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This study was designed to determine the accumulation and toxicity of para-aminobenzoic acid (PABA) in rats. 
PABA was provided at 0, 0.1, 0.5 and 1% in the drinking waterfor 4 weeks, during which the rats were fed a 
standard laboratory diet. The results showed that PABA affected neither the body weight gain nor the organ 
(liver, kidney, and spleen) weights during the I-weekperiod. The contents of PABA in the liver, kidney, and blood 
were increased in rats given 0.5% and I % PABA in the water, whereas 0.1% PABA had little or no effect. The 
highest level of PABA achieved was 13 pg/g (95 nmollg) and 5.1 pg/mL (37 nmol/mL) in the liver and blood, 
respectively, at week 4, and was 1 I pg/g (80 nmol/g) in the kidney at week 2 afer feeding began. Plasma 
aspartate aminotransferase activities in rats given 0.5% and 1% PABA were significantly lower than that of 

control rats at week 2, but not at week 1 or 4. Plasma alanine aminotransferase activities were not significantly 
affected by PABA, although a trend existed toward decreased enzyme activity by PABA. PABA, at I % in the 
water, significantly decreased in vivo and in vitro (t-butylhydroperoxide-induced) lipid peroxidation in the liver 
but not in the kidney. This study demonstrated that PABA was accumulated to a limited extent in rat liver, kidney, 
and blood and that PABA did not lead to overt toxicity to rats even at 1% in the drinking water. In addition, PABA 
was a weak membrane antioxidant against lipid peroxidation. (J. Nutr. Biochem. 7:408413, 1996.) 
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Introduction 

Para-Aminobenzoic acid (PABA), once known as vitamin 
B,, is recognized for its essential role in the production of 
folic acid in many species of bacteria’ and for its strong 
absoi@on in the ultraviolet B (UVB) region (280 to 320 
nW, for which the compound has been used in many 
sun-blocking creams (commonly contain 2 to 10% 
PABA).374 In addition, PABA is known to be an antifibrotic 
agent5s6 and to protect against skin cancer induced by UV 
irradiation in hairless mice,294*7-9 ozone toxicity in vitro,” 
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and nephrotoxicity of cis-diamminedichloroplatinum(I1) in 
rats without compromising the antitumor activity of the lat- 
ter compound. l1 Some of these effects of PABA may be 
attributed to its ability to scavenge certain reactive oxygen 
species in vitro.‘* 

Despite many important functions of PABA, little is 
known about its absorption, tissue distribution, metabolism, 
and toxicity. In animals PABA is derived from the diet and 
not biosynthesized. Clinically, oral N-benzoyl-L-tyrosyl-p- 
aminobenzoic acid (BT-PABA) has been used as a pancre- 
atic function test.i3’14 After specific digestion of BT-PABA 
by chymotrypsin, the PABA moiety is rapidly absorbed by 
the intestinal epithelium through a passive process and al- 
most completely excreted in the urine in acetylated form. 
Oral PABA may be used for testing liver function because 
the ability of liver to metabolize PABA correlates with se- 
vere and lethal disease of the organ where PABA is me- 
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(final 5%) and hydrolyzed in a steam bath for 25 min. Blood 
samples were diluted 5 fold in deionized water before deprotein- 
ization and hydrolysis, as described. After diazotization and cou- 
pling with NNED the absorbance of the red complex was read at 
545 nm. The method measures aromatic amines and is, thus, not 
specific for PABA. However, tryptophan, a major aromatic amine 
in tissues, has no apparent coupling with NNED.” The method 
also does not measure the PABA moiety of folic acid because the 
cleavage of folic acid requires strong oxidizing agents such as 
potassium permanganate.23 The relatively large dilution of 
samples before deproteinization was to minimize interferences. 
The method was sensitive to submicromolar level with no apparent 
detection limit. When taken as twice the highest tissue blank value 
C%, nm = 0.012 for the kidney), a sensitivity of 0.8 ~.LM PABA 
was obtained. 

