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SUMMARY 

P-Dimethylaminobenzoate, p-aminobenzoate, and ethyl-p- 
dimethylaminobenzoate react with singlet molecular oxygen, 
photochemically generated with hematoporphyrin as a sensitizer, 
to yield spectrally distinguishable products. The reaction is 
potentiated by D20 and is competitively inhibited by methionine. 
p-Aminobenzoic acid and its derivatives are often used topically 
to prevent actinic damage to skin. They are thought to act 
solely as physical screens to absorb UV light. Their reactivity 
toward singlet oxygen, however, may also play an important role in 
the protective effect. 

The prevention of ultraviolet (UV) light-mediated skin dam- 

age is a topic of considerable clinical importance. With an 

incidence of 300,000 new cases per year, cancer of the skin occurs 

with a greater frequency than cancer of any other organ (i). 

The great preponderance of these cases are mediated by UV light 

in the 290-320 nm region of the solar spectrum. 

PABA and its derivatives, when topically applied, have been 

shown to afford considerable protection against UV-induced damage 

(2-7). Heretofore these compounds have been thought to act as 

"sunscreens" (8); i.e. the compounds are supposed to exert 

their photoprotective effect solely by absorbing the appropriate 

photons of UV light and thus prevent the action of the light on 

cutaneous cells. Since the mechanism of UV-mediated damage to 

Abbreviations: NBT = nitroblue tetrazolium; HP = hematoporphyrin; 
PABA = p-aminobenzoate; dimethylPABA = p-dimethylaminobenzoate; 
DMSO = dimethylsulfoxide. 
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unknown and since singlet oxygen (102 ) has been shown to skin is 

be the mediator of many photosensitized oxidations (9) we felt 

it worthwhile to determine if PABA and its derivatives react with 

102 and to exclude some of the other reactive oxygen species by 

studying the effects of various inhibitors and activators. 

btATERIALS AND METHODS 

Chemicals were purchased from the following suppliers as 
indicated: deuterium oxide (Bio-Rad Laboratories); DL-methionine 
sulfoxide, DL-methionine sulfone, NBT, and HP (Sigma Chemical 
Co.); potassium superoxide (Research Organic Inorganic Chemical 
Co.); PABA and ethyl p-dimethylaminobenzoate (Aldrich Chemical 
Co.); dimethylPABA (Eastman Kodak Co.); DL-methionine (Mann 
Research Laboratories ); dicyclohexyl-18-crown-6 ether (Tridom- 
Fluka Chemical Co.); DMSO (J.T. Baker Chemical Co.). 

Photooxidation was performed in an apparatus containing two 
15-watt Sylvania 15TS-BL black light fluorescent bulbs which emit 
maximally at 375 nm (i0). The apparatus was designed to protect 
personnel from exposure to ultraviolet radiation in order to 
avoid possible ocular cataract formation. Light intensity was 
determined with a Blak-Ray long wave UV meter (Ultraviolet 
Products Inc.)'. A typical reaction mixture contained 8 ~M HP, 10 
mM potassium phosphate, pD 7.5, 40 ~M PABA or PABA derivative. 
Unless otherwise indicated, all solutions were prepared with 
99.8% D20. All photooxidations were carried out in quartz 
cuvettes. The KO 2 was prepared as a saturated solution in DMSO 
containing 0.5% dicyclohexyl-18-crown-6 ether (ii). The DMSO was 
previously dried with molecular sieves 3A. The concentration of 
O 5 was assayed by sequential 5 ~i additions of KO 2 solution to a 
071 ~M solution of NBT in i0 ~M potassium phosphate, pD 7.5, 
prepared with 99.8% D20. The extinction coefficient at 560 nm 
for the reduction of NBT to diformazan was taken to be 3 x 103 
M -I cm -I (12,13). 

