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Porphyrins have long been recognized as 
being involved in light-induced tissue dam- 
age. Fischer ( 1 )  was probably the first to 
describe their role in photohemolysis. Other 
early studies were carried out by Gunther 
( 2 )  and by Kammerer and Weisbecker ( 3 )  
who varied several parameters as well as 
comparing the effectiveness of more than one 
porphyrin. Later Cook and Blum (4) found 
that the photohemolysis of normal red cells 
required oxygen and suggested that the he- 
molysis was attributable to their protopor- 
phyrin content. Interest in this phenomenon 
was revived when Harber et al. ( 5 )  noted the 
unusual susceptibility to photohemdysis of 
erythrocytes from patients with erythropoiet- 
ic protoporphyria. This is a recently recog- 
nized disease of porphyrin metabolism in 
which there is an abnormal skin sensitivity to 
sunlight and greatly increased levels of pro- 
toporphyrin in erythrocytes and feces. 
Subsequent investigations led Fleischer et al. 
(6)  to conclude that the photohemolysis of 
these protoporphyrin-containing cells involves 
membrane damage, then increased permea- 
bility, and finally colloid osmotic lysis. 

The occurrence of skin symptoms in cer- 
tain other types of porphyria, as well as a 
high erythrocyte porphyrin concentration in 
one, p s e d  the question of possible photohe- 

1 This investigation was supported in part by re- 
search grants from the National Institute of Arthritis 
and Metabolic Diseases, U. S. Public Health Service 
(AM 02164), and the National Science Foundation 
(GB 6829). 

2 Supported by a Training Grant from the National 
Institute of Child Health and Human Development, 
U. S. Public Health Service (5-T01-HD-405-10). 

3 Research Career Development Awardee of the Na- 
tional Institute of General Medical Sciences, U. S. 
Public Health Service (S-K3-GM-28,118). 

molysis in these other diseases of porphyrin 
metabolism. Therefore, the present investiga- 
tion was undertaken as a possible aid in un- 
derstanding the photohemolytic process. 
Compared are the behavior toward irradia- 
tion of normal erythrocytes and those from 
patients with four different types of porphy- 
ria that are characterized by cutaneous 
manifestations: erythropoietic protoporphyria 
(EPP) , congenital erythropoietic prphyria 
(CEP), South African porphyria (porphyria 
variegata) , and porphyria cutanea tarda. Also 
compared are the photohemolytic properties 
of uro-, copro-, and protoporphyrins when 
added to erythrocytes. 

Methods. Erythrocytes from citrated or he- 
parinized human blood were washed three 
times with 0.9% sodium chloride, then 
routinely suspended in Hanks' solution at  a 
dilution of 1 : 2000. This dilution afforded 
uniform illumination and further dilution of 
the cells changed neither the lag time nor the 
rate of hemolysis. In  no case was light ex- 
posure of whole blood studied. 

Twenty-ml aliquots of cell suspensions 
were placed in 90-mm uncovered petri dishes 
on a rotary shaker. The studies were done a t  
4' in order to limit the errors introduced by 
evaporation. Irradiation was obtained from a 
Blak-Ray fixture fitted with two shielded 
long wave ultraviolet tubes of 15 W each. 
These gave an intensity a t  the surface of the 
cell suspension of 4 lm/ft2 as measured with 
a Weston Ranger 9 cadmium sulfide meter 
having 24% sensitivity at  400 mp, the region 
of maximum porphyrin absorption. Two-ml 
samples of irradiated cell suspension were 
withdrawn at  various time intervals and cen- 
trifuged. Released hemoglobin was measured 
at  540 mp. The percentage hemolysis was 
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FIG. 1. Photohemolysis under long wave ultraviolet 
irradiation of protoporphyrin-containing erythrocytes 
(from erythropoietic protoporphyria patient) and 
normal erythrocytes to which had been added an 
equivalent amount of protoporphyrin. The results re- 
present an experiment in which a relatively con- 
centrated cell suspension (1:400) was used. 

determined by comparison with a sample in 
which 100% hemolysis was induced by freez- 
ing. The initial experiment reported (Fig. 1) 
was unique in that 200 ml of suspension at 
1:400 dilution was used and 7-ml samples 
were taken for hemoglobin determination. 

Uroporphyrin and coproporphyrin were 
isdated from pathological urine by solvent 
extraction and purification. Purity was 
checked by thin-layer chromatography (7). 
Protoporphyrin was prepared by reducing he- 
min in formic acid with powdered iron ac- 
cording to the method of Fischer and Putzer 
as described by Schwartz et al. (8). Erythro- 
cyte porphyrin concentrations were deter- 
mined essentially by the method of Schwartz 
et al. (9).  The porphyrin content of intact 
erythrocytes was observed in dried smears by 
fluorescence microscopy. 

