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ABSTRACT 

It has been proposed that photodegradation of folates may 
be the reason for the pigmentation of races living under high 
fluence rates of ultraviolet radiation. The photodegradation of 
folic acid (FA) induced by ultraviolet-A (W-A) radiation, in 
solution and in the presence of human serum albumin (HSA), 
was studied with absorption and fluorescence spectroscopy. 
FA photodegradation, with formation of p-aminobenzoyl-L- 
glutamic acid, 6-formylpterin and pterin-6-carboxylic acid, 
was found to follow an exponential trend. A scheme of 
FA photodegradation, which involves photosensitization of FA 
degradation by its photoproducts, was proposed. The rate of 
FA photodegradation decreased drastically in the presence of 
HSA, whereas the spectral characteristics of the photo- 
products remained constant. The reduction of the FA photo- 
degradation rate by HSA was accompanied by degradation of 
tryptophan in HSA. Tryptophan, when added to solutions of 
FA, had a similar effect as HSA. In solutions of FA and HSA 
the FA photoproducts cause photodamage mainly to HSA 
rather than to FA itself. The oxygen dependence of FA photo- 
degradation and the inhibition of this process by sodium azide 
indicate that singlet oxygen may participate in the photo- 
sensitizing activity of FA photoproducts. 

INTRODUCTION 
Folates are composed of a pterin moiety attached to p-amino- 
benzoic acid conjugated with one or more molecules of L-glutamic 
acid. Folic acid (FA) is a synthetic form of folate, and is the 
oxidized and most stable form of the folates (Fig. 1). In vivo folates 
exist mainly in reduced forms, for instance as tetrahydrofolate, 
dihydrofolate and 5-methyltetrahydrofolate. In particular, reduced 
tetrahydrofolate acts as a cofactor for enzymes in one-carbon 
transfer reactions. Folate-dependent enzymes are involved in bio- 
synthesis of purine and pyrimidine nucleotides, and also in the 
metabolism of the amino acids methionine, histidine, serine and 
glycine (1). Thus, folates are essential for cell division and growth. 
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Folates are water-soluble B vitamins. Mammals do not synthe- 
size folates and therefore have to get them from food. After intake, 
folates are rapidly absorbed and transported in blood plasma and in 
erythrocytes. Organs such as the liver and kidneys store most of the 
total body folate. The mean serum and erythrocyte concentrations 
of folates are 7.2 and 196 ng mL-', respectively, as measured in the 
U.S. population around 1990 (2). The levels are probably higher 
now, because food is frequently fortified with folic acid. The main 
form of folate in human plasma is 5-methyltetrahydrofolate (3,4). It 
is known (see 1), that 3 0 4 0 %  of plasma folates are associated with 
low-affinity binding proteins, primarily with albumin (Kd - 1 mM). 
Plasma also contains a high-affinity folate binding protein 6 - 1 nM). 
Erythrocyte folates are largely 5-methyltetrahydrofolate and formyl- 
tetrahydrofolate. These folates bind with low affinity to specific 
deoxyhemoglobin sites (5) .  

Folate deficiency or impairment of the folate metabolism leads 
to megaloblastic anemia (6), pregnancy complications (7) and neu- 
ral tube defects (8). Deficiency may also increase the risk of devel- 
oping cardiovascular diseases (9) and cancer (10). 

It has been proposed that folate deficiency may result from 
intense solar exposure, and that sun-induced folate degradation 
may play a key role in the evolution of human skin color (1 1,12). 
Folates are sensitive to W radiation. This might give an advantage 
to those with dark skin pigmentation. Fair-skinned patients under- 
going photochemical therapy for dermatological conditions have 
lower serum folate levels than healthy individuals (1 1). However, 
Gambichler et al. (13) further investigated the influence of ultra- 
violet-A ( W - A )  radiation on serum folate in vivo. No significant 
differences in the folate level was found in UV-A exposed and 
nonexposed persons. Therefore, no definite conclusion about the 
biological significance of folate photodegradation in vivo can be 
drawn yet. 