RESULTS AND DISCUSSION 

We have chosen to generate singlet oxygen with UV light 

longer than 340 nm, using HP as a photosensitizer (14-16): 

1117 



Vol. 87, No. 4, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

h~ 
HP >HP 1 

HP 1 ) HP 3 

HP 3 + 302 >HP + 102 

Ground state HP is excited by the absorption of a photon and 

is transformed into a relatively shortlived HP singlet (HpI). 

HP 1 undergoes spin inversion to a relatively longlived HP trip- 

let (Hp3). HP 3 is then quenched by ground state triplet 

molecular oxygen. This energy transfer reaction results in the 

formation of singlet molecular oxygen (102 ) and ground state HP. 

Control experiments have shown that UV light alone (in the 

absence of HP) does not cause significant changes in the absorp- 

tion spectra of PABA and its derivatives. 

HP-catalyzed photooxidation of dimethylPABA in D20. 

DimethylPABA was studied in greatest detail as the changes 

in its absorption spectrum were the most dramatic as compared 

with PABA and ethyl-p-dimethylaminobenzoate. Fig. 1 shows that 

the absorption spectrum of dimethylPABA in a singlet oxygen- 

generating system (HP-D20) changes steadily with increasing 

length of irradiation, indicating a HP-catalyzed photoreaction 

of dimethylPABA. Under these conditions no significant changes 

in HP were detected from 230 nm to 340~nm. The loss of dimethyl- 

PABA as indicated by the decrease in absorbance at 290 nm is 

accompanied by the appearance of the product(s) with an absorp- 

tion maximum near 245 nm. Upon prolonged irradiation after 28 

minutes, when most of the starting material has been transformed, 

a further decrease at 290 nm is no longer compensated by an 

increase at 245 nm, suggesting that the product(s) may also be 

destroyed by singlet oxygen. 
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Fig. i. Time course of photooxidation of p-dimethylaminobenzoate. 
The reaction mixture and photooxidation procedure are as described 
under Materials and Methods. The absorbance of the solution 
indicated for varying time intervals was measured in a Cary 14 
spectrophotometer against a reference cell containing all components 
except p-dimethylaminobenzoate. 

Singlet oxygen as the mediator in the photo oxidation of PABA and 

its derivatives. 

The results in Table I support the hypothesis that singlet 

oxygen is the mediator in the photochemical conversion of PABA 

and its derivatives. Singlet oxygen has a mean lifetime of 20 

Bs in D20 as compared to 2 Bs in H20 (17-19). As can be seen in 

Table I, the reaction carried out in D20 shows a 4 to 9-fold 

potentiation over that in H20. The effect of additions of 

methionine, a well known scavenger of singlet oxygen was also 
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Table I. Effects of singlet oxygen reactive compounds on the 

hematoporphyrin-catalyzed photooxidation of dimethylPABA, PABA 

and ethyl-p-dimethylaminobenzoate. 

Addition DimethylPABA PABA Ethyl-p- 
dimethylamino- 
benzoate 

(~ z~,29 o) (~ z~28 o) (~ A,,,3z s) 

None (i00) (i00) (100) 

H2Oinplace of D20 25 14 ii 

Methionine, 2.5 r~4 53 14 9 

Methionine, 0.5 r~4 92 63 45 

The experimental conditions are described under Materials and 
Methods. Change in absorbanc9 is expressed as percentage of 
control. Duration of irradiation for dimethylPABA is 5 min; PABA, 
30 min; ethyl-p-dimethylaminobenzoate, 70 min. The initial 
concentrations of PABA and its derivatives are 40 ~M. The de- 
creases in absorbance in the control experiments without additions 
are 0.27, 0.14 and 0.19 for dimethylPABA, PABA, and ethyl- 
dimethylaminobenzoate respectively. These values are designated 
as 100%. 

