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4 -Tertiary butyl catechol (TBC) causes depigmenta­
tion in humans and animals and stimulates formation of 
pheomelanosomes. In this study, we investigated the 
effects of noncytotoxic doses of TBC on glutathione S­
transferase (GST) activity in the skin of Used strain 
mice and Bl6 murine melanoma cells in culture, in 
relation to changes in activities of glutathione reductase 
(GR) and -y-glutamyl transpeptidase (GGT) reported to 
be involved in pheomelanogenesis. Occurrence of pheo­
melanosomes in skin melanocytes was demonstrated by 
electron microscopy and reduction (25%) of eumelanin 
content in melanoma cells was shown by spectropho­
tometry. Topical application of 1 M TBC-DMSO-acetone 
solution on the ear skin elevated GST activity about 
27%, and activities of GGT and GR to 35% and 19%, 
respectively, within 1 week. Melanoma cells cultured in 
10-4 M TBC-containing medium for 2 h showed no 
changes in GST and GGT activities, but 12% increase of 
GR activity during the first 12 h. Activities of all 3 
enzymes was elevated (11-17%) 24 h later. The eleva­
tion detected by 48 h was 25% for GST, 26% for GGT, 
and 14% for GR. The findings were interpreted to show 
that depigmentation produced by the antioxidant results 
from stimulated pheomelanogenesis through activation 
of glutathione-metabolizing enzymes and suppressed ox­
idation of eumelanin intermediates. 

4-Tertiary butyl catechol (TBC) is an antioxidant that causes 
depigmentation in humans [1,2]. Electron microscopic studies 
have shown that pheomelanosomes appear in melanocytes of 
pigmented mouse and guinea pig ear skin after TBC treatment, 
indicating that TBC depigmentation may result from stimula­
tion of pheomelanogenesis and inhibition of eumelanogenesis 
[3,4). Cysteinyldopa is a key intermediate of pheomelanin [5). 
Although cysteine and dopa or dopaquinone combine nonen­
zymatically to form cysteinyldopa (6,7). enzymatic conversion 
of glutathionedopa to cysteinyldopa by -y-glutamyltranspepti­
dase (GGT) has been reported [8] . Hu and Buxman histochem­
ically demonstrated the presence of GGT in normal and trans­
formed melanocytes engaged in pheomelanogenesis [9,10). 
Prota and his coinvestigators proposed that glutathione reduc­
tase (GR) and the reduced form of glutathione (GSH), may 
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a lso play a regulatory role in pheomelanogenesis (6,11]. Con­
firming this view, Benedetto et al detected higher levels of both 
GSH and GR activity in skin with pheomelanogenesis than in 
skin with eumelanogenesis (1 2). Yonemoto et al found t hat 
TBC-induced pheomelanogenesis also was associated with an 
elevation of GR activity in the skin and both GR and GGT 
activities in tissue-cultured human melanoma cells [13,14]. 

In order to further elucidate enzymatic mechanisms involved 
in chemically stimulated pheomelanogenesis, we investigated 
effects of TBC on glutathione S-transferase (GST), another 
glutathione-metabolizing enzyme. Antioxidants are known to 
activate GST which conjugates GSH with a wide variety of 
int racellular electrophilic agents (15,16]. Both pigmented 
mouse ear skin and melanoma cells were treated with TBC, 
and GST activity was measured simultaneously with GR and 
GGT activities. The enzymatic changes were correlated with 
pheomelanosome formation in melanocytes of the ear skin and 
reduction of eumelanin content in the tissue-cultured cells. 

MATERIALS AND METHODS 

Materials 

Ma le, 2-mont.h -old Used strain mice were raised and maintained at 
t he University of Cali fornia, San Francisco. Murine B16 (HFH18) 
melanoma cells were kindly provided by Dr. F. Hu, Un iversity of 
Oregon . TBC, purchased from Aldrich Chem ical Co., Milwaukee, Wis­
consin, was dissolved in a mixture of dimethyl sulfoxide (DMSO) 
obta ined from Sigma Chemical Co., St. Louis, Missouri , a nd acetone 
(3v:7v) at the concent ration of 1 M for in vivo study and in DMS0 at 
10-• M for in vitro study. Eagle's minimum essential medium with 
Hanks' salts (MEM), basal medium Eagle (BME), fetal bovine serum, 
pen icillin, and streptomycin were obtained from Grand Island Biolog­
ical Co., Gra nd Island, New York. Isotonic diluent was purchased from 
Curta in Matheson Co., Brisbane, California, and Soluene-100, from 
Packard Instrument Co., Downers Grove, Illinois. Al l subst rates a nd 
cofacto rs ca me from Sigma Chemical Co., except for l -ch loro-2,4-
dinitrobenzene (CDNB) which was purchased from Aldrich Chemical 
Co. 

