
Skin Tumor-Promoting Activity of Benzoyl Peroxide, a 

Widely Used Free Radical-Generating Compound 

Abstract Ben& peroxide, a utidely u ~ e d  ji ee rtidic nl-gerreratwg cott~poutrd, 
prornotecl both papilloma7 and carcinomac whctl tt Tr3tis toprcully applred to mx*e 
cijter 7 12-dirnethylben:[a]ai~thtacene  niti inti on Benzoyl pvronide Isah inm twt' O I I  

the skin as a complete carcinogen or a6 a tzmor rnit~ntoi A tingle toprcnl applrc nttot~ 
of benzoyl peroxide prodzlced a marked ep~dernlnl hyperplnsia and induced rr larq. 
number of dark bawl  kc~rntinocytes, effects similar to those produred by the potent 
tumor promoter 12-0-tetradecanoyl phorbol-13-acetate. Benzoylperoxide, like othrr 
known tumor promotel:, , also inhibited metabolic cooperation (intercrllulnr cornmu- 
niration) in Chrne~e  hamrter cell,. In viekt o f  therc  result^ c ciutiori rhould be 
recommended in the use o f  this and other free rudzcal-generating  compound^. 

Skin tumors can be induced on mice 
by a wide variety o f  chemical carcino- 
gens or by ultraviolet light (1) .  Most 
chemical carcinogens have to be given 
repetitively to induce a large number o f  
tumors (1, 2) .  Skin tumors can also be 
induced by application of  a subthreshold 
dose o f  a carcinogen (initiation phase) 
and subsequent repetitive treatment with 
a weak or noncarcinogenic promoter 
(promotion phase) (2). The initiation 
phase requires only a single application 
o f  either a direct or indirect carcinogen 
(metabolic activation is necessary) and is 
essentially irreversible. 'The promotion 
phase is reversible at first but later be- 
comes irreversible (2). Every known 
skin carcinogen, when appropriately 
tested, has been shown to have initiating 
activity. However, urethane and several 
polycyclic aromatic hydrocarbons and 
derivatives (3) appear to act only as 
initiators, and not as complete carcino- 
gens, on mouse skin. 

The promotion phase o f  two-stage skin 
carcinogenesis in mice can be accom- 
plished by repetitive treatment with cro- 
ton oil, certain phorbol esters found in 
croton oil, some synthethic phorbol es- 
ters. certain euphorbia latices, Anthra- 
lin, a number of  phenolic compounds, 
certain fatty acid methyl esters, certain 
long-chain alkanes, surface-active agents 
such as sodium lauryl sulfate and Tween 
60, citrus oil, iodoacetic acid, and ex- 
tracts o f  unburned tobacco and tobacco 
smoke condensate (2. 4). Benzo[e]py- 
rene (5), 1-fluoro-2, Cdinitrobenzene (6), 
and dihydroteleocidin B (7) reportedly 
have skin tumor-promoting activity. 

The phorbol ester tumor promoters, as 
well as many o f  the other promoters, 
cause morphological and biochemical 
changes in the skin in addition to inflam- 
mation and epidermal hyperplasia (2, 8). 
Of the observed tumor promoter-related 
effects on the skin. the induction o f  epi- 
dermal cell proliferation, ornithine de- 
carboxylase, and dark .basal keratino- 
cytes show the best correlation with pro- 
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moting activity (9) .  O f  the various short- 
term tests used to detect possible tumor- 
promoting agents: the two-stage 
transformation system in mouse embryo 
10T1/z cells (10) and the inhibition o f  
metabolic cooperation (intercellular 
communication) in Chinese hamster V79 
cells (11) show the best correlation with 
tumor-promoting activity o f  a wide vari- 
ety o f  compounds. 

Benzoyl peroxide is a widely used free 
radical-generating compound with an es- 
timated production o f  7 million pounds 
per year (12). It is primarily used in the 
polymer industry as a polymerization 

initiator, as a curing agent, and as a 
cross-linking agent. It is also used as an 
additive in cosmetics and pharmaceuti- 
cals, especially those related to the treat- 
ment o f  acne. When benzoyl peroxide 
was shown to cause mitation o f  human 
skin (13), it came under scrutiny as a 
potential car-cinogen. In earlier skin- 
painting studies, benzoyl peroxide had 
shown negative results as a carcinogen 
(14). Because the hyperplastic and mor- 
phological effects o f  benzoyl peroxide on 
mouse skin (15) are similar to those o f  
the strong promoter 12-0-tetradecanoyl 
phorbol-13-acetate (TPA), and because 
free radicals may be important in tumor 
promotion (16), we tested benzoyl per- 
oxide as a skin tumor promoter. Our 
results show that. although benzoyl per- 
oxide is not a complete skin carcinogen 
or a skin tumor initiator, it is an effective 
promoter o f  both papillomas and squa- 
mous cell carcinomas (Table 1 ) .  

