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Abstract. The phorohemolytic acuv11y of Lryptophan and 
ph�nylalanine metabolites has been studied. The experi­
ments were made witb both sun-spectrum-like radiation 
and longwave ultraviolet radiation (UVA). The high 
photohemolytic activity earlier found by ns for kynurenic 
acid was confirmed in tbis study. Some other tryptophan 
metabolites gave a slighl degree of bemolysis. The phe­
nylalanine metabolites investigated seemed 10 be of very 
minor importance with regard to photohemolytic effect. 
The pbotobemolysis of kynurcnic acid was proportional 
to the light dose and increased also linearly with the 
logariLhm of the concentration up 10 the optimum value. 
The reaclion was oxygen-dependent and inhibited by beta­
carotene. When kynurenic acid was irradiated and the 
erythroc)'les added after Lhe exposure, no hemolysis was 
obtained. The ability of somc of the tryp1ophan meta­
boli1es to initia1e photochemical reactions in a biological 
system, here recorded as photohemolysis, may be of im­
portance in diseases with patbological tryptophan metabo­
lism and concomitant light sensitivity where tryptophan 
metabolites are accumulated in tbe tissues. 

The photochemical properties of tryptophan and 
several tryptophan metabolites have been exten­

sively studied (1, 2, 6, 8, 9, 12, 17, 18, 27) and 
some of these compounds may participate in pho­

tochemical reactions under physiological condi­

tions. There are some diseases with light sensi­

tivity which have in common an altered trypto­

phan metabolism, as for instance T-lartnup's disease 

(7, 13), pellagra, carcinoid, hydroxykynureninuria 

( 16) and congenital tryptophanuria (26). Little is
known about how these metabolic disturbances

may influence the light sensitivity. 
The importance of any minor deviation in the 

tryptophan metabolism has been indicated by 
Binazzi & Calandra (3, 4, 5) in diseases such as 
lupus erythematosus and actinic reticuloid. 

Swanbeck & Wennersten (23) have presented 
evidence that k2'..!!.!:!renic acid is an endogenous 

photosensitizer that may be involved in photo­

allergic reactions. 
We have therefore performed a more systema­

tic study of the phototoxic capacity of tryptophan 

and tryptophan metabolites, but also of some 
metabolites from the metabolic pathway of phe­
nylalanine. 

We have used photohemolytic activity as an 

established criterion of the phototoxic potential 
of chemicals with regard to membrane damage. 

Photohemolysis can be studied in the laboratory 

under well defined conditions and give reprodu­
cible data. 

MATERIAL AND METHODS 

The Lechnique of Kahn & Flcischaker was used (14, 15). 
Erythrocyles were obtained from bcalthy buman aduhs 
and only blood group O Rh + was used. 

lnvestigated substances were L-tryptophan, 5-hydroxy­
L-tryptopban, 5-hydroxytryptamine, 5-hydroxyindole-3-
acetic acid, 3-indolepyruvic acid, tryptamine hydrochloride, 
indole-3-acetic acid, N-formyl-L-kynurenine, DL-kynure­
nine, 3-bydroxy-DL-kynurenine, xanthurenic acid, kynure­
nic acid, antbranilic acid, 3-hydroxy-anthranilic acid, 
quinolinic acid, picolinic acid, nicotinic acid, niacinamid, 
3-{3-indoleacrylic aid and indoxyl-sulpbate (Table I). Also 
investigated were L-phenylalanine, L-tyrosine, ,8-phenyl­
pyruvic acid, phenyllactic acid, phenylacetic acid and 
o-hydroxy-pbenylacetic acid (Table ll). The sleric formula 
for all substances is shown in Tablc IIT. 

The substances were dissolved in 0.1 M Na-Veronal 
(barbital) buffer at pH 8.0. Packed human red blood 
cells were washed three limes in physiological saline and 
0.1 ml was then added to 10 ml of tbe buffcrcd solutions 
of tbe substances mentioned, and to control solutions 
which werc poured inlo quanz cuvcttes. Controls were 
incubated in tbe dark. 

