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Potential for cancer diagnosis by porphyrin determination after 5-aminolevulinic
acid (ALA) administration

—Establishment of a Porphyrin Determination Method—

Masahiro Ishizuka,” Yasunobu Ueda,” Satoshi Utsugi,z) Shu-ichiro Ogura,” Masao
Kondo,” and Ichiro Okura”
1} Cosmo Oil Co., Ltd., 2) Department of Neurosurgery, Kitasato University School of Medicine, 3)

Tokyo Institute of Technology, 4) Tokyo City University .

Summary. Ogura et al. reported that the porphyrin concentrations in tumor-bearing
mice were found to become significantly higher than those in normal mice when
S-aminolevulinic acid (ALA) was administered to normal mice and tumor-bearing mice
and then the porphyrin concentrations in the blood and in the urine were determined
with lapse of time[1]. The results suggest the potential for cancer screening with ALA
administration. In this study, in order to apply such screening to humans, we examined
conditions in which the ALA concentration and the concentrations of porphyrins,
including porphyrin isomers, such as uroporphyrin (UP) and protoporphyrin IX (PPIX)
in human blood and urine can be determined. Accordingly, we have established a
porphyrin concentration determination method that allows separation and quantification

of porphyrins. The method is reported as follows.

Keywords: plasma, urine, porphyrin, 5-aminolevulinic acid, high-performance liquid

chromatography

Introduction

Porphyrins in plasma are important for diagnosis and differential diagnosis of
porphyria. [2] Recently, Ogura et al. reported the potential for cancer screening by
determining porphyrin levels in plasma and in urine after ALA administration to mice.
[3] Determination of porphyrins in biosamples has significantly advanced with the
advent of high-performance liquid chromatography (HPLC). Kondo reported that
protoporphyrin IX (with the number of carboxyl groups being 8 to 2} can be separated
and quantified from uroporphyrin using the HPLC method. [4] However, there are still
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no reports on total porphyrin analysis including analysis of porphyrin isomers.
In this study, it was attempted to verify the results obtained by Ogura et al. in humans
by improving pretreatment for porphyrins in plasma and mobile-phase gradient
conditions for HPLC with the use of a reversed-phase column in order to separate and

quantify total porphyrins including porphyrin isomers in an accurate manner.

Materials and Method
1. Reagents '

The following materials were purchased from Frontier Scientific, Inc.:
porphyrin acid chromatographic marker kit (hereinafter abbreviated to "Kit" containing
uroporphyrin 1 (hereinafter abbreviated to "UPI"), heptaporphyrin (hereinafter
abbreviated to "7P"), hexaporphyrin (hereinafter abbreviated to "6P"), pentaporphyrin
(hercinafter abbreviated to "SP"), coproporphyrin I (hereinafter abbreviated to "CPI")
isomer, mesoporphyrin (hereinafter abbreviated to "Meso"), uroporphyrin Il
(hereinafter abbreviated to "UPII"), and coproporphyrin III (hereinafter abbreviated to
"CPII"). Acetonitrile was used for HPLC. The other reagents used were all

special-grade reagents.

2. Samples ,

ALA hydrochloride (1 g) was dissolved in 5% glucose (50 mL) and orally
administered to 8 volunteers (7 males and 1 female). Four hours later, samples obtained
by blood and urine collection were used. In addition, in the case of onc patient
diagnosed as having a brain tumor (glioblastoma IV}, a preparation provided by Dr.

Utsugi from Kitasato University was used.

3. Pre‘paration of samples

An ethyl acetate-acetic acid mixed solution (4/1, v/v) (800 uL) was added to
each plasma sample (200 uL), followed by mixing with a vortex mixer and
centrifugation at 15,000 rpm for 5 minutes. After centrifugation, the supernatant was
collected and dried by nitrogen purge and then mixed with a methanol-acetic acid
mixed solution (1/1, v/v) (100 pL). The obtained mixture (40 puL) was injected into an
HPLC.
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A 0.08% iodine-acetic acid mixed solution (1/1, v/v) {200 pL) was added to
each urine sample (200 pL), followed by mixing with a vortex mixer and centrifugation
at 15,000 rpm for 5 minutes. After centrifugation, the supernatant (40 uL) was collected

and injected into an HPLC.