TBC Application to Ear Skin and Electron. Microscopy 

M ice were divided in to 2 groups. The ears of each group were painted 
3 times with about 0.1 ml of eit her 1 M TBC solu tion or DMSO-acet.one 
(3v:7v) only, at 48-h intervals. The ears were removed 24 h after the 
last application. Sk in s lices taken from the ears of 3 mice in both 
groups were prepared for electron microscopy. Photos magnified 
45,000x were used for detection of pheomelanosomes according to t he 
methodology reported by Nishimura et al [4] . 

TBC Treatment of Bl6 Melanoma Cell.~ and Determinatiori of 
Eu.melanin Content 

Cells (about. 3 X 106) were seeded into eac h 75-cm2 flask and grown 
in MEM suppleme nted with 10% fetal bovine serum, 50 U/m l penicillin 
and 50 µg/ ml streptomyci n under a humidified atmosphere of 5% 
C02:95 % air. By t.he 6th day afte r seeding t he tissue-cultured melanonia 
ce lls, the medium in a set of 15- 20 flasks was changed to BME 
containing TBC at a fina l concentration ranging from 10- 3 

M to 10- 7 

M. For controls, melanoma cells in a comparable number of flasks were 
treated with BME containing only DMSO in the appropria te concen­
tration. Two hou rs later the BME with TBC or with DMSO w13s 
decanted and the cells were a llowed to grow in MEM with se run1 for 
additional time periods. Eumelanin content. was est imated colorimet.­
rica lly using the methods described by Oikawa and Nakayasu [1 7 ]. 
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Melanoma cells were detached from t he flasks with 2 mM EDTA in 
phosphate-buffered saline at 0, 24, and 48 h after treatment; aliquots 
o f' 2 x 106 cells were precipitated with 5% t richloroacetic ac id and 
washed with 0.1 N NaOH . T he alkali -insoluble fraction was dissolved 
in 2.0 ml of Soluene-100 a nd t he absorbance at 400 nm read on a 
Perkin-Elmer spectrophotometer. Cell numbers were counted in iso­
ton ic diluent using a n electro Model ZBI Coult.er Counte r (Coulter 
Electronics Inc. , Hialeah, F lorida). 

Enzyme Assays 

About 6 mm X 4 mm of skin conta ining tota l epidermis and super­
ficia l dermis was excised from both ears of 14 and 12 mice t reated wit h 
TBC or DMSO-acetone, repectively. Ear t issues were also obtained 
from 6 mice that received no t reatment, as a n additional contro l. They 
were washed in cold 25 mM sucrose in 50 mM T ris-H Cl buffer, pH 7.0. 
Each tissue slice was minced, homogenized in the same buffer at 4 °C 
20 times wit h a glass homogenizer, and furt her with a Polytron homog­
enizer at max imum in tens ity for 15 s, and repeated 3 times at 5-s 
intervals. Culture was te rminated by scraping cells in 20 mM Tris-H Cl 
buffer, pH 7.4, containing 0.14 M sucrose at 12, 24, and 48 h afte r 
treatment. T he cells treated wit h TBC and t hose t reated with DMSO 
only were separate ly suspended in 10.0 ml of the same buffer. They 
were homogenized and centrifuged by t he same tech nique used fo r ear 
t issues. The supernatan ts were used for assays of GR and GST, wh ile 
the tota l homogenate was used fo r GGT assay. The enzyme assay was 
done with t he t issue sample prepared from each ear, but with t issue­
cul tured cells, CST was measured in cells from 1 flask, while GGT and 
GR were assayed in cells from 2 combined fl asks. 