Results. Approximately 20% of the eryth- 
rocytes from the patient with erythropoiet- 
ic protoporphyria showed the orange-red 
fluorescence of porphyrins when observed mi- 
croscopically with long wave ultraviolet light. 
The initial experiment, in which conditions 
were slightly different from those employed 
routinely, demonstrated dearly that hemoly- 
sis occurred in two phases (Fig. 1). Follow- 
ing about a 5-hr delay, there was an initial 
phase with a slow rate of hemolysis a t  the 
end of which none of the remaining red cells 
showed microscopically observable fluores- 
cence (9 hr) . The second phase was charac- 

terized by a very rapid rate of hemolysis that 
proceeded to completion. Under similar con- 
ditions, normal red cells showed insignificant 
hemolysis. However, when an approximately 
equivalent amount of protoporphyrin was 
added to normal erythrocytes, these lysed in 
a single rapid phase that began after a short- 
er period of irradiation. 

In  the subsequent experiments where a 
1:ZOOO dilution was used, the two phases of 
hemolysis of erythropoietic protoporphyric 
red cells occurred with a shorter lag period 
and at  a very rapid rate (Fig. 2A) .  These 
erythrocytes had a protoporphyrin concentra- 
tion that averaged about 1000 pg/100 ml or 40 
times normal (Table I) .  Cells from normal 
individuals, a patient with congential eryth- 
ropoietic porphyria (Table I),  and from 
two patients with forms of cutaneous hepatic 
porphyria in which the red cell porphyrins 
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FIG. 2A. Photohemolysis of protoporphyrin-con- 
taining erythrocytes from a patient with erythro- 
poietic protoporphyria. The cells were in dilute sus- 
pension (1 :2OOO). ( B )  Photohemolysis occurring in 
mixtures of erythrocytes. Combinations of cells were 
diluted 1 : 2000 in each case. 
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TABLE I .  Erythrocyte Porphyrin Concentrations of 
Individuals Studied. 

Erythrocyte porphyrin 
concentrationsa 

(pg/lOO ml of packed cells) 

Clinical status Uro &pro Proto 

Normal Trace 1-3 20-40 
Erythropoietic 3 30 1000 

pro toporp hyr ia 

p i e t i c  porphyria 
Congenital erythro- 1000 30 450 

“Typical values or ranges only are given since 
many different blood specimens were used in the 
course of the experiments. 

are normal (porphyria variegata and porphy- 
ria cutanea tarda) were similarly irradiated. 
Each of these latter cell suspensions showed 
no significant hemolysis during a 6-hr period 
of irradiation. 

I n  order to observe possible effects of one 
cell type on another, combinations of three 
cell types (normal, CEP, and EPP) were 
prepared by adding together equal propor- 
tions of cells in pairs to give three separate 
cell mixtures (Fig. 2B). Hemolysis was seen 
only in those mixtures containing protopor- 
phyric erythrocytes. In  each instance there 
was a biphasic hemolysis that was separated 
by a lag period of about 1 hr. Since the 
experiment was terminated a t  6 hr, complete 
hemolysis was not always achieved, but i t  is 
clear that the course of hemolysis was ap- 
proaching 100%. The decreased rates of he- 
molysis in the cell mixtures can be ascribed 
to the greater dilution of the protoporphyrin- 
containing cells; this cell concentration effect 
was determined in experiments not reported 
here. 

The fact that protoporphyrin-containing 
red cells led to the hemolysis of normal cells 
and the time course required for total hemol- 
ysis suggested that the porphyrin was re- 
leased to attack these latter cells. This possi- 
bility was examined by adding protoporphyr- 
in individually to three types of cells: nor- 
mal, CEP, and EPP. At a protoporphyrin 
concentration of 1M in the suspension 
medium, all cells behaved alike, hemolyzing 
completely in 2 hr (Fig. 3A). At a porphyrin 

concentration of lous M, complete hemolysis 
still occurred, but with a longer lag period 
and at  a slower rate. 

In  contrast to protoporphyrin, uro- and 
coproporphyrins at concentrations up to loA6 
M exhibited no photohemolytic effect, and 
in the presence of these porphyrins all three 
types of cells behaved on irradiation the 
same as in their absence (Fig. 3B). There- 
fore, uro- and coproporphyrins appeared to 
be ineffective whether located either intracel- 
lularly (as in the CEP cells) or extracellu- 
larly. 

