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Abstract. The tryptophan metabolite kynurenic acid has be-en 
sbown to be photohemo!ytically active. Since this effect is 
oxygen dependent and can be inhibited by beta-carotene, 
the primary oxidizing species invoJvcd could possibly be 
identical with singlet slale excited oxygen. Under certain 
conditions, diagnostic use can be made of the strong in­
fluence of solvent on the lifetime of singlet oxygcn. Thus, 
the decay of this excited molecu.le is slowed down in deuter­
ium oxide by a factor of ten, compared with ordinary water, 
and thc degree of photohemolysis in both types of solvent 
has therefore bcen compared. Jn 020 thc degree of photo­
hemolysis was up to approximately ten times higher than 
in the corresponding protonated solvent. Histidine, a known 
que,icher of singlet oxygen but which reacts comparatively 
slowly with the triplet states of several photosensitizers, 
effectively protects the red cells from photollemolysis. Finally, 
kynurenic acid was capable of inducing tbe sensitized oxida­
tion of tbe singlet oxygcn acceptor I, 3-diphenylisobenzo­
furan. These findings strongly support the hypothesis that 
the photohemolysis observed in presence of kynurenic acid 
is mediated by singlel oxygen. 

Kynurenic acid is an endogenously occurring 
tryptophan metabolite, which in earlier work proved 

to be photohemolytically active (18, 20). The photo­

hemolysis is oxygen dependent and is inhibited by 
beta-carotene (20). Kynurenic acid could possibly 

function as an important photosensitizer in dis­

orders of tryptophan metabolism, where metabolites 

are accumulated in the tissues, and the patients 

experience hypersensitivity towards light. 

In view of the ability of beta-carotene to inhibit 

the photohemolytic reaction, it was tempting to 
speculate about the involvement of singlet state 

excited oxygen in this process (I, 7). In photody­
namic action, two major primary mechanisms are 
found to occur: (a) Direct reaction beween sensi­
tizer triplets and the oxidizable substrate, followed 

eventually by reaction with molecular oxygen, and 

(b) reaction between oxidizable substrates and singlet

28-742806

oxygen, which has been generated by energy trans­

fer from the triplet state of various sensitizers 

according to the reaction sequence 

(]) 3S+ 3O, -> 1So + 10, (energy transfer) 

(2) 10, _,. 30, {decay)

(3) 10. + A ..... •02 + A or A0, (sum of physical 

quenching and chemi­

cal reaction) 

where 3S and 1S0 denote excited-triplet and ground­
singlet states of the sensitizer, 10, is '.6.u excited 

singlet state oxygen, A is the oxidizable substrate 

and A0, is some oxidation product. Which pathway 

predominates is mainly dependent on the relative 

effectiveness of singlet oxygen generation (reaction J) 

as compared with the rate of direct reaction between 
sensitizer triplets and oxidizable substrate: 

(4) as 1-A .... lS0 + A or products 

Mixed mechanisms are, naturally, also conceivable. 

The participation of singlet oxygen in various 

biological systems has previously been postulated 

on the basis of very inconclusive evidence (4, 17). 

Recently, however, we have developed diagnostic 

tests which make possible the demonstration of 

singlet oxygeo. These tests are based on the large 

solvent deuterium effect on the lifetime of this 

excited molecule, as weU as on the correlation be­

tween the lifetime of singlet oxygen and the inten­
sity of the infrared absorption of the solvent (4, 6). 
Usiog these methods together with quenching ex­
periments involving azide and kinetic spectroscopy, 

the involvement of singlet oxygen in the photo­

sensitized oxidatitm of free amino acids and· en-
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Fig. I. The degree of photohemolysis as a runction or the 
concentration or kynurenic acid. The scale on tbe abscissa 
is logarithmic. --, experiments with D20; -----, with 
H,O as solvents. Curves indicated by (a) without addition 
of histidine, and by (b) with J.3 x 10-• M (2 mg%) histidine 
added. 

zymes could for the first time be conclusively de­
monstrated (6, 8, 9, 10). For singlet oxygen reactions 
which occur in aqueous solution, a tenfold increase 
in efficiency of photo-oxidation of amino acids and 
proteins is obtained by replacing H,O by D,O as 
solvent, depending on a corresponding increase in 
singlet oxygen lifetime from 2 ,,sec to about 20 µsec 
(6, 9, JO). These findings have been confirmed in 
other laboratories (5, 13). The use of the deuterium 
effect for identification of singlet oxygen has the 
great advantage that it does not require addition 
of foreign components to the solvent, which might 
react with the excited molecules formed or with the 
reaction products, nor is there any change in most 
properties of the solvent (6). 