tabolized to para-aminohippuric acid and to para- 
acetamidobenzoic acid and para-acetamidohippuric acid via 
a monomorphic N-acetyltransferase.‘5 PABA is generally 
considered nontoxic, and many PABA-containing (gener- 
ally from 25 to 100 mg/tablet) vitamin complexes are avail- 
able as food supplements. However, a few side effects of 
PABA such as nausea and skin rashi6,” have been de- 
scribed. A case report shows that oral PABA (12 g/day) for 
2 months led to hepatotoxicity in a patient with scleroderma, 
as evidenced by elevated serum alanine aminotransferase 
and aspartate aminotransferase. l8 Topical PABA effectively 
prevented peripheral granulocytosis and enlarged spleen in 
nude mice exposed to UV but led to slightly decreased 
spleen weight, suggesting a systemic toxic effect of 
PABA. l9 

This study was aimed to determine the accumulation in 
blood, liver, and kidney and the overt toxicity of PABA in 
rats. In addition, the effect of PABA on in vivo and in vitro 
lipid peroxidation was studied because we showed that the 
compound effectively scavenged certain reactive oxygen 
species in vitro.” PABA was provided in drinking water 
rather than in the diet in order to prevent microbial utiliza- 
tion of PABA for folate biosynthesis in the diet. 

Methods and materials 

All chemicals used were of reagent or higher grade. Major reagents 
used were purchased from Sigma Chemical Co. (St. Louis, MO 
USA) including potassium par-a-aminobenzoate (K-PABA), thio- 
barbituric acid (TBA), t-butylhydroperoxide (BHP) and N-l- 
naphthylethylenediamine dihydrochloride (NNED). 

Animals and diet 

Fifty-one male Sprague-Dawley rats (5-week old, weighing ca. 
150 g) were housed in stainless-steel cages (two per cage) and fed 
a standard laboratory diet (Purina Rat Chow 5001, Purina Mills, St. 
Louis, MO USA) with food and water provided ad lib&urn. PABA 
(potassium salt) was provided in drinking (deionized) water at 0%, 
O.l%, 0.5%, and l%, with each group having 12 rats. The pH 
values of the water containing various levels of PABA were be- 
tween 7.5 and 7.7, and the water was changed every day to prevent 
microbial growth. The standard laboratory diet contained approxi- 
mately 22 kg/g or 0.002% PABA, as determined using a photo- 
metric method as described below. Consumption of water was 
measured every day. Body weights were measured once a week 
during the 4-week study period. 

Three rats from each group at week 1 and 2 and the remaining 
six rats from each group at week four were killed by decapitation 
and blood was collected in a beaker containing EDTA (approx. 2 
mg/mL of blood). Tissues were removed immediately, rinsed in 
cold phosphate-buffered saline, and blotted on a filter paper before 
weighing. A portion of the blood was centrifuged (3,000 x g, 10 
min at 4”) immediately to obtain plasma. Plasma, liver, and kidney 
tissues and remaining blood samples were quickly frozen in liquid 
nitrogen and stored at -35” before use. 

Analysis of PABA 

PABA was determined photometrically based on the coupling of 
PABA with NNED,” as described for feed?,** and human se- 
rumI and plasma.14 Liver and kidney tissues were homogenized 
in deionized water (lo%, w/v) and centrifuged at 9,000 x g for 10 
min at 4”. The supematant was then deproteinized using TCA 

Enzyme assays 

Plasma aspartate aminotransferase (glutamic oxaloacetic transam- 
inase, GOT) and alanine aminotransferase (glutamic pyruvic trans- 
aminase, GPT) were determined based on coupled reactions as 
described elsewhere.24 

Measurement of lipid-peroxidation 

In vivo lipid peroxidation was determined in liver and kidney 
homogenates (lo%, w/v) as TBA reactive substances (TBARS) as 
described previously.25.26 In vitro lipid peroxidation was measured 
after incubation of liver and kidney homogenates with 0.75 mM 
BHP for 1 hr at 37”. The selection of BHP concentration was based 
on a induction of approximately twice the amounts of TBARS 
produced without BHP using the liver from control rats. Protein 
was measured by a dye-binding method (BioRad, Richmond, CA 
USA). 

Statistical analysis 

Data were analyzed using one-way analysis of variance (ANOVA) 
with Duncan’s multiple range test for group mean comparison 
using a computerized program (SAS Institute, Cary, NC USA). A 
P value co.05 was considered statistically significant. 

Results 

Changes in body and organ weights 

PABA in the drinking water did not affect the growth of rats 
as indicated by the similar body weight gain during the 
4-week feeding period (Table 1). Diet consumption was not 

Table 1 Body weight gains of rats given varying amounts of PABA 
in the drinking water for 4 weeks 

PABA 

Control 
0.1% 
0.5% 
1 .O% 
P’ 

Body weight gain (g)’ 

Week 1 Week 2 Week4 

72 zt 6 112* 11 170 f 13 
76 + 7 121 +8 185 zt 12 
72 zt 7 113*9 172* 11 
70* 10 112* 12 174 f 15 

N.S. N.S. N.S. 

