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Para-aminobenzoic acrd (PABA). once considered a ~~rttrmln. l.s a precursor of folate for certain bacteria and is 
used as a sunscreen because of its UV-absorbing proper?. In addition to its mild anti-injlammaton: activity, 
recent studies demonstrate that PABA protects again.st photoc,urcYnogenesis in hairless mice and nephrotoxicity 
of cis-diamminedichloroplatinum(ll) in ratJ. Howe\,er. lrttle is known regarding the mechanism by which PABA 
exerts these effects. We have hypothesized that PABA may be an eflective scavenger of reactive oxygen species. 
In this report, we showed that PABA rewted with hypoc,hlorite in a ratio of reaction of 1:2. as measured bq’ a 
spectrofluorometric method det,eloped in this study. PABA reacted with hydroxyl radicals (.OH) by inhibiting 
deoxyibose oxidation induced bx a Fenton-epe reactron .ystem (Fe-’ * f  EDTAiH,Ozlascorbic acid). The 
second-order rate constant for the reaction of PABA ,czlth .OH \+tas upproximately I .07 X 1O’o M-’ s-‘. 
Electron spin resonance studies further demonstrated the reac,tion of PABA with .OH. The Fenton-epe reaction 
system also caused damage to calf thymus DNA, and concurrent treatment bvith L’V (254 nm) enhanced the 
damage b! 3 fold. PABA tested ut I .O mM afforded 58% protection against such damage. Using rose bengal as 
a singlet oxygen (‘0,) generator and ESR technrques, we showed that PABA scavenged ‘0, more effectively than 
sodium azide, a known quencher of ‘Oz. However. PABA did not scavenge supero.ride anions or react with 
H,O,. Thus, in addition to its L/V absorbing ability, PABA effectiveIF scatzenges certain reactive oxygen species, 
an effect that may be relevant to Its protection against photoc~cln~inogenesrs, inflammation, and drug toxicity. (J. 

Nutr. Biochem. 6: 504-508. 1995.) 
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Introduction 

Reactive oxygen species (ROS) have been implicated to 
play an important role in human aging and various patho- 
logical states including many types of cancer. ‘-’ Para- 
aminobenzoic acid (PABA), once known as vitamin B,, is 
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an essential cofactor for the production of folic acid in many 
species of bacteria.4 This compound has mild anti- 
inflammatory and antifibrotic activities5’6 and has been used 
empirically for more than 50 years in sun-blocking creams 
(commonly contains 2 to 10% PABA)7s8 because of its high 
absorbance in the UVB region (280 to 320 nm).4,9 Several 
studies have demonstrated that PABA is rotective against 
skin cancer induced by UV irradiation’-’ P and by UV and 
7.12-dimethylbenzanthranzene treatment” in hairless mice. 
In rats injected i.p. with cis-diamminedichloroplatinum(II), 
PABA suppresses cisplatin-DNA adducts and nephrotoxic- 
ity without compromising the antitumor activity. I3 How- 
ever. the mechanism(s) of PABA in these actions are un- 
clear. Sagone et al. I4 have shown that PABA is metabolized 
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by the myeloperoxidase system In stimulated polymorpho- 
nuclear neutrophils and have suggested that the metabolism 
is responsible for the mild anti-inflammatory activity of 
PABA. Since ROS have been implicated in inflammation.’ 
UV-induced damage to biological systems including skin 
tissues,‘5-‘7 and cis-platin toxicity,’ .” we have hypothe- 
sized that the protection of PABA may involve scavenging 
of ROS. 

In this report, we studied the reaction of PABA with .OH 
generated by a Fenton-type reaction system using deoxyri- 
bose oxidation electron spin resonance (ESR), and DNA 
damage with and without UV irradiation. We also deter- 
mined the reaction of PABA with singlet oxygen (‘02). 
sodium hypochlorite. superoxide anions (0 .?), and H20,. 

Methods and materials 

Potassium PABA. deoxyribose. calf thymus DNA. manmtol. cq- 
tochrome c, xanthine oxidase. thiobarbiturate acid (TBA). and 
sodium hypcchlorite (NaOCI) were from Sigma Chemical Co (St 
Louis, MO USA) and 2,2.6,6-tetramethypiperidine (TEMP) wa$ 
from Aldrich. Hydrogen peroxide was obtained from Merk (Darm 
stadt, Germany); 5,5-dimethyl-I-pyrroline N-oxide (DMPO) from 
Labotec (Tokyo, Japan). All other chemicals used were of reagent 
grade. 