tested. Methionine reacts with single oxygen with a rate con- 

stant of 3 x 10 7 M -I s -I (20). Table I shows that methionine 

can effectively inhibit the HP-catalyzed photooxidation of PABA 

and its derivatives. These data indicate not only that singlet 

oxygen is a mediator in the reaction, but also that PABA and its 

derivatives are very reactive with singlet oxygen (e.g. when 

methionine is used as an inhibito~ of PABA oxidation, over 12 

times the concentration ratio is needed to bring about 37% 

inhibition). When the methionine containing reaction mixture was 

analyzed on the amino acid analyzer, methionine sulfoxide was 

identified as a major photooxidation product similar to that 

observed by Sysak et al. (21). 
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Table II. Effects of various compounds on the photooxidation of 

p-dimethylaminobenzoate. 

Experiment Addition % ~90 

I. None (i00) 

2. H202, 2.5 r~M 90 

3. Mannitol, 2.5 mM 92 

4. Formate, 2.5 mM 90 

5. Benzoate, 2.5 aIM 90 

6. Isopropanol, 100 mM 97 

7. EDTA, 0.i ~M 108 

Photooxidation was performed as described under Materials 
and Methods. Change in absorbance is expressed as percentage of 
control. The duration of irradiation was 5 min. The ~A290 for 
the control cuvettes ranged from 0.19 to 0.27. Appropriate 
control experiments were used to negate the possible contribution 
of the added compounds (or their oxidation products) to the 
optical density. Experimental and control cuvettes were run 
concomitantly. 

Exclusion . . . . . . . . . . . . . . . . . . .  of OH', 0~, H202, and metal ion complexes as mediators 

in the photooxidation. 

It has been well documented that various reactive oxygen 

species are interconvertible (16). Moreover, in addition to 

singlet oxygen, methionine can be oxidized by other oxidants 

such as OH" and peroxide. We have attempted to exclude the 

involvement of some of these species in this system. 

The hydroxyl radical reacts very rapidly with mannitol, 

benzoate or formate, which are often used as inhibitors to 

detect involvement of OH" (22). Table II shows that additions of 

any of these scavengers at a concentration over 40 times that of 

dimethylPABA caused only a slight inhibition in the photo- 

oxidation of the PABA derivative. Another OH" scavenger, 
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isopropanol, also did not show any significant effect. Experiment 

2 shows that 2.5 mM H202 did not potentiate the photooxidation. 

Addition of a metal ion chelator, EDTA, in Experiment 7 was also 

without inhibitory effect. 

Exclusion of O 5 as an initiator of the reaction was carried 

out by direct addition of a KO 2 solution to a similar reaction 

mixture without irradiation. 200 ~i of the KO 2 (in crown ether- 

DMSO) solution was slowly added to 1.0 ml of a 48 ~M solution of 

dimethylPABA in D20 buffer (with magnetic stirring). The final 

concentration of O 5 added was estimated to be 190 pM. A similar 

crown ether-DMSO solution without KO 2 was added to the control 

cuvette. No significant difference was detected between the 

absorption spectra of the experimental and control solutions. 

The results taken collectively are consistent with a singlet 

oxygen-mediated oxidation of PABA and its derivatives in this 

system. 

Epstein (23) studied the effect of b-carotene on UV-induced 

skin tumors in mice. He noted that tumors appeared earlier and 

grew more rapidly in the placebo-treated animals as compared 

with the G-carotene-treated group. Although B-carotene is an 

excellent quencher of 102 (24), Epstein noted that this compound 

can react with free radicals and also its absorption spectrum 

slightly overlapped the emission spectrum of the light source 

used to generate the tumors. Thus, although his data suggest a 

possibility of involvement of 102 in tumor formation, he could 

draw no definitive cQnclusions regarding the mechanism of the 

protective effect. Our results indicate the possibilitY %hat 

if singlet oxygen is generated by UV in cutaneous cells, PABA 

and its derivatives may prevent UV-mediated skin damage via 

their ability to react with singlet oxygen in addition to their 

screening effect. 
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