As a first step in the elucidation of this problem we have carried 
out an investigation of the photophysics and photochemistry of 
folates in simple model systems. Lowry et al. (14) have shown that 
the main products of FA lysis after UV-A irradiation are p -  
aminobenzoyl-L-glutic acid (PGA), 6-formylptenn (FPT) and 
pterin-6-carboxylic acid (PCA). The rate of FA photodegradation, 
and the chemical nature of the photoproducts are strongly affected 
by the pH of the solution and the presence of oxygen (15-19). No 
data have been published about the photophysics and photochem- 
istry of folates in the presence of proteins. Thus, the aim of the 
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Figure 1. The molecular structure of folic acid. 

present investigation was to study the effect of human serum 
albumin (HSA), the dominant protein in blood plasma, on FA 
photodegradation in solution. 

MATERIALS AND METHODS 
Chemicals. FA, HSA, L-tryptophan, sodium azide, L-glucose and glucose 
oxidase were purchased from Sigma-Aldrich and used as received. The 
samples were dissolved and diluted in Dulbecco's phosphate-buffered 
saline (PBS, pH 7.4). 

Radiation procedure. The solutions were exposed to UV-A radiation in 
quartz cuvettes with 4 mm optical path lengths. Before irradiation they were 
air-equilibrated and the cuvettes were closed to prevent evaporation. The 
temperature of the samples during the irradiation was 25 & 2°C. Heating 
of samples was prevented by forced air-cooling. Control measurements of 
sample temperatures during the exposure showed that the temperature did 
not increase by more than 2°C. The source of UV-A radiation was a Phillips 
TL 20 W/09 lamp (with a peak at 365 nm). The fluence rate at the sample 
position was 12 w m-'. 

Preparation of oxygen-depleted solutions. Oxygen was removed from 
the FA solutions using an enzymatic glucose-glucose oxidase system. 
Glucose oxidase (10 pg mL-') and glucose (1  mM) were added 30 min 
before irradiation, and the cuvettes were hermetically sealed immediately 
after the addition. Amperometric measurements of oxygen concentration in 
the cuvettes with Clark electrodes have shown that less than 5 @4 of oxy- 
gen was present in the solution under the these conditions. 

Evaluation of FA binding to HSA. The percentage of FA bound to HSA 
was determined using the equilibrium dialysis method. The 15 @4 HSA 
solution was extensively dialyzed for 3 days against a 10 pA4 FA solution 
in PBS. A membrane with a molecular mass cutoff at 6000-8000 Da was 
used. The amount of FA bound to HSA was determined from the difference 
of FA concentrations inside and outside the dialysis bags. 

W l V i s  absorption and juorescence measurements. Absorption spectra 
were registered on a Perkin-Elmer Lambda40 UV/Vis spectrometer. Fluo- 
rescence emission and excitation spectra were recorded by means of a 
Perkin-Elmer LS50B luminescence spectrometer equipped with a Hama- 
matsu R-928 photomultiplier (Japan), or a SFL 222 spectrofluorometer 
(SOLAR, Minsk, Belarus). All measurements were performed in standard 
10 mm quartz cuvettes. All experiments were repeated at least three times, 
and data from one of these independent experiments are shown. 

All experimental work was carried out in dim light, in order to avoid 
external and uncontrolled light exposure. 

RESULTS AND DISCUSSION 
Photodegradation of FA in solution 

Absorption spectra of FA solutions after 0 ,28 and 48 min of UV-A 
exposure are shown in Fig. 2a. A comparison of these spectra with 
those of individual pterins (FIT and PCA) and PGA shows that 
the band at 350 nm is because of the pterin moiety, whereas in 
the region around 280 nm both pterin and PGA absorb (17). The 
identity chromophore giving the weak shoulder at 300 nm, where 
UV-A exposure causes the largest change (Fig. 2b), is unknown. 
Exposure to UV-A causes absorbance changes at both of the major 
bands. These changes are neither linearly dependent on the fluence 
nor are they unidirectional. After 28 min of exposure the peak at 
350 nm is shifted toward longer wavelengths with a small increase 
of absorbance. After 48 rnin of exposure, however, this peak is 
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Figure 2. (a) Absorption spectrum of 10 pA4 FA in PBS (1) and the 
changes occurring after UV-A exposure for 28 min (2) and 48 min (3). 
(b) Difference absorption spectra, obtained by subtracting the spectrum of 
FA solution from the spectra of solutions after UV-A exposure for 28 min 
(1) and 48 min (2). 

shifted back to shorter wavelengths. Differential spectra (Fig. 2b) 
indicate that first a photoproduct with an absorption peak at about 
370 nm is formed. Then this product is converted to a photoproduct 
with an absorption peak around 340 nm. Changes in the absorption 
spectra at shorter wavelengths also occur and seem to be nonlinear. 
The absorbance at 280 nm decreases, the peak shifts to shorter 
wavelengths and the shoulder at 300 nm almost disappears. 