Reaction of PABA with HOC’I, H,O,. and 
superoxide anions 

Consumption of PABA by NaOCl and H,O, was measured usmg 
a fluorescent method that was developed in this study. We found 
that PABA in aqueous solution (water and phosphate buffer. pH 
7.4) showed strong excitation and emission peaks at 280 and 340 
nm, respectively (Figure I). A Hitachi spectrofluorometer (To- 
kyo, Japan, Model 650-40) having a ratio photometer was used. 
NaOCl or H,O, at various concentrations was quickly mixed with 
0. I mM PABA in potassium phosphate buffer. pH 7.4 (final con- 

Figure 1 Fluorescence spectra of PABA (30 PM) in phosphate 
buffer (37 5 mM) pH 7 4 Excitation and emlsslon peaks were at 280 
and 340 nm respectively 
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centration 37.5 mM) in a volume of 3.0 mL. The mixture of 
PABA with H,O, was incubated at room temperature at various 
intervals. The concentration of NaOCl was standardized using l Z9,, 
= 350 M-’ cm-’ at pH 12.20 At pH 7.4, OCI-’ is approxi- 
mately 50% protonated to HOCI. For convenience, HOC1 was 
used to represent the protonated and the dissociated forms. H,O, 
was standardized using l IA0 = 43.6 M-’ cm-‘.” Reaction of 
PABA with O-., was determined using a xanthine oxidase- 
hypoxanthine system coupled with ferricytochrome c reduction.** 

Deoqribose oxidation assay 

Hydroxyl radicals, which are known to damage deoxyribose and 
form TBA-reactive chromogens,23 were generated by a Fenton- 
type reaction system (Fe3’ + EDTAIH,O,lascorbic acid)24 with 
slight modification. The reaction system (1 .O mL) contained 2.8 
mM deoxyribose. 2.8 mM H,O,, 20 FM ferric chloride premixed 
with 100 FM EDTA, and appropriate amounts of PABA in 25 mM 
phosphate buffer, pH 7.4. The reaction was initiated by the addi- 
tion of ascorbic acid (0. IO mM final concentration), and the mix- 
ture was incubated for I hr at 37°C followed by the addition of I .O 
mL of TBA (0.7% in 0.05 N KOH) and I .O mL of 2.5% TCA. 
The mixture was heated at 100°C for 8 min, cooled. and the color 
formed was measured at 532 nm. The second-order rate constant 
(k,) for the reaction of PABA with .OH was obtained based on 
competition of PABA with deoxyribose for .0H.25 

ESR studies of -OH and ‘02 

Reaction of PABA with .OH was also determined using ESR 
techmques. Hydroxyl radicals were produced by the Fenton-type 
system as described previously except that deoxyribose was omit- 
ted. Ten microliters of DMPO (3 mM final concentration) was 
added as a radical trap. The mixture was incubated at 37°C for 15 
min before ESR measurement. 

Reaction of PABA with ‘0, was determined using ESR spec- 
troscopy according to Das and Misra.” Singlet oxygen was pro- 
duced by rose bengle (40 mM) irradiated for 5 min at room tem- 
perature using a slide projector (Cabin, AF-250) and detected us- 
ing TEMP (22 mM final concentration) as the spin trap. 

ESR spectra were recorded at room temperature on a JES- 
EE3X spectrometer (JEOL. Tokyo, Japan; X-band) with 100 kHz 
field modulation and the following settings: microwave power, IO 
mV; magnetic field, 336 mT; scan range, +5 mT; modulation 
width. 0.079 mT: scan speed, 4 min; response, 0.3 sec. 

DNA damage by Fenton reagents and 
UV irrudiation 

Replacement of deoxyribose with calf thymus DNA (0.50 mg/mL 
of reaction mixture) in the Fe“ + EDTA/H,O,/ascorbic acid 
system resulted in the appearance of TBA-reactive chromogens 
with a maximal absorption at 532 nm. The reaction mixture (1 .O 
mL) placed in a small beaker was exposed to a UV lamp (main 
output at 254 nm) in a laminar flow with the surface of the mixture 
at a distance of 3 cm from the lamp. The beakers were placed and 
rotated every 15 min in the middle part of the lamp where the light 
intensity was highest (1.9 mWiicm’ at 3 cm distance). During the 
lrradlation (24°C. 1 hr) the control (unirradiated) samples were 
wrapped in aluminum foil and the laminar flow was covered with 
dark cloth. 

Results 

PABA reacts with HOC1 but not H,O, and 
superoxide anions 

PABA reacted with HOC1 in a concentration-dependent 
manner with the reaction being completed within 2 min, as 
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a measure using the spectrofluorometric method. The stoi- 
chiometry of the reaction of PABA with HOC1 was approx- 
imately I:2 (Table I ). There was no detectable loss in 
PABA (0.1 mM) when incubated with 5.0 mM H,O, for up 
to 30 min. PABA at a concentration up to 5 mM did not 
react appreciably with superoxide anions (data not shown). 