It should be emphasised, however, that !arge 
deuterium effects on reaction rates for processes 
involving singlet oxygen will be observed only if the 
singlet oxygen acceptor is able to intercept a small 
fraction of the total amount of singlet oxygen formed 
in the protonated solvent, i.e. singlet oxygen dis­
appears mainly by reaction 2 in this medium. 

In the present study, the effect of substituting 
D,O for H2O on the photohemolytic effect of 
kynurenic acid was investigated. 

In aqueous solution, histidine acts as an efficient 
quencher of singlet oxygen. Although being less 
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efficient than beta-carotene in this respect, histidine 
has the advantage of being more readily soluble 
in hydroxylic solvents and of ha ving a low quenching 
rate on triplets of several photosensitizers (8). The 
effect of this amino acid on the photohemolytic 
activity of .kynurenic acid has therefore been in­
vestigated. 

MATERIAL AND METHODS 

The experiments were performed with the photohemolysis 
technique described by Peterka et al. (12), modified by Kahn 
& Fleishaker (2, 3) and carlier used by us (18, 19, 20). 

Erythrocytcs were obtained from healthy human adulls, 
and only blood group O Rh + was used. 

Kynurenic acid in final concentrations varying from 
4.8 x 10-• M to 4.2 x 10-• M in 0.02 M phosphate buffer, 
pH 7.4, containing 0.14 M NaCI based either on H,O or 
D20 (99.8 %, AB Atomenergi, Studsvik, Swedcn) was uscd. 

Packed human red blood cells were washed threc times in 
physiological saline and O.J ml was then added ro 10 ml of 
the buffered solutions mentioned above, and poured into 
2 mm quartz cuvcttes. The H20 content of red cell sus­
pensions with 020 as a solvent, was calculated to be. less 
than I•�. Controls were incubated in the dark at 37°C. 

Test suspensions were exposed to longwave ultraviolet 
light af ter about I O min, which was considered sufficient 
timc for equilibration of the two types of water. The llllra­
violet source was a Black-Ray B-100 A lamp (Ultra-Yiolet 
Products lnc.) giving a longwave ultraviolet radiation ranging 
from 350 to 380 nm, with its intensity maximum at 366 nm. 
Test suspensions were irradiated at a distance of 12 cm from 
the lamp in the quartz cuvettes placed against a black back­
ground. The inlensiry of rhe lamp ar this distance was 6.5 

mW/cm•, measured with a Hewlett & Packard Radiant Flux 
meter. The exposure time was 1.2 x 10" sec. After irradiation 
the test suspensions were centrifuged at 2 000 rpm and the 
optical density of the supernatant fluid at 540 nm was dcter­
mined on a Beckman DB Spcctrophotometer, after an in­
cubation time of 2 hours at 37°C. Results were compared 
with the dark control and with a total hemolysis control 
(2, 3, 19). Results wcre expressed in percent relative to the 
100% hcmolysed specimen. 

The effect of histidine in final concentrations of 1.3 x I o-•

M and 3.2 x 10-• M was investigated under lhe same ex­
perimental conditions. 

To investigate whether the sing.let oxygcn acceptor 1,3-
diphenylisobenzofuran was photo-oxidized in the prescnce 
of kynurenic acid, the following experiment was performcd. 

Silica gel particles (60-200 mesh) were coated with sen­
sitizer by evaporation of solvent from a solution of kynurenic 
acid in etbanol mixed with silica gel in a rotary evaporator 

to give a c-oating corresponding to an amount of about 
30 mg of sensitizer per gram of silica gel (11). This coating 
was found to be insoluble in several non-polar media. 
Photo-oxidation of 1,3-diphenylisobenzofuran (Aldrich 
Chemical Co.: 2 x 10-• M) was carried out by irradiation 
with light from a l 000 W xenon-lamp, focused by thick glass 
lenses, in cbloroform to which the coated silica gel was addcd. 