Similar changes in the absorption spectra of FA solutions under 
UV-A exposure were described in our previous work were we 
discussed the nature of the photoproducts (17). Based on this and 
data from the literature (1 5,16,18-20) we tentatively concluded 
that, under the present conditions, FA first undergoes cleavage at 
the C9-N'0 bond with formation of PGA and FPT. Further irra- 
diation leads to photo-oxidation of the 6-formyl group at FPT, and 
thus formation of PCA. 

Figure 3 shows the kinetics as measured at 280 nm (all the 
participating compounds absorb light in this region), at 370 nm 
(characteristic for FPT) and at 340 nm (characteristic for PCA). 
The changes at 300 nm are also shown. The increase at 370 nm 
indicates that accumulation of FPT continues until 28 min of UV-A 
exposure. Further irradiation decreases the content of FPT in the 
sample. This decrease is presumably related to an almost complete 
degradation of FA at this time. The curve for 340 nm shows that 
at this time the rate of accumulation of PCA also decreases. The 
absorbance at 280 nm decreases during the whole UV-A exposure 
(Fig. 3). When most of the FA is degraded (>28 min of irra- 
diation), a faster decrease of the absorbance at 280 nm begins, 
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Figure 3. A Absorbance at 280 nm (l), 300 nm (2), 340 nm (3) and 370 
nm (4) and fluorescence intensity at 450 nm under excitation at 350 nm ( 5 )  
of a 10 pA4 FA solution in PBS as a function of exposure time and UV-A 
dose. An exponential line obtained for curve 5 in the time interval 6-26 min 
is shown as a bold line. 
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presumably as a result of photodegradation of the compounds 
formed. Suirez et al. (20) have shown that upon UV-A exposure 
PCA undergoes degradation through photodecarboxylation and/or 
photo-oxidation with partial loss of aromaticity. These processes 
are linearly dependent on exposure and lead to a significant de- 
crease of the absorbance at 280 nm. 

A quantitative analysis of decay curves is hard to cany out 
because of simultaneous occurrence of several photochemical 
processes and overlapping absorption spectra of the involved 
compounds. However, all kinetic curves show a phase of sharp 
accelerating changes of absorbance with increasing exposure time 
in the first region where the majority of FA molecules are 
degraded. This acceleration is clearly seen in the fluorescence 
curve of irradiated FA solutions, and is because of formation of 
fluorescent photoproducts (Fig. 3, curve 5). It is known that, be- 
cause of intramolecular quenching, FA has an extremely small 
quantum yield of fluorescence, approximately 0.005 (2 1). Pterins, 
formed after cleavage of the C9-N'0 bond in the FA molecule, 
have a marked fluorescence in the 445 nm region when excited at 
350 nm. The quantum yield of fluorescence of FPT is nearly 0.1 
and that of PCA is about 0.2 (22), so the growth of fluorescence in 
the region of 445 nm is because of the formation of FPT as a result 
of the C9-N'0 bond cleavage and then because of the photoinduced 
conversion of FPT to PCA. From the kinetic curves (Fig. 3) it is 
evident that cleavage of the C9-N'0 bond also leads to a dis- 
appearance of the shoulder at 300 nm. 

The kinetic curves indicate that FA photoproducts induce the 
degradation of FA itself (Fig. 3). In our earlier work we have shown 
that both FPT and PCA (and not PGA) may act as sensitizers in the 
photodegradation of FA (17). In agreement with this we propose 
that the UV-A induced FA degradation follows Scheme 1. 

