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Effect of p-Phenylenediamine Application to Rat Skin
on the Liver Oxygen Free Radical Systems
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To evaluate the influence of hepatic oxygen free radical systems on liver injury by topical p-phenylenediamine (PPD)
application on rat skin, PPD (25 mg/16.5 cm?) was topically applied to the abdominal region 5 times every other day

and sacrificed.

By PPD treatment, increasing rate of liver weight/body weight (%). serum activities of alanine aminotransferase and
aspartate aminotransterase and decreasing rate of microsomal glucose-6-phosphatase activity were higher in the rats fed
tungstate supplemented diet than those fed a standard diet. These findings indicate that group fed tungstate supplemented
diet have more severe liver injury compared with group fed standard diet on topical PPD application. However, the
activities of oxygen free radical generating enzymes such as xanthine oxidase (XO) and cytochrome P450 dependent
aniline hydroxylase and those of oxygen free radical scavenging enzymes were not found to be different between these

two animal groups.

In the present study, a novel monitoring method to detect the generating of oxygen free radicals in liver extract was
devised. Throughout this method, the oxidized PPD produced by oxygen free radicals was determined colorimetrically.

The increasing rate of PPD oxidation by liver homogenate was higher in tungstate fed animals than in standard diet
fed ones. Among the fractionations of liver extract, the mitochondrial and postmitochondrial fractions in the liver extract of
tungstate fed animals led to a higher availability of PPD oxidation by PPD treatment compared with standard diet fed ones.

In conclusion, these results suggest that an enhanced liver injury in tungstate fed animals treated with PPD may be
due to oxygen free radicals produced in other systems except oxygen free radicals generating from cytosolic XO system.
Especially, oxidative availability by PPD can be used for oxygen free radical detection in some tissue.
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Table 1. Effect of dietary tungstate on the hepatic xanthine oxi-
dase (XO) activity in rats

Groups

Enzyme Standard diet

Tungstate suppl. diet

XO (total type) 2.85+0.08 0.94£0.06™

Each value represents the meantS.E. of 6 rats. Unit: pmoles
uric acid formed/min/mg protein. ***: Significantly different from
standard diet group (p<0.001).
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Table 2. Effects of p-phenylenediamine (PPD) application to skin on the liver weight per body weight (LW/BW, %), serum levels of
alanine aminotransferase (ALT) and aspartate aminotrasferase (AST) and hepatic glucose-6-phosphatase (G6P) activities in rats fed a

standard or tungstate supplemented diet

Parameters

1) 1) )

Groups LW/BW (%) ALT AST G6P?

Control 2.8410.02 26.842.50 29.9+5.60 1.85+0.24
Standard diet

PPD 2.81+0.42 333%1.81 3924257 1.62+0.21

Control 2.7310.07 28.0+4.81 3121035 1.73£0.22
Tungstate suppl. diet e .

PPD 3.0840.40 103.5434.50""%9 301.3%25.02""9 1.17£0.15

Each value represents the mean£S.E. of 6 rats. Unit: ¥ Karmen univ/ml of serum, ? nmoles P; formed/min/mg protein. ® Significantly
different from each control group, © Significantly different from standard diet group treated with PPD (***; p<0.001).
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Table 3. Effects of p-phenylenediamine (PPD) application to skin
on the activity of oxygen free radical generating enzymes in
rats fed a standard or tungstate supplemented diet

Groups Enzymes X0 (O type)” CYPAH”
Standard Control  0.91£0.05 4.50%0.72

diet PPD 1.02+0.13 3.8510.61
Tungstate ~ Control 020007 6.85+0.58"
suppl- diet  ppp 0.08+£0.01"™°  9.38+0.80™""

Each value represents the mean£S.E. of 6 rats. Unit: ¥ ymoles
uric acid formed/min/mg protein, 2 nmoles of p-aminophenol
formed/min/mg protein. ¥ Significantly different from each con-
trol group, ¥ Significantly different from standard diet control
group, ) Significantly different from standard diet group treated
with PPD (; p<0.05, ™*; p<0.001).
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Table 4. Effects of p-phenylenediamine (PPD) application to skin on the activity of oxygen free radical scavenging enzymes in rats fed a

standard or tungstate supplemented diet

G Enzymes CATY SOD? GST? GPx®
Toups

Control 46.6+4.21 9341825 632.1£29.1 16.1£1.29
Standard diet

PPD 60.31+7.25 85.31+9.52 709.2+28.8 18.0£2.77

Control 38.413.92 84.81£5.02 599.1+10.5 2044251
Tungstate suppl. diet .