Discussion. Direct comparison of our 
findings with those of the early investigators 
(1-3) is difficult due to the many differences 
in techniques. Nevertheless, the general con- 
clusions reached have been confirmed. Re- 
cently the hemolysis by long wave ultravio- 
let irradiation of protoprphyrin-containing 
erythrocytes from patients with erythropoietic 
protoporphyria has been studied. Our experi- 
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FIG. 3A. Effects of added protoporphyrin on the 
photohemolysis of different cell types. (B)  Effects of 
added uro- and coproporphyrins on the photohe- 
molysis of different cell types. 
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ments further indicate that added extracellu- 
lar protoporphyrin will promote photohemol- 
ysis of normal cells. The fact that uroporphy- 
rin and coproporphyrin whether intra- or ex- 
tracellular did not catalyze photohemolysis 
suggests that the nearly identical spectral 
properties (absorption and fluorescence) of 
these three porphyrins are not the only im- 
portant factors in this process. There are, 
however, marked solubility differences be- 
tween these porphyrins. Protoporphyrin is 
highly lipophilic, whereas coproporphyrin and 
especially uroporphyrin are more hydrophilic. 
The importance of these solubility properties 
is supported by other studies (to be reported 
elsewhere) which have shown that a variety 
of other lipophilic porphyrins can induce 
photohemolysis, in some cases even more rap- 
idly than protoporphyrin. This specificity im- 
plies that solubility of the porphyrin in the 
lipid milieu of the red cell membrane is a 
prerequisite for the initiation of photohemol- 
ysis. 

The lack of photohemolysis in erythrocytes 
from lead poisoning ( lo ) ,  in which the pro- 
toporphyrin concentration is in the range 
found in EPP ( 1  1). and in those cells from 
our patient with CEP (which contained un- 
usually high concentrations of potoporphyr- 
in for this disease) indicates that additional 
factors are involved in the phenomenon of 
photohemolysis. Possibly in these instances 
the protoporphyrin is bound intracellularly in 
such a manner that it cannot deposit in the 
cell membrane. 

The possible relationships between red cell 
porphyrins and photosensitivity of skin are of 
interest. Even though lead poisoning and 
iron deficiency are commonly accompanied 
by elevated erythrocyte protoporphyrin con- 
centrations, we are unaware of skin photosen- 
sitivity of the type seen in EPP ever having 
been described in these conditions. Other 
effects of light in lead poisoning have been 
noted. Acutely poisoned rabbits excreted even 

greater amounts of coproporphyrin following 
exposure to ultraviolet light ( 12), perhaps 
related is the higher incidence of clinical lead 
poisoning appearing in the summer months 
( 13).  Other diseases of porphyrin metabo- 
lism, porphyria cutanea tarda and South Afri- 
can porphyria, are characterized by light- 
induced skin symptoms with normal red cell 
porphyrins. This indicates that elevated con- 
centrations of free red cell porphyrins per se 
are not the responsible agent for the skin 
manifestations seen in these diseases. It is 
believed that when the plasma porphyrin 
level is elevated, porphyrins deposit in the 
skin in sufficient quantities to allow photosen- 
sitive reactions to occur. 

1. Fischer, H., 2. Physik. Chem. (Leipzig) 97, 109 
(1916). 

2. Gunther, H., Ergeb. Allgem. Pathol. 20, 608 
(1922). 

3. Kammerer, H. and Weisbecker, H., Arch. Exptl. 
Pathol. Pharmakol. 111, 267 (1926). 

4. Cook, J. S. and Blum, H. F., J. Cellular Comp. 
Physiol. 53, 41 (1959). 

5. Harber, L. C., Fleischer, A., and Baer, R. L., J. 
Invest. Derm. 42, 483 (1964). 

6. Fleischer, A. S., Harber, L. C., Cook, J .  S., and 
Baer, R. L., J. Invest. Dermatol. 46, 505 (1966). 

7. Scott, C. R., Labbe, R. F., and Nutter, J. Clin. 
Chem. 13, 493 (1967). 

8. Schwartz, S., Berg, M. H., Bossenmaier, I., and 
Dinsmore, H., in “Methods of Biochemical Analysis 
VIII” (D. Glick, ed.), p. 271. Wiley (Interscience), 
New York (1960). 

9. Ref. (8), p. 253. 
10. Lischner, H. W., Purugganan, H. B., Valdes- 

Dapena, M. A.,  Watts, H. F., and McElfresh, A. E., 
Am. Pediatric SOC. -4btr 67th Ann. Meeting 1966, 48. 

11. Watson, R .  J., Decker, E., and Lichtman, H. 
C., Pediatrics 21, 40 (1958). 

12. DeMello, R. P., Proc. SOC. Exptl. Biol. Med. 
76, 823 (1951). 

13. Rapoport, M. and Rubin, M. I., Am. J. Diseases 
Children 61, 245 (1941). 

Received May 4, 1969. P.S.E.B.M., 1969, Vol. 132. 