The substances were tested at a concentration of 1 mg 
per I 00 ml when sun-spectrum-like radiation was used, 
wbich, for several of them, is a physiological concentra­
tion. Some potent photosensitizers such as protoporphyrin 
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Table l. Main metabolic pathway for tryptopha11 metabolites 

G) 5 OH -Tryptamine ( Serotonin J
t 

50H -lndoleacetic acid 
© 

® lndolepyruvic acid �0 I d I . .d n o eacetIc acI 
050H -Tryptophan 
(i) t .,,,.. Tryptophan 

-J, � © Tryptamine _. 
® Formylkynurenine 

@ Kynurenic © "' @) acid + Kynurenine ----• Anthranilic acid 
®a. 1·. .d® i @ 30H - l(ynurenine � 30H -Anthranilic acid /' uino 1mc ac1 

�
'°' 

Pic olinic acid� @ h.J, . .d @N. . .J, 'd Xant urenic ac1 1cotm1c ac, 
@ i Ni cotinamide 

and chlorpromarin producc an ;1ppreci:1ble degree of photohemolysis al this concentration. In the second series o[ exp�riments with longwavc ultraviolet light (UVA) 100mg per 100 ml wa, used. Oue 10 1he poor soluhility of,everal of 1he compound, this would mean a saturated solution with an apprcciably Jower concentration. Test ,olution, were exposed 10 an Osram High Pressure Xenon Arc Lamp (XBO 150 W) al a di�tance of 25 cm from thc lamp collector apenure in 1wo different ways. I. The lamp was med "ith a Schotl WG 195 filter.whicb gives a sun-spectrum-like radiation (SS). Expo,urc time: 0.6 x JO" sec. lntensity: 28 m\V cm ". 2. Tbe lamp wa, used wilh a filter combination 1h01con,isted of a Schott WG 295 filter n KG l heal protec­tive filter and a Scholl UG 5 filter 1>iving cxclusivcly long­wave ullruviolet irradialion (UVA) (Fig. I). Expo�urc time: 1.8 x 10• sec. lntensity: 3.4 mW cm-0
• Light doses wcre mensured with a Hewlell-Packard Ra­dianl Flux meter. The irradiated solution5 were centri­fuged at 2 000 rpm and thc optical densil) of th� ,uper­natanl fluid wa, read at 540 nm on a Beckman DB Spectrophotomeler and compared with a total hemoly,is control and with the dark control (14. 15, 24). Result� were expressed in percent relative lo 1hc 100% hemo-1),ed ,oluticn. In order 10 ,1udy the oxygcn dcpendence of the photo­hcmolytic reaction the blocd was dcoxygenated by bubb hng nitrogen through th� ,ample. Kynurenic acid at a concentration of 25 mg per I 00 ml wa, uscd in thi, experiment and irradiated with UVA. The effect of heta-carotene at a concentration of I mg per 100 ml wa, inve,1igated under 1h� same cxperimenl:11 condition, but without nitrogen bubbling. 

RESULTS 

Jn Table 111 the stcric formula, data of the pholo­hemolytic activity and thc absorption peaks in the 
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300--500 nm region are given. The first column, called SS, corresponding to the experiment with the sun-spectrum-like radiation, and a concentra­tion of test substance of I mg per J00 ml, shows that kynurenic acid gives the highest degrce of photohemolysis with 17 % , followed by anthranilic acid with 12 % , 5-hydroxyindoleacelic acid and phenylacetic acid with 7 % , and four other sub­stances with 5 % photohemolysis. The second column, called UVA, correspond­ing to the experiment with Jongwavc ultraviolet radiation, and a concentration of test sub�tance of 100 mg per 100 ml or a saturated solution when the solubility was not high enough. show !hat kynurenic acid gives about 65 % photohemolysis. 3-hydroxykynurenine and 3-hydroxyanthranilicacid I 0 �o, and anthranilic acid 5 % photohemo­lysis. As shown in the third column, all substances giving photohemolysis with UVA, also have an absorption peak between 300 and 400 nrn. The concentration dependence of the kynurenic acid photohemolysis is illustrated in Fig. 2. /\ lincar relation is obtained up to thc maximum le,el when the degree of hemolysis is plotted against the logarithrn of the conccntration of kynurenic acid. Thcre is also in all experimenb a linear relation between exposure and degree of hemolysis up to the optimum ,alue. The oxygen depcndence of the photochemical reaction was �tudied by bubbling nitrogen through the sample to deoxygenatc lhe blood. The cxperi-