GGT assay: The cell homogenate, 0.1 ml , was added to 0.9 ml of the 
transpeptidase substrate solution conta ining 2.5 mM L--y-glu tamyl -p­
nit roanilide, 20 mM glycyl-glyc ine, 75 mM NaCl, and 50 mM Tris-H Cl 
buffer, pH 8.0, and incubated for 1 h at 37°C wit h constant stirring. 
T he reaction was terminated by the addition of 1.0 ml of 3 N acetic 
ac id a nd t he absorbance o f p-nitroa niline released was measured spec-
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trophotometrica lly at 410 nm I 18]. The activity was expressed as 
nmoles of p-nitroaniline released/min/ mg protein. 

GR assay: The supernatant, 0.3 ml, was added to 1.7 ml of a reaction 
mixture consisting of 0. 2 M Tris-HCl buffer, pH 7.02, JO mM EDTA 
0.1 mM NADPH, 0.6 mM oxidized-form glu ta thione, and 0.5% bovin~ 
serum albumin. The oxidation rate of the cofactor NADPH was meas­
ured in a t hermostatted cell compa rtment at 37°C by a dec rease in 
absorption at 340 nm using the spectrophotometer conn ected to a 
Perkin-Elmer reco rder (Model 56) [19,20]. T he activi ty was expressed 
as nmoles of NADPH oxidized/ min/mg protein. 

CST assay: The reaction mixture contained a total volume of 2 ml 
consisting of 0.2 ml of t he enzyme source, 0.1 M potassium phosphate 
buffer, pH 6.5, 1 mM CDNB, and 4 mM GSH. Since the substrate was 
poorly soluble in water, t he stock solu t ion was prepa red as a 25 tnM 
ethanol solu t ion. It was placed in a thermostatted cell compartment a t 
25°C and cha nges in absorbance at 340 nm were monito red 121 ]. The 
rate of nonenzymatic conjugation was measured by t he absorbance of 
t he reaction mixture replacing the enzyme source with 0.1 M potassium 
phosphate buffer to be subtracted from the sample rate. The aclivity 
was expressed as nmoles of conjugated CDNB/min/ mg protein. 

Protein Concentration 

Protein was measured by the method of Lowry el al [22] using bovine 
serum albumin as the standa rd. 

RESULTS 

In Vivo Studies 

Electron microscopic findings : Differe n t stages of eumela n o­
somes were observed in melanocytes of skin treated with 
DMSO-acetone a lone, while a n a ltered form of melanosomes 
classified as pheomelanosomes by Nishimura et a l [ 4], w e r ~ 
seen in t h e TBC in DMSO-aceton e-treated s ites (Fig 1) . 

Enzyme activities: All enzyme activities were elevated in ear 

.:\_ N 

FIG 1. Melanocytes in t he ear of Used stra in mice t reated wi t h OM SO-acetone a lone (A), a nd 1 M TBC in DMSO-acetone (B) . All 
mela nosomes in A are considered to be eumela nosomes, while many melanosomes in Bare classified as pheomela nosomes; t he arrows point out 
some examples. Insets a re typica l melanosomes of different stages observed in those melanocytes: melanized premelanosomes ( C), mature 
eumelanosomes (D), premelanosomes which a re round in shape, containing tubular structures (E) , a nd alte red melanosomes showi ng irregular 
depos ition of electron -dense material (F). 
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tissues after TBC application as compared with t hose in 

DMSO-acetone-treated ear t issues (Table I). Increases were 

27 %, 19%, and 35% of t he specific activities of GR, CST, and 

GGT, respectively. The differences were statistically significant 

as indicated by the p values. The enzyme levels detected in the 

DMSO-acetone-treated tissues did not differ from t hose de­

tected in 6 nontreated mouse ears (GST: 211 ± 17 nmol/min/ 
mg protein. GR: 131 ± 5 nmol/min/mg protein) . 

In Vitro Studies 

Eumelanin content and cell counts: Table II summarizes the 

findings. With 10- 7 M TBC, the eumelan in content of treated 

cells did not differ from that of control cells. As the concentra­

t ion of TBC increased to the range of 10- 5- 10- 3 M, eumelanin 

content decreased. The maximum reduction was seen at the 

concentration of 10-a M TBC and t he eumelanin content be­

came 60% of the control values. However t hi s concentration 

was tox ic to t he cells and ce ll numbers were reduced to 65 %. 