PPD 50.1£6.52 106.5+17.65 605.4:£26.0™ 19.71+5.01

Each value represents the mean+S.E. of 6 rats. Unit: Y Reduced H,0, nmoles/min/mg protein, 2 Unit"/mg protein (*50% inhibition of
autooxidation of hematoxylin), ¥ nmoles 2,4-dinitrobenzene-glutathione conjugate/min/mg protein, ¥ NADPH oxidized nmoles/min/mg
protein. 9 Significantly different from standard diet group treated with PPD (*; p<0.05).
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Fig. 1. Effect of p-phenylenediamine (PPD) application to skin
on the hepatic reduced glutathione (GSH) content in rats fed a
standard or tungstate supplemented diet. Each value represents the
meantS.E. of 6 rats. @ Significantly different from each control
group (**; p<0.01). [: Control, N: PPD-treated
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Fig. 2. Spectra of oxidized p-phenylenediamine (PPD) or PPD.
A: Oxidized PPD, 2 ml of 0.23 M PPD was reacted with 2 ml of

1.76 M H20;. B: PPD, 2 ml of 0.46 M PPD was reacted with 2 ml
of distilled water.
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Fig. 3. Relation of the absorbency to concentration of p-phe-
nylenediamine (PPD) added constant H202 on PPD oxidation.
Each value represents the mean of 3 experiments. Various con-
centrations of PPD were reacted with 2 ml of 1.76 M H20; (total
reaction volume; 4 ml). C=FXA, C: Concentration (UM/min), A:
Absorbency, F: Factor (30)
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Fig. 4. Relation of the oxidized phenylenediamine (PPD) to the
concentration of H2Oz added to constant PPD. Each value repre-
sents the mean of 3 experiments. Various concentrations of H20z
were reacted with 2 ml of 0.46 M PPD (total reaction volume; 4
ml).
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Fig. 5. Time course for p-phenylenediamine (PPD) oxidation
by H20;. Each value represents the mean of 3 experiments. Two
ml of 0.46 M PPD was reacted with 2 ml of 1.76 M H20..
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Fig. 6. Time course for p-phenylenediamine (PPD) oxidation
by hepatic crude homogenate. Each value represents the mean of
3 experiments. The 3.5 ml reaction mixture containing 13 mM
PPD, 3.0 mg homogenate protein and 50 mM potassium phos-
phate buffer (pH 9.0) was incubated at 37 C.
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Fig. 7. Effect of liver extract on p-phenylenediamine (PPD)
oxidation. Each value represents the mean of 3 experiments. The
3.5 ml reaction mixture containing 13 mM PPD, various con-
centrations of homogenate protein (mg) and 50 mM potassium
phosphate buffer (pH 9.0) was incubated at 37°C for 20 minutes.
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Fig. 8. Inhibition of p-phenylenediamine (PPD) oxidation by
allopurinol in skin tissue extract. The 3.5 ml reaction mixture
containing 13 mM PPD, 140 yM allopurinol, 140 uM xanthine,
2.0 mg skin homogenate protein and 50 mM potassium phosphate
buffer (pH 9.0) was incubated at 37°C for 20 minutes. Allopuri-
nol was not included in the control reaction mixture. [1: Control,
N Allopurinol-treated
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Fig. 9. Effect of p-phenylenediamine (PPD) application to skin
on the liver PPD oxidized product in rats fed standard or tungstate
supplemented diet. Each value represents the mean=*S.E. of 6 rats.
¥ Significantly different from each control group, P Significantly
different from standard diet control group, ¢ Significantly different
from standard diet group treated with PPD (*; p<0.05, ™; p<0.01).
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