PABA Scavenges *OH 

Figure 2A compares the effect of PABA with mannitol on 
deoxyribose oxidation. Both PABA and mannitol inhibited 
the oxidation in a concentration-dependent manner. The 
concentrations required for 50% decrease (IC,,) were ap- 
proximately 0.25 and 3.3 mM for PABA and mannitol. 
respectively. Control experiments (minus deoxyribose) 
showed that neither PABA nor mannitol interfered with the 
assay. 

The slope of a plot of the reciprocal of absorbance 
(A 532 ,,,) against concentrations of PABA or mannitol (Fig- 
ure 28) was used to calculate kz of reaction with .OH.” The 
approximate k, thus obtained was 1.07 X 1O’O M ’ s ’ 
(SD = 0.34, n = 3) and 2.35 x 109M-‘ s-’ (SD = 0.28. 
n = 3) for PABA and mannitol, respectively. 

ESR studies further demonstrated scavenging of .OH by 
PABA. Figure 3 shows that PABA decreased the DMPO- 
OH adduct signal in a concentration-dependent manner. As 
in the deoxyribose oxidation assay, PABA was more effec- 
tive in scavenging of .OH than mannitol (50 mM. line F; 
Figure 3). 

PABA protects DNA against damage by UV and 
Fenton reagents 

Incubation with the Fenton reagents alone (i.e., without UV 
irradiation) for 1 hr resulted in damage to calf thymus DNA 
(A 532 nm = 0.11) (Table 2). Inclusion of 1 .O mM PABA 
and mannitol decreased the damage by 55 and 40’%, respec- 
tively. 

Concurrent treatment with UV enhanced the .OH- 
induced damage to DNA by 3 fold. Inclusion of I.0 mM 
PABA and mannitol decreased the damage by 58 and 36%. 
respectively. UV irradiation alone (i.e., without Fenton 
components) resulted in no appearance of TBA-reactive 
products of DNA either in the absence of presence of PABA 

Table 1 Stolchlometry of the reac! on of PABA w,th NaOCl’ 

NaOCl added 
PABA (FM) Stolchlometry 

(IW Remalnlng LOSS (NaOCliloss of PABA) 

0 1 oat 0 
25 90 4 96 26 
50 77 3 22 7 22 

100 50 3 49 7 20 
150 21 6 78 4 19 
180 109 a9 1 20 
200 52 94 a 21 

l PABA was measured at 280 nm excl!atlon and 340 nn- emission as 
described in the text 
tMeans of two separate experiments each having duplicate sam- 
ples. 
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Figure 2 (A) lnhibitlon (%) of deoxyrlbose oxidation by PABA (cir- 
cle) and mannltol (square) (B) A plot of reciprocal of absorbance of 
TBA-reactive chromogens at 532 nm against the concentration of 
PABA (circle) and mannltol (square) for the calculation of rate con- 
stants Values are means of 2 or 3 experiments, bars denote stan- 
dard devlatlon 

(which turned yellowish but did not interfere with the TBA 
assay). 

PABA quenches ‘0, 

Figure 4 shows that PABA inhibited TEMP-‘0, adduct 
formation in a dose-dependent manner. PABA scavenged 
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Figure 3 ESR spectra of the DMPO-OH aaduct and the effect of 
PABA and mannltol The reactron mixture containrng Fenton-!ype 
reagents, DMPO and PABA was Incubated at 37°C for 15 mm before 
ESR measurement Lrne A was without Fe3 ’ + EDTA lanes B C D 
and E were 0 1 2 and 3 mM PABA respectrvelv and ltne F was 50 
mM mannrtol 

‘0, more effectively than sodturn azide (10 mM, lme F. 
Figure 4), a known ‘02 quencher. 

Discussion 

Free radicals are known to be mvolved in UV-induced skin 
damage,15-” and chronic exposure of skin to UV results in 
free radical generation, possibly through iron deposition. 
which can be detected by ESR.” The ability of PABA to 
absorb strongly at UVB range (280 to 320 nm) may largely 
account for its protection against photocarcinogenesis. 
However, the UV-absorbing ability does not account for 
other effects of PABA such as anti-inflammation.‘.’ and 
protection against cis-diamminedichloroplatinum(l1) toxic- 
ity in rats.” 