‘The body weight gain (means it SD) was obtained by subtracting 
the body weights from the beginning weights of individual rats. 
‘P values >0.05 are considered non-significant (N.S.) statistically. 
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measured but there was no difference in water consumption 
(data not shown). PABA had no significant effects on organ 
(liver, kidney, and spleen) weights, although the spleen 
weight was somewhat higher in all groups of rats fed PABA 
than that of control rats (Table 2). 

Contents of PABA in Tissues 

Figure 1 shows that PABA given at 0.1% in the water did 
not increase PABA contents in the liver. At weeks 1 and 2 
only the rats given 1% PABA had significantly more liver 
PABA than rats of the other groups (Figure 1). At week 4 
the liver PABA content (8.4 pg/g or 61 nmol/g) of rats 
given 0.5% PABA was significantly higher than those of 
control rats and of rats given 0.1% PABA, but was lower (P 
< 0.05) than that (13 Kg/g or 95 nmol/g) of rats given 1% 
PABA. The liver PABA contents of the control rats fluctu- 
ated somewhat during the study period and was slightly 
higher (P > 0.05) at week 4 (7 Kg/g) than at week zero (5 
kg/g). The reason for such a fluctuation is unknown. 

As in the liver, PABA at 0.1% in the water was unable to 
raise kidney PABA contents. Unlike the liver, the highest 
level of PABA in the kidney (11 kg/g or 80 nmob’g) was 
found at week 2 in rats given 1% PABA, which then de- 
creased sharply at week 4 (Figure 2). At week 4 only the 
rats given 1% PABA had a significantly higher content of 
PABA than that of control rats. 

The PABA content (0.6 p,g/mL) of the blood was small 
before feeding began but rose with increasing PABA levels 
in the water and reached 5.1 kg/mL or 37 nmol/mL in rats 
given 1% PABA for 4 weeks (Figure 3). As in the liver and 
kidney, PABA at 0.1% in the water had little or no effect on 
the blood PABA contents. 

Activities of GOT and GPT in plasma 

Plasma GOT activities of rats given 0.5 and 1% PABA were 
significantly lower than that of control rats at week 2 (Fig- 
ure 4A). However, the activities of GOT were all within 
normal ranges (0 to 40 W/L), and the difference in activities 
became diminished and were not significant (P > 0.05) 
among the groups at week 4. PABA in the drinking water 
did not significantly affect plasma GPT activities, but a 
trend toward decreased GPT activities with increasing 
PABA levels existed during the 4-week study period (Fig- 
ure 4B). 

Table 2 Organ weights of rats given varying amounts of PABA in 
the drinking water for 4 weeks 

Organ weights (g/100 g body weight)’ 

PABA Liver Kidney Spleen 

Control 3.30 f 0.31 0.85 rt 0.04 0.23 i 0.10 
0.1% 3.41 * 0.23 0.82 + 0.04 0.29 + 0.09 
0.5% 3.26 i 0.04 0.82 + 0.04 0.27 + 0.14 
1.0% 3.44 f 0.12 0.87 f 0.06 0.26 i 0.06 
P N.S. N.S. N.S. 

‘Values are means + SD for six rats; Pvalues >0.05 are considered 
non-significant (NS) statistically. 
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Figure 1 PABA contents in the liver of rats given varying amounts 
of PABA in drinking water for 4 weeks. Data are means + SD of three 
(weeks 0, 1, and 2) or six (week 4) rats; values not sharing the same 
letters are significantly different (P < 0.05). 

Lipid peroxidation in vivo and in vitro 

Liver TBARS not induced by an exogenous oxidant was 
measured as in vivo lipid peroxidation (Table 3). Signifi- 
cantly decreased TBARS were found in the liver from rats 
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Figure 2 PABA contents in the kidney of rats given varying 
amounts of PABA in drinking water for 4 weeks. Data are means i 
SD of three (weeks 0, 1, and 2) or six (week 4) rats: values not 
sharing the same letters are significantly different (P < 0.05). 
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Figure 3 PABA contents in the blood of rats given varying 
amounts of PABA in drinking water for 4 weeks. Values are means 
+ SD of three (weeks 0. 1, and 2) or six (week 4) rats; values not 
sharing the same letters are significantly different (P < 0.05). 

given 1% PABA as compared with the individual controls at 
weeks 2 and 4. As expected, levels of TBARS were raised 
in the liver incubated with BHP (37”, 1 hr). This magnifi- 
cation of lipid peroxidation also led to the same basic find- 
ings, i.e., only the highest PABA (1%) was sufficient to 
significantly lower lipid peroxidation. 

