4.0:1.0. In addition, the table shows
Rp values of three spots found between uro III and copro III pOSItlonS when the uro
fractlon obtamed from enzymic incubation of porphobilinogen is chromatographed
(see FIg 6) These three spots are assumed to be the esters of porphyrins belonging to

the III series with seven, six and five carboxyl groups per molecule respectively
' (see DISCUSSION) :

DISCUSSION

When dioxan from which peroxides had not been removed was used, very poor elution
yields of the esters were obtained and separation was far from quantitative; hence

S & 0
J [
SN
- [
Qv
(]
[}
O ¥
It
(I
. [
o L2 2
; L B 2 3 4
I:-Ig 6 Paper chromatogram re]a.tmg chromatographxc Dbehaviour of uroporphyrin ester obtained
enzymwally to standard porphyrin ‘esters (kerosene—dioxan = 4.0:1.0). (I) 50:50 mixture of‘

uroporphynn I and III esters; (2) material obtained by separation and esterification of uroporphy-
rin fraction, after enzymic incubation of porphobxlmogen, (3). coproporphyrin I ester; (4) co-
.proporphynn III ester.. Dotted lines rna.rk positions of spots after the first run, the solid lines
‘their'positions after final development and the dashed lines the positions of weak spots after final
» development The bottom of the paper was cut off along the horizontal dashed hne after the.
e . . : ‘ first run. .
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SEPARATION OF UROPORPHYRIN OCTAMETHYL ESTERS - 153

the need for peroxide-free dioxan was estabhshed FALK AND, BENSONl used. a.kero-
sene~dioxan ratio of 4.0:1.5. but pointed out that the .optimal .ratio. requlred for-. ;
separation of mixtures of uroporphyrin I and III esters varied with dlfferent batches
of dioxan. Thus, in the work reported here the.optimal ratio. found (4.0:1.0) was
relatively low with respect to dioxan as compared with the FALK AND. BENSON ratlo
obviously as a result of the higher: punﬁcatlon of the dioxan. .
It seems:that the amount of uro I found in the I position after runmng a chro-
matogram depends on several factors, including:
(a) the amount of uro I applied,:
- (b) its partial loss during chromatography, :
(c) the amount of uro 111 applied with it. : - : A
In the same way, the amount of uro III present in the III posmon depends on:
(a) the amount of uro I1I applied, , : :
~(b) its partial loss during chromatography,
(c) the amount of uro .1 applied with it. : L :
There can be no doubt that some form of molecular assoc1at1on occurs between the
two isomers (\ICHOLAS AND RIMINGTON?, EDMONDSON AND SCHWARTZZ2 and BOGORAD
AND MARks!?). This is further revealed by the Ppresent-investigation for. Whereas all
the uro I applied alone remains in the I position, yet the-presence of -uro: IIT will
cause some of the I to move up to the III position. Slmllarly, the add1t1on of uro. I
to uro III will cause some III to stay down.: Contribution by each, of:. the above,
factors: results in a very. delicate equilibrium bemg estabhshed whlch governs the
separation of a given mixture of the isomers. .
-The complexity of the equilibrium  is further demonstrated by the followmg
observation: under conditions where.a 50:50 mixture separated such that equal
amounts were eluted from the I and ITI positions, several applications of such mix-
‘ture were run and the ester eluted from all the I positions combined and that from
all the III positions combined. When these were each. re-chromatographed. and estl-.
mated under conditions identical with those above, corrected separatlons of, 65 35
(I:1II) and 35:65 (I:1II) respectively were noted. R :
- Since the way in which a given ratio separates depends not only on that ratxo
but also on the amount of ester present on the paper, it follows that there is an optl-
mal amount of ester which should be present so that the correct ratio will be: found on
‘elution.. As the optimal amount was found, however, to vary with the ratio, for exam-
ple 0.8 ug for a 50:50 mixture and 1.1 ug for a 25:75 (I:III) mixture, 1nev1tab1e '
“‘under-"’ or “over—loadmg in practice necessitates a correction of the ratlo found on
elutlon in order to arrive-at the true ratio. TR
- Our data have shown, moreover; that the * optlmal amount” relates to the total
quantltv of ester elutable from the paper rather than to.the amount apphed Re-
coveries by elution varied over a range of 50-100 %, most generally bemg of the order
of 70 %: it was noted, however, that variation. in recovery .of . a given, arnount of
ester was reflected in the separation and that such consequent 1rregu1ar1t1es in sep-
aration could be corrected by a formula which contained a term:for;the: amount
‘eluted. It is; therefore, assumed that low recovery results from a loss of, ester early_'
in the chromatographic process, perhaps during the first run, before. separatlon has.
‘taken place, otherwise such.a relatlonshlp between ‘separation and. amount elutedf
-would not be apparent. 0.5 ug of a 50:50 mixture chromatographed w1th 88 %‘