Photodegradation of FA in the presence of HSA 

The photodegradation of FA is strongly dependent on the presence 
of HSA. Even a low concentration of HSA (3.5 ClM) leads to an 
increase of the half-time of FA photodegradation by a factor of 

Scheme 1. A proposed scheme of FA photodegradation, 
including absorption spectra of the FA photoproducts. 
Photolysis of FPT and PCA produces a product X that 
seems to degrade FA. In the presence of tryptophan or HSA, 
there is a competition between FA degradation and deg- 
radation of the indole ring in tryptophan (Try) or amino acid 
residues in HSA, including tryptophanyles. Product X may 
be either an excited form of pterin or an active oxygen 
species. 

about two. At an HSA concentration 28 the half-time of FA 
photodegradation increased by a factor of about five. However, the 
characteristic features of the kinetics of FA photodegradation are 
preserved: a phase of fluorescence growth followed by a phase of 
photodegradation of products. However, the former phase occurs 
later and its slope gets smaller when HSA is added (Fig. 4). 

The fluorescence curves shown in Fig. 4 may indicate either that 
HSA prevents the formation of photosensitizing products or re- 
duces their ability to sensitize the degradation of FA (see Scheme 
1). It is unlikely that binding of FA or its photoproducts to HSA 
should influence the effects of HSA on FA degradation. Using 
equilibrium dialysis methods we have found that for the conditions 
used in our experiments (an HSA concentration of 15 pkf and an 
FA concentration of 10 pM) less than 15% of the FA molecules 
are bound to HSA. As can be seen from the fluorescence spectra of 
the irradiated solutions (Fig. 5) ,  the presence of proteins does not 
affect the shape of the fluorescence spectra of the photoproducts. 
In the presence of HSA the small broadening of the spectra 
and the small blueshift are most likely caused by the forma- 
tion of the products of photodegradation of tryptophan residues 
in albumin. One of the major products of photo-oxidation of 
tryptophan, N-formylkynurenine, has a weak fluorescence around 
440 nm (23). 

In the 10 pM FA solution with 15 pM HSA, the optical density 
in the 280 nm region is high because of absorption by aromatic 
amino acids residues in HSA (Fig. 6a, curve 1). The absorption 
spectrum is the sum of the spectrum of FA and that of HSA (data 
not shown). UV-A exposure for 30 min causes only insignificant 
changes of the absorption spectrum (Fig. 6) .  As seen from the dif- 
ferential spectrum (Fig. 6b) UV-A exposure causes practically no 
formation of FPT or PCA. Only an insignificant decrease of the 
absorbance around 300 nm and some decrease of the absorption at 
280 nm are observed. A comparison of the differential spectra of 
FA without HSA (Fig. 2b) and that with HSA (Fig. 6b) shows that 
the decrease of the absorption of FA around 280 nm caused by UV- 
A exposure in the presence of HSA is not because of photo- 
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Figure 4. Fluorescence intensity at 445 nm (hexc = 350 nm) of 10 ph4 FA 
solutions in PBS (1) and PBS containing 3.5 pkf (2), 28 ph4 (3) or 77 ph4 
(4) HSA as a function of exposure time and UV-A dose. 

degradation of FA, but rather because of photodegradation of the 
indole ring of tryptophan residues in HSA. 

Additional evidence for the destruction of the indole comes from 
our experiments with UV-A exposure of FA solutions in the 
presence of tryptophan. Tryptophan (10 pVf) has a similar pro- 
tective effect as HSA on the photodegradation of FA (Fig. 6). The 
tryptophan absorbance at 280 nm markedly decreases upon UV-A 
exposure. Because tryptophan itself does not absorb UV-A radi- 
ation, this shows that FA photoproducts sensitize the photo- 
degradation of the indole ring of tryptophan. 

When FA solutions containing HSA or tryptophan are UV-A 
irradiated, two processes seem to occur: proteins and/or amino 
acids protect FA from photodegradation, and photodegradation of 
the indole ring of tryptophan residues in the protein and tryptophan 
in solution occurs. To elucidate the connection between these two 
processes we studied UV-A-induced changes of the fluorescence 
emission spectra of 10 pA4 FA solutions with and without 15 fl 
HSA or 25 @I tryptophan (Fig. 7). For FA solutions, the UV-A- 

300 

250 
-. 
i 200 4 

i 

150 

8 
a 100 

t 50 

0 

380 420 460 5W 540 380 420 460 500 540 

Wavdmgtb [mm] Wwdength [am) 