4. HPLC analysis conditions

The system used was Shimadzu LC-10A VP. The column used was Shiseido
CAPCELL PAK C18 AG120. The detector used was RF-10AXL fluorescence detector
(Ex. 406 nm, Em. 609 nm). For the mobile phase, solution A (12.5% acctonitrile-1 M
ammonium acetate liquid mixture (pH 5.15)) and solution B (80% acetonitrile-50 mM
ammonium acetate liquid mixture (pH 5.15)) were used. The gradient conditions were
as follows: 5-minute hold with solution A, linear gradient of A/B (100/0)-A/B (65/35)
for 35 minutes, linear gradient of A/B (65/35)-A/B (0/100) for 1 minute, 9-minute hold
with solution B, linear gradient of A/B (0/100)-A/B (100/0) for 1 minute, and 9-minute
hold with solution A. Determination was carried out at a flow rate of 1.0 ml/min and a

temperature of 40°C.

Results

1. Examination of HPLC analysis conditions
A standard porphyrin solution was dissolved by adding 2.4N HCI (0.2 mL) to a
Kit, followed by sonicatioh for dissolution. Thereafter, the resultant was washed with
50% acetic acid (approximately 5 mL) in a 10-mL measuring flask. UPIIl and CPIII
were each accurately weighed to 1 mg, followed by the addition of 2.4N HCI (10 mL)
and sonication for dissolution. Thereafter, the obtained resultants were separately
measured with 50% acetic acid (20 mL). Thus, a UPII standard solution (55.329
nmol/mL) and a CPIII standard solution (68.715 nmol/mL) were obtained. The UPIII
standard solution and the CPIII standard solution (in an amount corresponding to 10
nmol) were added to the Kit. The total volume was adjusted to 10 mL with 50% acetic
acid so that a standard stock solution containing each porphyrin at a concentration of
1,000 nmol/LL was prepared. This stock solution (40 pl) was injected into the column,

followed by comparison with the HPLC method by Kondo (Fig. 1). It was found that all
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porphyrins including isomers can be separated using the method of this study.
Next, in order to confirm the quantification performance of this method, a dilution

linearity test, a within-run reproducibility test, and a recovery test were conducted.

1+2 (1)
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Figl. Comparison between conventinal method and New method

(1) Conventional method (This method by Kondo) , Mobile phase use A sol(80%
Acetonitrile,7 % Acetic acid 50mM Ammonium acetate) and B sbo(10% Acetonitrile,4 %
Acetic acid, 50mmM Ammonium acetate), (II) New mehod and Standard solution is
showen 1,Uroporphyrin [ ; 2, Uroporphyrinlll; 3,7P ; 4,6P ; 5,5P ; 6,Coproporphyrin [ ;
7,Coproporphyrinill; 8, Mesoporphyrin.

In the dilution linearity test, the standard stock solution was added to plasma
from a healthy volunteer. A prepared plasma sample containing each porphyrin at a
concentration of 50 nmol/l was subjected to predetermined pretreatment. The obtained

methanol-acetic acid solution was diluted 2-, 4-, and &-fold with a 50% acetic acid
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aqueous solution. Each diluted solution (20 pl) was injected into an HPLC.
Then, each porphyrin level was determined based on the calibration curve and
was plotted so as to obtain dilution linearity. As a result, in each case, the correlation
coefficient was r = 0.995 or more. Preferable straight lines were created based on 8
types of porphyrin samples prepared with the use of plasma (Fig. 2). Also in the casc of

urine, the correlation cocfficient was r = 0.995 or more. Accordingly, preferable straight

lines were created (data omitted).

=
=
§ 80 T —e—UPI
7 o~ UPHI
! g 60 7P
‘ g —— 6P :
- § 40 —%—5p |
g | —o— CPI
= 20 —— CPIII
[«F) H
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x O ‘ : ‘ -
[+F)
> 0 025 05 075 1

Dilution ratio

Fig2. Linearity of dilution curves using plasma sample

For the within-run reproducibility test, the urine sample used was prepared by
adding each porphyrin so as to result in 400 nmol/l to pooled urine from a healthy
individual. In addition, the plasma sample used was prepared by adding each porphyrin
so as to result in 50 nmol/l to plasma from a healthy individual.