Therefore, for the enzyme assay studies, we treated the cells 
with 10- • M TBC; t his concentration causes a 25% depression 

in eumelani n content without detectable effects on cell number. 

Time course of decrease in eumelan in content in cells treated 

with 10- • M TBC is shown in Table III. Treated cells contained 

less melanin t han controls by both 24 and 48 h. In some 
experiments we attempted to electron microscopically correlate 

the appearance of pheomelanosomes. However ultrastructure 

of melanosomes in Bl6 melanoma cells was altered from me­

lanocytes even without any chemical treatment. It was there­

fore concluded that data from a small number of cells are not 

re liable, and are not included in the present study. 
Enzyme activities (Fig 2): GR activi ty in TBC-treated cells 

showed a 12 ± 6% elevation as ea rly as 12 h, and continued to 

be higher than DMSO-acetone-treated cells t hroughout the 

experimenta l period (14 ± 3% fo r 24 h, and 14 ± 6% for 48 h) . 

GGT showed no significant difference at 12 h, but it began to 

elevate at 24 h (11 ± 6%) and reached a 26 ± 14% increase 

after 48 h. S imilarly, GST activity did not change during t he 

first 12 h, but it started to increase by 24 h (17 ± 11 %) and 

showed a 25 ± 9% elevation by 48 h after t reatment. 

DISCUSSION 

GST activity increased in both ear skin and Bl6 melanoma 

cells t reated with TBC. The elevation occurred after increase 

in GR activity, when GGT activity a lso increased. The treated 

cells in t he skin revealed pheomelanosomes and those in vitro 

a decreased eumelan in content. Eumelanin content in the skin 

remained unchanged because TBC treatment was carried out 

for only 1 week. Similarly, clear identification of newly fo rmed 
pheomelanosomes in Bl6 melanoma cells by electron micros­

copy was not possible and data are not included because the 

melanosomes of nontreated melanoma cells already showed 

much greater variation than normal melanocytes. Nevertheless 

we conclude that TBC causes two primary changes in cellular 

metabolism of pigmented cell s: one is to reduce eumelanin 

content and the other is to increase glu tathione-metabolizing 
enzyme activities and form pheomelanin. 

Usami et al reported that TBC is not an inhibitor or a 

substrate for tyrosinase at the concentrations used [23]. The 
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reduction of eumelani n content t herefore appears to result from 

an antioxidant effect of TBC on eumelanin precursors, al ­

though t here has been no direct chemical study to demonstrate 

that TBC inhibits oxidation of eumelan in intermediates. How­

ever, quantitative electron microscopic analyses performed by 

Ni shimura et a l J4J support thi s possibility. T hey obse rved ·a 

stat isti cally signifi can1 increase of nonmelani zed pre(eu)­

melanosomes and a dec rease of ma ture eumelanosomes in the 
TBC-treated skin. 

The second metabolic change, elevation of glutathione-me­

tabolizing enzymes detected in the present study, may also be 

a direct effect of TBC as an antioxidant. Benson et al reported 
induction of hepatic GST by feeding mice with 2(3) -tert-butyl-

4-hydroxyanisole (BHA) or l ,2-dihydroxy-6-ethoxy-2,2,4-tri ­
methylquinoline (ethoxyquine) (15]. Sparnins and Wattenberg 

also showed that antioxidants including phenolic compounds 

increase GST activity and acid-soluble su lfhydryl levels in 

mouse forestomach (16]. More indirect evidences for ant ioxi ­

dant effects on glutathione-metabolizing enzymes have been 

reported by others investigating li fe span and aging of expe ri ­

mental animals [24- 26). We consider that TBC caused the 
antiox idan t effects in pigmented cells and this nonspecific cell 

reaction led to the formation of pheomelanins due to the 

presence of unique cell metaboli tes, i.e., dopaquinone and other 

melanin intermediates. GSH generated by GR binds to the 

in termediates. Conjugation of GSH with dopaquinone to form 

glutathionedopas could occur without enzymatic intervention 

[27). The presence of CST, however, enhances this binding 

because CST conjugates GSH with a wide variety of electro­

philic substances including dopaquinone (28]. GGT, then , is 

involved in t he conversion of glutathionedopas to cysteinyldo-

TABLE ll. Effect, of different concentrations of ·'/-tertiary butyl 

calecho/ (TB CJ on eumelanin content and cell counts of B /6 melanoma 

cells. expressed as percent of the values obtained in B /6 melanoma cells 
treated with DMSO alone 