Photohemolytic activiry of rryprophan l01 

Table Il. Mai11 metabo/ic pa1l11vay for phe11ylala11i11e metaboli1es i11 pheny/keto1111ria, with the metabolic block 

indicated with a dotred fine 

0 Phenyllactic acid ©Phenylalanine 

©Pheylacetic acid !:-0Phenylpyr�ic l 
� acid -- - --- block in phenylketonuria 

®□H-phenylacetic
® 'd 2 aci Tyrosine 

ment was made with 25 mg per 100 ml of ky­

nurenic acid and irradiation with UV A. The de­

gree of photohemolysis was 55 % in the control 

sample. \\hile only 5 °{, was found in thc deoxy­

genated blood. By adding I mg per I 00 ml of beta­

carotenc lo the same sample without bubbling 

nitrogen the degree of photohemolysis was re­

duced from 55 °o to 18 °i,. 

When the kynurenic acid was irradialcd and 

the erythrocytes added aftcr the exposure, no 

hemolysis was obtained. 

DISCUSSION 

The experimental conditions chosen in this in­

vestigation have been regarded as suitable for 
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Fig. I. Spcctrat irradiance of the Xenon arc lamp cquipped 
witb n Schott WG 295 filter which gives a ,un-spectrum­
like radiation (SS). Exclusively Jongwnve ultraviolet ra­
diation (UVA) is obtained with a filter combination of 
a Schott WG 295 filter, a KG I beat-protccting filter 
and a Schott UG 5 filter. Relative encrgy is given in 
arbitrary units. 

screening pu rpo�es and it may "ell be pos�ible 

10 find photohemolytic activity for some of the 

here inactive compounds under other experi­

mental conditions. However, we find the chosen 

conditions fairly realistic with regard to "hat 

may occur in the human skin under physiological 

ccnditions. although the light doses are high. 

The high photohemolytic activity earlier found 

for kynurenic acid by us (23) has been confirme:I 

in the present study. l he degree of photohemo­

lysis is proportional to the light dose given but 

increases linearly with the logarithm of the con­

centration of the photosensitizer, which is natura! 

as the absorbed amount of ligbt also increases 

with the logarithm of the concentration. 
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Fig. 2. Concentration depcndence of the kynurenic acid 
photohemolysis. The degree of photohemolysis in percenl 
is plotted against the logarithm o( thc conccntration of 
kynurenic acid, and a lincar relation is obtained up 10 

the maximum leve!. Exposure with UVA irradiation 30 
min. 
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Table llI. The steric /ormula for 1ryp1opha11 and phe11y/ala11ine metabolites

The dci:ree of photohcmolysis found is given in pcrccnt for two different wavelcngth rangcs called SS, corrcsponding 10 
sun-spcclrum-like radiation. and UVA, corresponding 10 longwave ultraviolet radiation. The concentration of the test 
substances, was, in the first column (SS), I mg per 10-0 ml, and in the second column (UVA), 100 mg per 100 ml. In the 
last column (A BS) is thc position of absorption maxima in the 300 ro 500 mm range indicatcd 

Substance. 

TRYPTOPHAN METABOLITES 

©Tryptophan 

05 - Hydroxytryptophan 

®5 - Hydroxytryptamine 

0 5 -Hydroxyindoleacetic acid 

®1ndolepyruvic acid 

®rryp1amine 

01ndoleacetic acid 

®Formylkynurenine 

01<ynurenine 

©3 -Hydroxykynurenine 

® xanthurenic acid 

® Kvnurenic acid 

@ Anthranilic acid 

@ 3 - Hydroxyanthranilic acid 

®auinolinic ac1d 

@ Picolinic acid 

®Nicotinic acid 

@Nicotinamide 

® lndolylacrylic acid 

® lndoxyl sulfate 
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% hemolysis 
ss UVA Abs. 

max.
0 0 

0 0 

0 0 

7 0 

0 0 

5 0 

0 0 

5 0 320 

0 0 355 

0 10 370 

0 0 330 

17 65 335 

12 5 310 

0 10 320 

0 0 

0 0 

5 0 

0 0 310 

0 0 

0 0 



Table 111 (Co111.) 