Figure 5. (a) Fluorescence emission spectra (h,,, = 350 nm) of 10 phf FA 
in PBS (1) and changes observed after UV-A exposure for 15 min (2), 
30 rnin (3) and 45 min (4). (b) Fluorescence emission spectrum (h,,, = 
350 nm) of 10 p.M FA in PBS containing 28 ph4 HSA (1) and its changes 
after UV-A exposure for 60 rnin (2), 120 rnin (3) and 180 min (4). 
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Figure 6. (a) Absorption spectra of 10 ph4 FA in PBS containing 15 ph4 
HSA (1) or 10 pkf tryptophan (3) and their changes after UV-A exposure 
for 30 rnin (2 and 4 correspondingly). (b) Difference absorption spectra, 
obtained by subtracting the spectra of FA solutions in PBS containing 
15 phf HSA or 10 pkf tryptophan from the spectra of solutions after 
UV-A exposure for 30 min (1 and 2 correspondingly). 

induced changes of the FA fluorescence in the region of 450 nm 
(he,, = 280 nm) were similar to those for A,,, = 350 nm. In both 
cases, the fluorescence intensity reached approximately 45% of the 
maximal value after 24 rnin of UV-A exposure, and the maximum 
value was observed after 36 min of irradiation (Figs. 3 and 7a). The 
shape of the spectrum in this region was preserved. As shown 
earlier (17), the fluorescence of UV-A-exposed FA solutions in the 
region of 360 nm is because of PGA. UV-A-induced growth of 
this fluorescence reached a maximum after 24 min of irradiation. 
This corresponds to the findings reported above, and confirms that 
most of the FA molecules are photodegraded by this time. 

A peak at 357 nm, which is characteristic for tryptophan, was 
observed in the fluorescence spectrum of nonirradiated FA solution 
containing 25 pkf tryptophan (Fig. 7b). Upon UV-A exposure, the 
fluorescence of the solution in this region decreased considerably 
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Figure 7. (a) Fluorescence emission spectrum (h,,, = 280 nm) of 10 ph4 
FA in PBS (1) and its changes after UV-A exposure for 24 min (2) and 
36 min (3). (b) Fluorescence emission spectrum (h,,, = 280 nm) of 10 pA4 
FA in PBS containing 25 ph4 tryptophan (1) and its changes after 
UV-A exposure for 30 rnin (2) and 60 min (3). (c) Fluorescence emission 
spectrum (he,, = 280 nm) of 10 pA4 FA in PBS containing 15 p.M HSA 
( 1 )  and its changes after UV-A exposure for 30 min (2) and 60 min (3). 



Photochemistry and Photobiology, 2006, 82 821 

Dose of W A  [kJ/mzl 
0 15 30 45 60 75 

200 7) 

d 
L 

125 

100 

75 

50 

25 

0 
0 15 30 45 60 75 90 105 

Time of exposure [min] 
Figure 8. Fluorescence intensity at 445 nm (h,,, = 350 nm) of oxygen- 
depleted 10 p l4  FA in PBS (1) and 10 pA4 FA in PBS containing 1 mM 
sodium aide (2) as a function of exposure time and UV-A dose. The 
diamond mark indicates the fluorescence intensity of an oxygen-depleted 
and UV-A-exposed (105 min) FA solution (10 pM) in PBS after air 
equilibration. The dashed line corresponds to curve 1 in Fig. 4. 

(by 25% and 57% after 30 and 60 min of irradiation, corre- 
spondingly). Control experiments showed that FA photoproducts 
do not quench tryptophan fluorescence, so the observed intensity 
decrease was because of photodegradation of the indole chromo- 
phore. The assumption that FA photoproducts act as sensitizers 
agrees with the acceleration of the tryptophan degradation with 
increasing exposure time, and the corresponding increase of the 
concentration of FA photoproducts in the solution (Fig. 7b). 

As estimated from the characteristic fluorescence of pterins in 
the region of 445 nm, the rate of photodegradation of FA itself 
markedly decreases in the presence of tryptophan. A comparison 
of the data shown in Fig. 7a and b indicates that only about 10% 
of FA molecules in a solution with tryptophan are photodegraded 
after an exposure degrading all FA in the absence of tryptophan. 
Thus, tryptophan and FA seem to be photosensitized by FA photo- 
products in a competitive manner (see insert on Scheme 1). If this 
is so, FA photoproducts sensitize mainly the photodegradation 
of tryptophan. This photodegradation is clearly seen by the drastic 
decrease of fluorescence in the region of 350 nm, even though one 
of the FA photoproducts-PGA-has marked fluorescence in this 
region when excited at 280 nm (Fig. 7b). 