Concentration Eumelanin Ce ll 
cont ent nu,nbe r 

of TB C' <"o) <"• 1 

10-7 M 106.l ± 7.2" 102.0± 4.1 " 
10-'' M 89.8 ± l 1.5 111.4 ± 14.2 
10- ·I M 74.3 ± 6.3 103.6 ± 9.1 
10- ~ M 59.7 ± 8.9 65.2 ± 12.4 

" Mean ± SE was calculated from data of J separate experiments. 

TABLE Ill. Ewn.elanin conten t in 81 6 melanoma ce/ls at different 

times after J0- 4 M 4- lertia,y butyl catechol (TBCJ treatment 

H ourg nft er t rent rnent 
Trent me nt 

0" 24 48 

DMSO 0.46 ± 0.03 0.44 ± 0.05 0.50 ± 0.04 

TBC in DMSO 0.4 3 ± 0.05 0.33 ± 0.01 0.37 ± 0.02 
p value NS " < 0.01 <0.05 

Values represent absorbance at 400 nm detected in 2 X IO" ce lls. 

Mean ± SE calculated from data of 3 sepa rate experiments. 
" Cells were collected immediately aft.er 2- h incubation in TBC­

containing medium . 
1
' Not. s ignificant. 

TABL E J. Effect.~ of 4-tertiary buty l catechol 0 11 specific activities of g/uUzlhione S -transferase, glutathione redticlase, and y-g/utamyl 

transpeptidase in the ear shin of Used st.rain. mice 

En1.ymes 

Glutath ione S-trazrnf"erase 
Glutathione reduct.ase 
y-G lutamyl transpept idase 

" Mea n value ± SE. 

Spec ific acl ivit ies (nmol/ min/ mg prote in) " 

DMSO-acetonc 

2 18 ± 46 (6)0 

134 ± 7 (10} 
:35 .0 ± 4.0 (8) 

I M TBC' in 
DM SO-acl' tonc 

276 ± 45 (10) 
159 ± 8 (10) 

47.4 ± 10.2 (8) 

• Number of ear t issues used for the enzyme assay a re shown in parentheses. 

pw1lue 

< 0.05 
<0.01 
< 0.01 
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Hours after TBC treatment 
F1G 2. Time course in changes of enzymatic activities- glu tathione 

reductase (GR), -y -glutamyl transpeptidase (GG7'}, and glutathione S­
transferase (GST) - in 81.6 mela noma ce lls afte r TBC t reatment. The 
ac tivities are expressed as percent activity of control ce lls treated with 
DMSO alone shown as brohen Jines at 100%. I indicates mean and SE 
calculated from 4 separate experiments. Statistica l difference is indi­
cated by p value on t he top of each bar. N.S. = not significant. 

pas. As s uggested by Prata, pheomelanogenesis m ay represent 
a scaven ger mechanism (6] . It is even possib le that pheomela­
n ogenesis may be en hanced by the accumulation of eumelanin 
in termediates in cell s by TBC. Cytotox icity of eumelanin in­
termediates have bee n reported by Pawelek et a l [29] . 

The re are a number of c hemical depigmenting agents, and 
som e have been used as therapy for hype rpigmentation . The 
most re presentative ch emica l m ay b e hydroquinone [30] . De­
spite the ir th e rapeutic efficacy, t he role played by these chem­
ica ls remains unknown. N eve rthe less, hydroquinone is a lso an 
a ntioxidant a nd not a tyrosinase inhibi tor (31]. The presen t 
findings with TBC may provide a n expe rimental model to 
investigate t he molecula r action o f other m o re commonly used 
ch emical dep igmen ti n g agen ts. 
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