We showed in this study that PABA w~as effective In 
reaction with HOCl. HOCI. a mtcrobicidal agent produced 

Table 2 lnhrbrtron by PABA of DNA damage Induced by a Fenton 
type reactlon system and UV lrradlation’ 

DNA damage 
IA,,,.., x lo21 

Additron to DNA LIV * uv 

None 25z1ot ‘7ZO5 
+PABA (1 0 mM) 23~07 23--O’ 
+ Fenton system 112-to7 345214 
+ Fenton system + PABA (1 0 mM) 50 r05 144zo3 
+Fenton system + mannltol (1 0 mM) 67 TO3 186tO5 

‘Reactron mixture contarnrng DNA (0 5 mg mL) was treated with zr 
without a Fenton-type system (Fe’ * EDTA H ,O,‘ascorblc aclc I 
and/or UV (254 nm) at 24” for 1 hr 
tMeans + SD, n = 3 

0 

Figure 4 ESR spectra of TEMP-‘02 adduct and the effect of PABA 
and sodium azlde ‘0, was generated from rose bengal by lrght 
lrrad atlor Line A was without rose bengal, lines B, C, D, and E were 
0 ’ 5 and 10 mM PABA respectively, and line F was 10 mM 
sod8um arIde 

by myeloperoxidase system in activated neutrophils,28.29 
can damage essential components of the host tissues,28-32 
and thus cellular and extracellular defense against HOCl- 
induced damage is crucial. PABA can be metabolized by 
the myeloperoxidase system in stimulated neutrophils, and 
such metabolism may account for its mild anti-inflamma- 
tory activity.” Although it is not known how much PABA 
can accumulate in the inflammatory sites, the 1:2 ratio of 
reaction of PABA with HOC1 suggests that PABA is some- 
what more favorable than - SH groups (from small and 
protein thiols) in reaction with HOC1 (- SH:HOCl = ap- 
proximately I: I .5).3’ 

Both deoxyribose degradation assay and ESR techniques 
showed that PABA was a 

P 
owerful scavenger of .OH. The 

k, (I .07 x IO’” M-’ s- ) of the reaction of PABA with 
.OH, which equalled diffusion-controlled limit, was higher 
than that ( 1.2 x IO9 M ’ s - ‘) reported by Anderson et 
al? using pulse radiolysis. However, a k, of 2.35 X lo9 
M ‘s ’ (SD = 0.28, n = 3) for the reaction of mannitol 
with .OH obtained in our study was in agreement with 
reported values (approximately 2 X lo9 M- ’ s - ‘) based on 
the same deoxyribose assay or pulse radiolysis.25 As PABA 
was much more effective than mannitol in scavenging *OH, 
the kz obtained in our study appeared to be a reasonable 
figure. 

The Fenton-type reaction system also caused damage to 
calf thymus DNA, and concurrent treatment with UVC (254 
nm) enhanced the damage by 3 fold. PABA at 1 .O mM gave 
58% protection, but the effect was only slightly better than 
that of I .O mM mannitol. This appeared to contradict the 
results from deoxyribose oxidation assay (and ESR studies) 
in which PABA was much more effective than mannitol. 
One possible explanation is that some iron ions may have 
been bound by DNA molecules leading to site-specific dam- 
age which cannot be prevented by PABA or mannitol. Since 
PABA also absorbs in the 254 nm region (data not shown), 
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the concurrent treatment could not differentiate the sun- 
screen effect from the antioxidant effect of PABA. Studies 
using UVA (320 to 380 nm where PABA does not absorb) 
are currently being planned. 

‘02 is often produced in photodynamic actions of various 
photosensitizers (known as Type II mechanism).’ The abil- 
ity of PABA to scavenge ‘0, more effectively than sodium 
azide suggests that PABA may protect human eyes and skin 
against oxidative damage by natural and synthetic photo- 
sensitizers. It is worth mentioning that PABA was not ex- 
cited by UVC to damage DNA under our experimental con- 
ditions (Table 2, without addition of Fenton reagents). al- 
though our assay method for DNA damage does not 
measure other types of damage to DNA such as formation 
of pyrimidine dimers. 

In summary, this study supports our hypothesis that. 
besides being a sunscreen agent and a precursor for folate 
synthesis in bacteria, PABA is an effective scavenger of 
certain ROS. Since little is known regarding the metabolism 
and levels of PABA that can be reached in vivo. it is dif- 
ficult to relate the present findings to what PABA may do in 
vivo. Nevertheless, the reaction with HOC1 may, in part. 
explain the anti-inflammatory effect of PABA. as has been 
suggested previously. ” Scavenging of .OH and ‘0, may be 
related to the protection by PABA against photocarcinogen- 
esis and drug toxicity. 
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