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Effect of p-Phenylenediamine to Rat Skin
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Abstract

Red brownish p-pheylenediamine (PPD) has been widely used hair dye for women. The dye was known
to cause systemic anaphylaxis, dermatitis and bladder cancer. But the effect of PPD toxicity with oxygen
free radical has not been studied. This study investigated the degree of skin injury by PPD. PPD (2.5% PPD
in 2% NH,OH) was applied to the rat skin (25 mg/16.5 cm?) 3 or 5 times every other day. Histopathological
findings demonstrated the proliferation of epithelial cells and the increased keratinization by PPD. The activities
of glucose 6-~phosphatase (G6Pase) was decreased and acid phosphatase (ACP) was increased in PPD-applied
rat skin. Groups in which PPD was applied 5 times were more damaged than groups applied 3 times. To examine
the relationship between tissue damage and oxygen free radicals, effect of PPD on xanthine oxidase (XO)
activity was measured and XO activity was more significantly increased in the group treated with PPD 5
times than 3 times. However, reduced glutathione (GSH) content, and the activities of catalase (CAT), super—
oxide dismutase (SOD) and glutathione S-transferase (GST) were more decreased in PPD-applied groups
than in controls. Even though the activities of XOD was not changed in the group treated with PPD 3 times,
the decreased activities of oxygen free radical system and the damaged skin tissue were observed. This result
might be caused by the production of toxic PPD metabolites in rat skin. In conclusion, topical PPD application
led to skin injury in a dose-dependent manner, probably due to the generation rate of oxygen free radical.
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sumura =-2] 3 (29)o we} 2]l == inorganic phos-
phorusZ &4 8} = Fiske2} Subbarow2] ¥ (30)4l 3141
t}. Xanthine oxidase(X0)] 48 Yoon?] ¥ (31), su-
peroxide dismutase(SOD)<| &4 % Martin 52 ¥ (32),
catalase(CAT)2] &-4-2 Aebi®] 84 (33) 2 glutathione S-
transferase(GST)2] 241+ Habig %94 Hhe(34)9]] st ch.

sl

& glutathione(GSH) &tz —E—’ﬁl

7] Z 313 GSH 32 Ellman®] W (35)] &3hi vt

L Lowry 52 W (36) £312
2] A 28] = Student’s t-test(37 Z 2]

PPD mjRTxof 28t n|fx% &4

Tk QA L] R0 2 ALEE = PPDE H -
Yehthe sz 324 HWalE fae A 7§
ulek Al E (basal cell) 2} A ¥ 7HA A E(spinous cel)®]
Felo] FarE oo, 34 *ﬂ:‘”t(granular cell) 52| 32
o] A A Ygket(Fig. 1. 1a 2
293 AIAEEL] A EAA
ANAZE B A=A EL] Fol] 5
F7t F7hE 2%

1b). 53] PPD R E oA &= Al =

| _/.l:_/\l-
ESIES
F
‘_l'lo
7
) 2a). 33 PPD 3ol 4
& Z7be 3 whea) 2.9}
e ¥rt ol A xS
A= v F" mgolsivh(Fig. 1

AR e} 27}t v 2o 7]

—

L

L

[}



1332 o)AbE] - 2H I . o]AMY

Fig. 1. Micrographs of skin tissue treated with topical PPD
3 or 5 times, stained with H & E stain.

Bar=50 um. la) control; The tissue structure is intact. K: keratin.
E: epidermis. 1b) PPD-applied group (3 times); The cell layer of
stratified squamous epithelium. (E) is increased compared with
control. K: keratin. E: epidermis. 2a) control; The tissue structure
is intact. K. keratin. E: epidermis. 2b) PPD-applied group (5
times); Epidermal epithelium (E) is thickened with increased ker—
atinization (K), and fibroblasts (arrow head) are increased in der—
mis. K! keratin. E: epidermis.

AE2] 7} F7hste] A9 So] v FE G, Aty S
7o} A A=) & o ARRAEY 4 27171 #akE gl
(Fig. 1. 2b).

4, PPDE AR FEY F¥-o 33 == 53 =2 A
& x| R332 29 ACP 4 G6Pase H5-& #23 23 (Table
1), ACP2] &4& 33| PPD EEToA & HrlE WX
$9l.ov, 53 PPD Ex7-2 dl&T o Bl < 18% 713}
£ A o] vtebydtl 2] 31 G6Pase 8442 33 PPD =27
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Table 1. Effect of topical application with PPD on dermal
ACP and G6Pase activities

Enzymes ) 2
Groups ACP GbPase
Three  Control 1.58+0.21 441063
times PPD 1624018 2.10£0.02"
Five Control 1.20%=0.15 4,12%+0.32
times PPD 1411041 2.01+043"

Each value represents the mean£SE (n=6). The assay proce-
dure was described in the experimental methods.

Unit: “iM/hr/mg protein. “nmoles Pi formed/20 min/mg protein.
Significantly different from each control group (“p<0.01).
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Fig. 2. Effect of topical application with PPD on dermal XO
activities.

Each value represents the mean ™ SE (n=6). Asterisk indicates
significant difference between control and PPD-applied group
("p<0.01). C: control, 3P: PPD treated group (3 times), 5P: PPD
treated group (5 times).

ETE Q&) u)E) 2.18(p<0.01) A A ZErlsld et

Oxygen free radical siFA| 24 24 3 S9Y glu-
tathione(GSH) &2t

PPDE AR EE2] ¥ o) 33 =53] = EA7] ¥ 9]
%4 % SOD, CAT ¥ GST® 4 W53 GSHY &
T2 Bag o) Table 2 4 Fig. 301t}

Table 2. Effect of topical application with PPD on the ac-
tivities of dermal oxygen free radical scavenging enzymes

Enzymes

1 ) )
Groups SOD CAT’ GST
Three Control 20.75%6.32 15.00F1.00 28.82%4.21
times PPD  1442+1.02" 137%394 1522+287
Five Control 1880%£0.97 1471050 29.62*1.18
times PPD  14.84%1.10" 7.49%£103" 1565185

Each value represents the mean*SE (n=6).

Unit: Y509 inhibition of autoxidation of hematoxylin/mg pro—
tein. Preduced Hz0z nmoles/mg protein/min. *nmoles thioether/
mg protein/min.

Significantly different from each control group ('p<0.05, “p<
0.01, ""p<0.001).
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Fig. 3. Effect of topical application with PPD on dermal GSH
contents.

Each value represents the mean®SE (n=6). Asterisk indicates
significant difference between control and PPD-applied group
("p<0.05, ""p<0.001). C: control, 3P: PPD treated group (3 times),
5P: PPD treated group (5 times).
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