In the kidney PABA had no significant effects on either 
in vivo or in vitro (i.e., BHP-induced) lipid peroxidation, 
although there was a trend toward decreased TBARS with 
increasing PABA contents in rats of the same ages (Table 
4). Similar results were found when lipid peroxidation was 
expressed based on weights, i.e., nmol TBARS/g kidney 
(data not shown). 

Discussion 

Several points were demonstrated in this investigation. 
Firstly, PABA can be accumulated in tissues and blood, but 
only to a relatively limited extent. PABA at 0.1% in the 
drinking water barely increased PABA contents in the liver, 
kidney, and blood. The liver and kidney of rats given 1% 
PABA in the water (equivalent to 57 mM as the potassium 
salt) for 4 weeks contained only approximately twice the 
amounts of PABA in the liver and kidney of control rats. 
The highest amounts of PABA achieved in the liver and 
kidney were 13 p,g/g (95 nmol/g) and 11 kg/g (80 nmol/g), 
respectively, with the liver generally accumulating more 
PABA than the kidney. Blood PABA concentrations in- 
creased markedly from 0.6 pg/mL (4.4 nmol/mL) in the 
control rats to 5.1 pg/mL (37 nmol/mL) in rats given 1% 
PABA for 4 weeks. The relatively limited accumulation of 
PABA is consistent with the fact that PABA in its free form 
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Figure 4 Activities of GOT (A) and GPT (B) in the plasma of rats 
given varying amounts of PABA in drinking water for 4 weeks. Val- 
ues are means + SD of three (weeks 0, 1, and 2) or six (week 4) rats. 
*Significantly different (P < 0.05) from the control at week 2. 

is rapidly absorbed by the intestinal epithelium but is almost 
completely excreted in the urine in acetylated form.13 Thus, 
whether PABA is provided in the diet or through drinking 
water may not result in marked difference in tissue accu- 
mulation. 

Even in rats given 1% PABA in the water for 4 weeks, 
there was no overt toxicity, i.e., no significant effects on 
body and organ (liver, kidney, and spleen) weights or on 
plasma GOT and GPT activities. Indeed, PABA is generally 
considered nontoxic except for a few minor side effects 
such as nausea and skin rash.16,” However, a case report’* 
showed that oral PABA (12 g/d) for 2 months for treatment 
of lichen sclerosus et atrophicus of a 64-year-old female led 
to hepatotoxicity, as evidenced by elevated serum GOT 
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Table 3 In vivo and in vitro lipid peroxidation in the liver of rats 
given varying amounts of PABA’ 

TBARS (nmol/ma orotein)’ x 10’ 

Week 1 Week 2 

hepatotoxicity of the patient described in the case report 
may not be attributed solely to PABA. It cannot be ruled out 
that the 4-week feeding period in our study is not long 
enough to reveal the toxicity of PABA. 

Week 4 Flindt-Hansen and Ebbesen l9 showed that female nude 

In vivo (non-induced) 
Control 2.8 * 0.2 3.9 + 0.9= 3.3 + 0.5a 
0.1% 2.6 e 0.4 3.7 + 0.6b 3.4 * 0.5” 
0.5% 2.9 f 0.3 3.2 * 0.P’ 3.0 f O.la 
1.0% 2.5 i 0.3 2.7 + O.lb 2.5 rl 0.4b 
P N.S. GO.05 so.05 

In vitro (induced by 0.75 mM BHP) (37”, 1 hr) 
Control 5.8 LIZ 0.3= 10.1 * 0.4a 10.2 f 1 .oa 
0.1% 4.5 * 0.4b 10.0 f 0.5a 9.5 f 1 .oab 
0.5% 5.5 i 0.4a 10.6 zt 1 .7a 10.5 f 1 .7a 
1 .O% 4.7 * 0.5Jb 6.5 LIZ 0.8” 8.6 f 1 .Ob 
P GO.05 so.05 so.05 

‘Lipid peroxidation was measured as TBA reactive substances ei- 
ther directly from the liver (in vivo) or after incubation with BHP for 1 
hr (in vitro). 
‘Values are means * SD (n = 3 for weeks 1 and 2; n = 6 for week 4). 
Values in a column (Le., the same week) with the same superscripts 
are not significantly different (N.S., P > 0.05). 