J- Chromatog ©» IO (1963) 141-157‘ .
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‘récovery ‘gave essentially the same result as 1.0 ‘ug“chromatographed with. 46 %,
recovery. That the relationship between separatlcn and amount cluted is not'due to
a greater relative stablllty of one isomer is shown by the fact that the same range of
‘yield was found for all'ratios of T to III. '

" No e*cplanatlon of the phys1cochem1strv of the chromatographlc behav10ur of the
mixed isomers can be offered, but even without such understanding it is con31dered
that with the aid of the empmcally-denved formula (2), which relates thé cqulhbrlum
set up on the paper by a given amount of mixed isomers to their true ratio, the ratio
of uro I to uro III in a given mixture may be determined with 7 % accuracy.

The formula was found to give accurate results for all ratios of I to III when
between 0.4 and 1.2 ug of total uro ester was eluted. Since recovery lay between 50
and 100 %, then 1.0 g of any mixture of uro esters is the most suitable amount to be
applied. Uro esters derived from biological sources or from biochemical reactions
‘often contain porphyrin esters other than uro and their proportion had to be deter-
mined roughly by a preliminary dioxan chromatogram before an amount of the sample
was 'known which contained approximately 1 ug: of uro itself: for example, if .the
"pre]umnary chromatogram ‘showed appro*umately 30% of ﬂuorescent materlal'

j'other ‘than uro then'1.§ ug of the sample was apphed ‘ ST '
""" The esters other than uro obtained’ {rom’enzymic 1ncuba.t10n and present in thc
:uro fractlon are seen on chromatograms as one'to four spots-above the uro III po-
‘sition. The most’ mobile coincides with standard copro III'and is only present in very
faint traces ‘if ‘at all; when‘copro has been separated from uro prior to :chromatog-
raphy. The three spots lying between uro III and copro IIT are assumed to be the
‘esters of porphyrlns of the III series with seven, six and five carboxyl: groups pcx
‘molecule respectively (see Table V and Fig. 6). That they do belong to the III series is
deduced from the fact that- under these chromatographic conditions uro I-and copro'l
have Ry’ values of 0.00 and'0.02 respectlvely and it seems most likely that any esters
. of the I'series with a number of carboxyl groups intermediate between eight and four
‘would also have very'low Ry values. The materials being considered have Ry values,
however, o. 40, 0.50 and 0.58 respectively. That they contain seven, six and five,
carboxyl groups ‘per molecule, respectively, is deduced from their positions between
uro 111 and copro III'and relative to each other. ‘Those spots provisionally ascribed
to'penta- a.nd hexacarboxylic porphyrin esters were always very faint, but the spot
‘assumed to ‘contain heptacarboxylic porphyrin ester ‘was often. of very s1gn1ﬁcant'
concentration. The porphyrin responsible for this spot has been designated pseu-
“douroporphyrin by FALK?, FALK, DRESEL, BENsoN AND KNIGHT!® and FALK-AND
.DreseL®. This spot was eluted at the same time as the uro ester spots and its con-
g centra‘aon, ‘as a percentage of the uro, determined with only a small error by: using
‘the same E}%; ‘and % values as for uro, (eqn. (1)). It was the intensity of this spot
;whlch needed to be allowed for in-assessing the amount of sample required ito: be
‘ ‘\apphed such that the'spot would contain approximately 1 ug of uro. It was, of course;
"‘always necessary when* working with uriknowns 'to run'standard “mixtures on' the
‘same”; chromatograrn and to 'ascertain ‘that they: gave theoretical ratio: values on:
: ljjelutlon ‘and’ corrected’ calculatlon 100-% uro I ester, 100 % uro: II1 ester and a. 50 5of
; "ml:\ture of: these were routmcly used in'the present. lnvestxgatlon s 3
";"’ Thé'! method has ‘been  used,; ‘and: found to yield highly. reproduc1b1e results, ln "
‘ '=separat1ng the I'and IIT isomers‘of uro: denved from . enzynuc incubations of: por-,