There may be, as suggested for tryptophan, a competition be- 
tween FA and amino acid residues of HSA (see Scheme 1). This 
may be the reason for the rapid decrease of the rate of FA pho- 
todegradation in the presence of the protein. After 60 min of irra- 
diation in the presence of HSA, less than 5% of FA is degraded 
(Fig. 7c). The fluorescence of HSA (tryptophanyles mainly) de- 
creases only slightly after such an exposure. FA photoproducts are 
formed, and, photosensitized by them, degradation of HSA takes 
place after 90 min of irradiation (data not shown). A comparison of 
the ratios of the changes of the fluorescence intensity of indole and 
those of the FA photoproducts upon irradiation of mixtures of FA 

and HSA or tryptophan, shows that tryptophanyles in the HSA are 
more stable than tryptophan in solution. We believe that this is 
related to the "shielding" effect of other amino acid residues in 
HSA. These may, as tryptophan, participate in processes photo- 
sensitized by FA photoproducts. Thus, tryptophanyles in HSA may 
cause only part of the suppression of FA photodegradation. 

It is known that pterins may generate singlet oxygen upon UV-A 
exposure. Thomas et al. (22) have shown that the quantum yields 
of singlet oxygen production by FFT and PCA in the acid form in 
air-equilibrated D20 solutions are 0.45 and 0.27, respectively, and 
slightly higher for the base form. The quantum yield of singlet 
oxygen generation by intact FA is very low (less than 0.002), 
because of the above-mentioned intramolecular quenching. On the 
other hand, both indole and FA are good quenchers of singlet 
oxygen. Stem-Volmer rate constants of singlet oxygen quenching 
by FA and tryptophan in solution are similar, about 3.0 X lo7 
K ' s - '  (22) and 3.2 X lo7 Kkl  (24), respectively. The rate 
constant of singlet oxygen quenching by albumin (chemical plus 
physical quenching) is 2 X lo8 K'S-' (25). Because each HSA 
molecule contains only one tryptophan residue, it is likely that 
tryptophan residues contribute only partially for the singlet oxygen 
quenching by HSA. 

To check the participation of singlet oxygen in FA photo- 
degradation under the study conditions we investigated the 
oxygen dependence of this process. Removal of oxygen from 
the FA solutions before irradiation (see Materials and Methods, 
Preparation of oxygen-depleted solutions) results in a large de- 
crease of the photodegradation rate (Fig. 8, curve I). Control 
experiments showed that when glucose and glucose-oxidase 
were added separately the FA photodegradation rate remained 
unchanged. Injection of oxygen in oxygen-depleted FA solu- 
tions immediately after irradiation resulted in only a small in- 
crease of the fluorescence intensity of the FA photoproducts. 
This means that oxygen participates in the photodegradation of 
FA. Our experiments with sodium azide, a strong singlet oxygen 
quencher (26), are in agreement with the assumption that singlet 
oxygen may play a major role. As seen from Fig. 8, azide 
suppresses the photodegradation of FA. Thus, the rate of FA 
photodegradation decreases by about a factor of two in the 
presence of azide. This is typical for blocking of singlet oxygen 
dependent processes in aqueous solutions by azide at millimolar 
concentrations (26). 

Under physiological conditions the concentration of proteins is 
much higher than that of folate. The folate degradation by UV-A is 
then probably slow and the photoproducts of folates will mainly 
cause protein damage. Our findings may explain why Gamblicher 
et al. did not find any folate degradation in persons exposed to UV 
(13). Nevertheless, it is not possible to draw a final conclusion on 
whether folate is degraded in humans by UV radiation. Further 
investigations are needed to estimate the physiological role of 
folate degradation caused by exposure to UV or solar radiation. 

CONCLUSIONS 
FA in aqueous solutions is degraded by UV-A, and the degradation 
follows exponential kinetics. FA photoproducts, in particular 
pterins, contribute substantially to the photosensitized degradation 
of FA. FA photodegradation is slower in the presence of HSA than 
in its absence. This is because of competition between HSA and 
FA products formed from photosensitization of FA photoproducts. 
The oxygen dependence of the photodegradation and the inhibition 
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by sodium azide show that singlet oxygen may participate in these 
photosensitized reactions. 
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