PHENYLALANINE METABOLITES 

0 Phenylalanine 

G)Tyrosine 

@Phenylpyruvic acid 

0 Phenyllactic acid 

0 Phenylacetic acid 

©Hydroxyphenylacet1c acid 

H, �H, 
Oc-c-cooH 

H 

H NM7 -0 2 I 
HO c-c-cooH

H 0H 0 21 
C-C-COOH 

I 

OH 

o��COOH 

It seems as if the photohemolytic acti\ ity of 

protoporphyrin is dependent on thc presence of 

oxygen (11, 19. 20, 21 ). In the present study we 

rind that kynurenic acid shows a very low photo­

hemolytic activity in deoxygenated blood and that 

the activity in oxygenated hlood is inhibited ap­

preciably by beta-carotenc. The lattcr fact al�o 

indicates that thc photohemolytic activity of ky­

nurenic acid is mediated by activated oxygen. 

The possibility that by exposing kynurenic acid 

lo UV light a stable photohemolytic substancc 

is formed is ruled out hy adding the erythrocytes 

af ter the UV exposu re, in which case no hemo­

lysi� is obtained. Il is thus mosl likcly that with 

kynurenic acid a true photochemical reaction that 

is mediated by oxygen is injurious to the erythro­

cyte membrane. 

ln the last column of Table 11 [ the position of 

absorption maxima in the 300 to 500 nm range 

is indicated. We regarded absorption maxima out­

side or this rangc as being of less importance in 

photoderrnatologic problems. As seen in the pe­

nultimate column thcre is no substance that gives 

photohemolysis with UVA radiation that docs not 

have an absorption maximum in this range. There 

are, howevcr, some substances that absorb in lhis 

range but lack photohemolytic activity with UV A 

radiation. 

The dcgree or photohemolysis found for some of 

the other metabolites is so low that it is probably 

of no importance with regard to photodermatology. 

With regard lo photohemolytic effect, the phe-
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0/ohemolysis 

ss UVA 
Abs max 

0 0 

0 0 

5 0 

0 0 

7 0 

0 0 

nylalanine metabolites investigated seem to be of 

very minor irnporlance. They were chosen in con­

sideration of the metabolic block in phenylketo­

n uria. 

Many authors have studied the photo-oxidation 

of tryptophan and the major mechanisms operat­

ing seem to be worked out (8, 9, 17, 18, 27). 

Upon thc irradiation of tryplophan, several 

products have becn idcntified, and the major re­

action products scem lo be formylkynurenine, 

h)droxykynurenine, and kynurenine but many

other substances have also been found (I, 2, 6, 12).

Furthermore, it is interesting that excitation of 

lryptophan and 5-hydroxy-tryptophan at wave­

length� longer than 290 and 310 nm respectively, 

leads to a sensitizcd splitting of pyrimidine dimers 

induced in DNA by ultraviolet radiation (I 0). 

The ability of some of the tryptophan metabo­

lites to initiate photochemical reactions in a bio­

logical system, here recordcd as photohemolysis. 

may be of importance in diseases where tryplo­

phan metabolites are accumulated in the tissues. 

An investigation of the effect of bcta-carotene 

on the photosen�itivity in such diseases would be 

of interest. Photochemical reactions may also 

transfer endogenous proteins to allergens and 

contribute to autoimmunity as in lupus erythema­

tosus, polymorphous light eruptions and actinic 

reticuloid. At least in polymorphous light erup­
tions (22), but probably also for lupus erythemato­

sus treatment with beta-carotene has a beneficial 

effect (25). 
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