Determination was carried out 5 times with the use of the plasma and urine
samples. As a result, the variation coefficient was found to be 3.4% to 4.1% in urine and
0.6% to 4.6% in plasma. A good variation coefficient of CV = 5% or less was confirmed

in both cases (Tables 1 and 2).
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Table1 Within—run reproducibility of Porphyrins in Urine
average{nmol/1) SD{(nmol/l) CV(%)

(n = 5) (n = 5) (n = 5)
UP I 363 13 3.6
UP I 428 14 3.4
P 367 15 4.1
6P 374 13 34
5P 377 13 3.4
chP 1 381 13 3.4
CP I 343 12 3.5
Meso 345 14 3.9

Table2 Within—run reproducibility of Porphyrins in Plasma
average(nmol/lI} SD(nmol/I) CV(%)

(n =5) {n =5) (n =5)
up 1 51.2 1.2 2.4
Up 1 48 5 1.3 2.6
P 54.0 2.4 4.5
6P 53.2 2.0 38
5P 52.7 1.8 2.8
CP I 53.4 0.3 0.6
cP I 47.9 2.2 4.6
Meso 51.5 2.1 4.1

For the recovery test, the sample used was prepared by adding a standard
stock solution or purified water (1 volume) containing each porphyrin at a
concentration of 500 nmol/1 to pooled urine or plasma from a healthy volunteer (9
volumes).

The recovery rate was calculated by the following equation.
Recovery rate (%) = < (determination value from urine or plasma + standard stock
solution) — (determination value from urine or plasma + purified water) > /50 x 100

Accordingly, CPI and CPIII were present in base urine and base plasma.
Meanwhile, the recovery rate was from 82% to 103% in urine and from 93% to 108%
in plasma. A good recovery rate of £20% or less was confirmed (Tables 3 and 4).

Based on the above results, it has been confirmed that it is reasonable to use
the method of this study as a method for determining 8 types of porphyrins in human

urine or plasma.
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Table3 Recovery of Porphyrins in Urine

Endogenous Additive amount Measured
porphyrins (nmol/I) (nmol/1) concentrations Recovery (%)
up I 0.0 50.0 51.7 103.4
UP I 0.0 50.0 51.1 102.0
7P 0.0 ©50.0 51.4 © 1030
6P 0.0 50.0 51.2 102.0
5P 0.0 50.0 50.8 102.0
CP I 9.5 -50.0 : 58.8 8.5
CP II 50.8 50.0 91.8 91.1
Meso 0.0 50.0 42.3 84.6

Table4 Recovery of Porphyrins in Plasma

Endogenous Additive amount Measured
porphyrins (nmol/l) {nmol/1) concentrations - Recovery (%)
UpP I 0.0 50.0 51.2 . 102.4
up I 0.0 50.0 48.5 87.0
7P 0.0 50.0 54.0 108.0
6P 0.0 50.0 53.2 106.4
5P 0.0 50.0 52.7 105.4
CP I 1.6 50.0 53.4 103.5
CP II 1.4 -50.0 ' 47.9 93.2
Meso 0.0 50.0 51.5 103.0

2. Significance of determination of porphyrins in plasma from human volunteers and
plasma from brain tumor patients

One brain tumor patient was compared with 8 healthy adult volunteers. ALA
was administered to the patient and the volunteers. Before and 4 hours after ALA
administration, the porphyrin concentrations in plasma and urine were determined.
Before ALA administration, UPI, UPIII, CPI, and CPIII levels in plasma and urine were
high in the brain tumor patient. However, no significance was confirmed. Meanwhile, 4
hours after ALA administration, the CPIII concentration (approximately 4 times greater
than that in the volunteers) in urinc and the UPI concentration (approximately 3.5 times
greater than that in the volunteers) and the UPIII concentration (approximately 1.5 times
greater than that in the volunteers) in blood were significantly higher in the brain tumor
patient than that in the volunteers. A high CP concentration in urine or a high UP
concentration in blood after 5S-ALA administration indicates the presence of a lesion
exhibiting hypermetabolism of 5-ALA in the body. Therefore, the above results suggest

that porphyrin concentrations can be used as a tumor marker.
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