-J. Chromalog., 10 (1‘963).141—‘,‘1:57”
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' SEPARATION OF UROPORPHYRIN OCTAMETHYL ESTERS 135

~phobilinogen. When the uro samples contained a mixture of uro I and III esters; but:
very little or no pseudouroporphyrin, results by ‘dioxan- chromatography were found
to agree very closely with those obtained by chemical decarboxylatmn followed by -
“lut1d1ne chromatography of the copro formed. (The ratio'of copro I to copro IIT after
development ‘of lutldme chromatograms ‘was"‘assessed by ‘visual: e*cam1nat1on of
their ﬂuorescence in ultraviolet light. The two spots; being of similar size and shape
rnay be compared w1th respect to their relative intensity.) When the pseudouroporphy—
rin concentration was high, it was found that the ratio-of uro I to (uro ITI -+ pseu-
douroporphyrin) agreed closely with results by decarboxylation and lutidine chro-
matography. This can be taken as further evidence that the spot found above uro ITI
and known as pseudouroporphyrln is a compound wh1ch decarboxylates to yxeld‘
copro IIL. ‘ :

~ After the first’ run (kerosene—chloroforrn) of samples: derived frorn enzymlc
1ncubatlon two spots appear on the paper. The faster-movmg spot gives rise after the
second run to the: characterlstm spots of uro I, uro III, and pseudouroporphyrm
together with traces-.of copro IIT ‘and those materials provisionally designated
hexacarbo*cyllc and pentacarbo*cyhc porphyrlns The slow-moving spot, which occurs
only in traces is assumedto be either partially esterified porphyrin or'a degrachtmn_ '
product of the esterification. It is not completely unesterified ‘porphyrin’ since. that.
material stays firmly on the base line when run as a standard marker whereas’ our
slow-moving material moves a short, but- significant, “distance from it (see Fig. 6).
In practice, the spot is removed when the paper is cut after the first run. When,
however, such material, collected after running several heavy appl1cat10ns wasbulked_
and run in kerosene—dlowan it moved to the same pos1tlon as uro III'ester, but did
not ‘form the’ character1st1c fan-shaped ‘spot. Therefore; if it ‘had’ ‘been’ present in
large amount and had not been removed complctely by cuttlng the’ paper after the
-first run, "this’ unknown rn'v.tenal would have contrlbuted to the’ uro IIT ester frac--
tlon In practlce, the risk of érror from thls source is neghglble o ' ‘

Although elutlon ﬁgures do not reveal T00 % recovery of the esters apphed but:

rather a percentage recovery whlch is gencrally of the order of 70 % it is felt that the
‘values' obtained’ for standard isomer solutions by 1 use of the correction’ formula are
sufficiently reproducible to present a method by which the ratio of I and III isomers'in
a mixture may be estimated within 7% accuracy Agreement between the’ method.
and the results ‘from ‘decarboxylation and lutidine chromatography supports the
efﬁcacy of this means of estimating the ratlo of uro I uro III pseudouroporphyrm
by dloxan chrornatography ERRE - - : :

‘ : APPEND']'IX‘ o
: Derz’uationb'of eqn. (I) - S
Concentration uro III ester (g/roo ml) = #ﬁ/;—“-
' ' ‘ lcm

O S T

i 2Dgop—a = (Daao + Daao) (RIMINGTON AND:

g Deel e e _— S ke X Elu/?n Co SVD!NssoNla) B
" Lg‘ = 2D405-—o (Daso + Daao) Io“ x .V