(600 IU/L) and GPT (912 III/L). Our studies showed no 
marked changes in these plasma enzymes in rats given 
PABA in the drinking water. In fact, plasma GOT in rats 
given 0.5 and 1% PABA was significantly lower than that in 
the control rats after 2 weeks of feeding, and PABA tended 
to decrease plasma GPT activities during the 4-week study 
period. Although direct comparison between humans and 
rats may seem unwarranted, a crude calculation could pro- 
vide useful information. Thus, 1% PABA in the water 
would be equivalent to 0.5 g PABA per day for a 250-g rat 
(our rats grew from 150 to 330 g during the study) based on 
an average daily water intake of 50 mL. For a 60-Kg person, 
this would be equivalent to 120 g PABA per day. Hence, the 

Table 4 In vivo and in vitro lipid peroxidation in the kidney of rats 
given varying amounts of PABA’ 

TBARS (nmol/mg protein)2 x 10” 

Week 1 Week 2 Week 4 

In vivo (non-induced) 
Control 13.1 f 1.6 15.2 + 1.5 12.8 * 4.0 
0.1% 14.0 * 1.4 15.8 + 2.3 14.3 * 2.4 
0.5% 13.2 * 1.4 14.7 + 2.6 12.2 e 2.7 
1 .O% 12.7 * 0.4 13.1 * 1.1 12.6 f 1.3 
P N.S. N.S. N.S. 

In vitro (induced by 0.75 mM BHP) (37’, 1 hr) 
Control 16.3 * 0.9 21.4 * 1.9 25.4 f 4.5 
0.1% 16.0 f 2.9 22.7 f 3.1 27.1 zt 4.1 
0.5% 16.0 e 0.8 19.5 f 3.0 23.8 * 2.9 
1 .O% 14.7 * 1.1 17.0 zt 4.2 22.6 * 2.9 
P N.S. N.S. N.S. 

‘Lipid peroxidation was measured as TBA reactive substances ei- 
ther directly from the kidney (in vivo) or after incubation with BHP for 
1 hr (in vitro). 
2Values are means * SD (n = 3 for week 1 and 2; n = 6 for week 4). 
Values in a column (i.e., the same week) were compared; N.S.: not 
significantly different (N.S., P > 0.05). 

mice exposed to UV for 2 months developed peripheral 
granulocytosis and enlarged spleen, both of which were 
effectively prevented by topical PABA (5% lotion). How- 
ever, the UV-irradiated and PABA-treated (full-time pro- 
tected) mice had a slightly decreased mean spleen weight 
compared with that of the controls (0.15 vs. 0.17 g, P < 
0.001). Based on this, they suggested that PABA may have 
a systemic toxic effect. In our study, we noted that the 
spleen weights of rats given PABA (irrespective of the lev- 
els of PABA in the water) for 4 weeks appeared to be higher 
(P > 0.05), but not lower, than those of the control rats. In 
the study by Flindt-Hansen and Ebbesen” there was no 
PABA control group, i.e., mice treated with PABA without 
UV exposure. Thus, whether or not PABA may change 
spleen weights awaits further investigations. 

PABA was a weak membrane antioxidant since only rats 
given 1% PABA in the water had decreased in vivo and in 
vitro lipid peroxidation in the liver (and tended to do so in 
the kidney). This finding is consistent with our observations 
that exogenous PABA only weakly protected liver micro- 
somes and red blood cell membranes against in vitro lipid 
peroxidation (induced by H,O,, BHP or Fe3+/ascorbate) 
(unpublished data). The results imply that PABA may be 
most relevant in topical use for skin protection because the 
compound strongly absorbs UVB”’ and effectively scav- 
enges hydroxyl radicals and singlet oxygen. l2 Future studies 
may also be directed to determining the distribution of 
PABA in other tissues and cells such as polymorphonuclear 
leukocytes where its metabolism27 or reaction with hypo- 
chlorous acid’* may be responsible for the antiinflammatory 
activity of PABA. 
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