RESULTS 

A light dose that gives a significant hemolysis with 

H20 as solvent and a subtotal hemolysis with D20 

has been chosen. 

The results are summarized in Fig. 1 where the 

percentage of hemolysis is given as functioo of the 

concentration of kynurenic acid. Obviously the 

photohemolytic activity is considerably higher in 

D2O than in H,O. Thus, at the Jowest concenlration 

of kynurenic acid used, 30% hemolysis is observed 

io the deuterated solvent when the corresponding 
degree of photohemolysis in ordinary watcr is 

insignificant. The difference in photohemolytic 

activity is approximately 10-fold in the lower range 
of lhe concenlrations used, but levels off towards 

higher concentrations of the sensitizer. In the 

presence of J .3 x I o-• M histidine a certain inhibition 

of the photohemolysis is observed in D,O as well as 

in H,O. 3.2 x 10-• M of the amino acid gives total 
inhibition in both solvents. 

In a heterogeneous system consisting of silica gel 

particles coated with kynurenic acid suspended in 

chloroform containing tbe singlet oxygen acceptor 

1,3-diphenylisobenzofuran ( l l) the tryptophan meta­

bolite was found to promote the photo-oxidation 

of the furan derivative when irradiated with long­

wave UV light. 

DISCUSSTON 

Photohemolysis is a reproducible phenomenon 

which can be used at least for semiquantitative 
analysis, when it is carried out under standardized 
conditions. The degree of photohemolysis, up to 

about 60%, according to the method used in our 
laboratory, is proportional to the light dose given 

and to the logarithm of the concentration of the 

photosensitizer. However, it is difficult to compare 

the efficacy of two sensitizers quantitatively with 

accuracy. 

The data presented in Fig. I indicate that by 

using D,O as solvent instead of H20 the photo­

hemolytic activity of kynurenic acid increases by a 

factor of 3-10. In the case when D20 is used as 

solvent we have estimated that the cootamination 

with H,O is less than 1 %. Under these conditions 

the expected increase in lifetime of singlet oxygen 

would be around ten-fold, giving a corresponding 
increase in photohemolysis, provided that the rate 

of chemical reaction between singlet oxygen and 

oxidizable components of the erythrocyte cell mem-
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brane is slower than the rate of spomaneous relaxa­

tion or singlet oxygen to the ground triplet state. 

Such an effect is indeed observed at the lower con­

centrations of the seositizer. The decreasing deu­

terium effect observed at the higher sensitizer con­

centratio□s may be ascribed to the fact that the 

extensive photohemolysis observed in D20 at these 

levets approaches its maximum, and is no !onger 

proportional to the number of primary cbemical 

eveots. The results obtained are therefore com­

patible with the hypothesis that singlet oxygen is 
involved in the photodynamic hemolysis sensitized 

by kynurenic acid. 

The protection of the erythrocytes against hemoly­
sis in presence of histidine is in agreement with 

kinetic data previously obtained for singlet oxygen 

quenching by flash photolysis and pulsed laser 

photolysis (8, 9). 

The following facts about the photohemolytic 
effect of kynurenic acid makes it very likely that 

singlet oxygen is involved in tbe primary, photo­

oxidative attack on the cell membrane, namely its 

oxygen dependence, ils suppression by beta-carotene 

(20) and histidine (9), the pronounced deuterium

solvent effect as well as its ability to induce photo­

oxidation of the singlet oxygen acceptor 1,3-di­

phenylisobenzofuran (6, 9).

Possible targets in the red cell membrane for the 

oxidative effect of singlet oxygen are unsaturated 

fatty acids, cholesterol and the amino acids in the 

proteins. The findings by Schothorst et al. ( 14, J 5, 

16) may indicate that an oxidation of some amino
acids is the primary event. This seems reasonable,
since the proteins rather than the lipids of the red

blood cell membrane are exposed to the surrounding
water solution.
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