J. Chromatog., 10 (1963) 141-157 "
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where: . FE e ¥ E ‘ L
D o= extlnctlon at wave-length 1ndlcated by subscrlpt
V' i =.volume.of solution: (ml) L
El% ' = 2300 (RIMINGTONY), . ‘ ST =
koo =01, 6172 (derwed by method of RIMINGTON AND SVEINSSONla).-
1" sig uro III ester = [ZD‘“’“"’ (D"‘“’ + D‘“"’)] X 100 V L
e ‘ . L 6172_>< _23oo >< 1oo

S = [2D405-e (Daso + ano)] x 2.689 X V

Similarly: ' ‘

[2]3405—8 (Dggp 4 Dygp)] X 10° X V

/exJ‘lA’ X Ioo

. puguro Lester. =
' ' lcm

[2D405—¢ — (Dggo + Daao)] X 108 X V
o I, 6051 X 2264 X Ioo

: ‘. —_— [zploa—o (Daso + Ddao)] % 2.752 X V
| Therefore 1n the mean ’ FEE : , ‘ N -

. o ﬂgr,._,ro esters '=" ‘[2 D«os e (Dm o Dm)] i ager X o (‘I;)
| ‘Derwatzon of eqn (2) R TRt Co e A

‘ Let % total ME. of uro ester (I + III) eluted '

y._. uro, ester eluted from ‘the.I pos1t1on as a percentage of the total uro ester ,
L eluted el

2z = true’ percentage of uro I ester

A relatlonshlp between %, . and z was requ1red 1n the form z =1 (1: -

. From Table IV, y was plotted agalnst x, for z = 20%, 25 %, 50 %>.75. A,, 80 A, ,

and 90.%: . % and 10%. were ormtted as were 30 %, 35% and 40% wh1ch only ?

had two values of xandy each It was found that for values of » between 0.4 and 1.2,

,the rela.tlonshlp was linear. The values of & and b in the equatlon y=a -|— bx were: .

;then determined Ior each value of z. _

Usmg the set of equatlons Yy =a + bx values of y, for ﬁw:ed values of x between

‘ o 30 and.I. 20, ‘were found for each value of z.

¥ was then plotted agalnst z for each value of x, and it was found that y and z,"
- were best related by a quadratlc equatlon :

"Il .,ll.

z—A +By +Cy2 e T (@)

where 4, B and C were all functlons of X0z = 80 % was ormtted at th1s stage as it d1d
not fit in w1th .the other ﬁgures S E :
BRI Values of A, B and C were then deterrruned for values of » between o. 30 and I.20."
‘ Graphs of A, B-and C vs. x were made and it was found that for values of x between,{f‘
0.4 and r 2; A ‘B and C ‘were all best related tox by thc Iollowmg cub1c equatlons i

3o 77——10 51,1:——21 49*;2 +- 16041:3 R ‘
== 0.7509 —.0.3755% -+ 0.5997%® — 0.5619x" ‘
ia= — 0, 000999 + o 0057801' — 0, oo4834v” + 0. oo4361x3

om
Y u" I
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SUMMARY }- 2

A detailed study of the chromatograplnc separatmn of uroporphvrm I and III esters |

. by the dioxan method shows such separation to be hlghly sensitive to several factors.

Among these, the qua.ntlty of . mfmterla.l applied. and that subsequently eluted from
the paper are very important. ‘ :

Technical improvements have ralsed the recovery by elution to about 70 %
(limits 50 % and 100 %). Application of a mathematical correction to the results leads
to greater accuracy in the analysis of mixtures of isomers. ' ‘

Usmg the method now descrlbed it is p0551b1e to detect and estimate ratios of,
the isorners ranglng between 17:83, 'md 100:0 (I: III) w1th1n 7 % accuracy.

ADDENDUM e

arkedly 1rnproved by mlmrmzmg the tlme of drymg the chrorm.tograms They are
now dried at x10° for 3 min after the ﬁrst run and: for 7 min after the. second re-

- coveries of between 90 % and 100 % are thus routmely obtalned Slrml'tr Valucs may-

also. be obtamed by drymg with a strong a.lr blast at .50° for 10 mln and Iz min
respectwely
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