Even at a dose of  40 mg given twice 
weekly for 1 year, benzoyl peroxide was 
not effective as a complete carcinogen. 
Benzoyl peroxide did not show any tu- 
mor-initiating activity whcn it was ap- 
phed once dt various dose levels, with 
subsequent repet~tive applicat~ons o f  the 

Table 1. Tumor-initiating and tumor-promoting activities and skin carcitiogei~~city of benzobl 
peroxide in Sencar mice. Female Sencar micc, origil~ally obtained f'l-om K. K.  Boutwell. 
Madison. Wisconsin, are now being raised at Oak K~dge, Tennessee. M u ,  7 to 9 weeks old, 
were shaved with surgical clippers 2 days before the tieatme~rt, and only those in the resting 
phase of the hair cycle were used. Thirty animals were used for each treatment group. Groups 1 
to 5 received a single topical application of 10 n~nolz of DMBA in 0.2 ml of acetone. or acetone 
only (group 5). After 1 week, groups 1 to 4 received tuprcdl applications of various dose levels of 
benzoyl peroxide twice weekly for 52 weeks. Croup5 6 to 10 received one topical application of 
various dose levels of benzoyl peroxide in 0.2 ~ u l  of acetone, or acetone only (group lo), and 
after 1 week were given applications of 2 kg of I'PA twice weekly for 52 weeks. Groups 11 to 15 
received topical applications of various dose levels of benzoyl peroxide in 0.2 ml of acetone, or 
acetone only (group IS), twice weekly for 52 weeks. The number and incidence of papillomas 
and carcinomas were recorded weekly; they were removed at random for histological veri- 
fication. Details of the prucedures for the skin tumor induction studies have been described (5). 

Amount of Mice Papillurnas Mice with Mice with 
benzoyl alive per mouse papillomas carcino- 

Croup peroxide at 30 at 30 at 30 mas at 
per applica- weeks weeks weeks 52 weeks 

tion (mg) (No.) (NO.) @) (56) 
-- . -. - ~ 

Tumor-promoting activilj (a.ffer DMBA initiation) 
1 1 29 0.8 32 4 
2 10 28 3.8 72 22 
3 20 27 5.2 79 43 
4 40 24 5.4 85 40 , 

5 Acetone* 28 0.03 3 0 
Tumor-initiating activity (wilh TPA promotion) 

6 1 29 0. I 10 0 
7 10 28 0.1 10 0 
8 20 28 0.1 10 0 
9 40 27 0.2 15 0 

10 Acetone* 29 0.2 15 0 
Complete car'cinogerlic. ~zrfivitj 

11 1 28 0 0 0 
12 10 29 0.03 3 0 
13 20 27 0.03 3 0 
13 30 25 0.03 3 0 
15 Acetone" 29 0 0 0 

.. - - .~ 

*Acetone only, 0.2 ml. 



known promoter TPA. However, when 
benzoyl peroxide was applied topically 
twice weekly after initiation of tumors 
with 7,12-dimethylbenz[a]anthracene 
(DMBA) it proved to be an effective 
promoter with a reasonable dose-re- 
sponse relationship. As little as 1 mg 
given twice weekly produced a signifi- 
cant number of papillomas and carcino- 
mas. The tumor response appeared to 
plateau at a dose level of 20 mg, with 79 
percent of the mice developing papillo- 
mas (average of 5.2 papillomas per 
mouse at 30 weeks). At the same dose 
level, 40 percent of the mice developed 
squamous cell carcinomas at 52 weeks. 
Benzoyl peroxide also increased the tu- 
mor response in a dose-dependent man- 
ner when it was given simultaneously 
with TPA (data not shown). Separate 
experiments on skin carcinogenicity and 
tumor-initiating and -promoting activi- 
ties of benzoyl peroxide gave results 
similar to those above. 

When TPA and other tumor promoters 
are applied topically to the backs of 
mice, they cause inflammation and epi- 
dermal hyperplasia. However, not all 
agents that cause inflammation and hy- 
perplasia are tumor promoters (8). Fur- 
thermore, tumor promoters induce the 
appearance of dark cells, electron-dense 
ribosome-rich basal keratinocytes, 
which are intensely stained with tolui- 
dine blue in semithin Epon sections. We 
have found a good correlation between 
the dark keratinocyteinducing capaci- 
ties of several promoters and their 
respective promoting efficiencies (9). 
When a promoting dose of benzoyl per- 
oxide is applied topically to the backs of 
mice, it induces epidermal hyperplasia 
and morphological changes similar to 
those caused by TPA (Fig. 1). At 48 and 
72 hours after benzoyl peroxide treat- 
ment, hyperplasia was marked and 
there were a large number of dark kera- 
tinocytes (approximately 15 percent of 
the total basal cell population). In normal 
adult mouse skin, the dark keratinocytes 
represent 2 to 3 percent of the total basal 
cell population. The hyperplastic epider- 
mis was about 100 p,m thick (normal 
epidermis is 25 pm thick) and was char- 
acterized by increased surface keratini- 
zation as well as an increase in the 
number of spinous and granular layers 
(Fig. 1A). The dermis showed moderate 
leukocyte infiltration, and the hair folli- 
cles and sebaceous glands appeared nor- 
mal. 

The efficiency with which tumor pro- 
moters eliminate metabolic cooperation 
in Chinese hamster cells is correlated 
with tumor-promoting activity (11). 
Wild-type Chinese hamster V79 cells (6- 

Table 2. Effects of benzoyl peroxide on the 
recovery of 6-thioguanine-resistant Chinese 
hamster V79 cells. The procedure has been 
described (11); S.E., standard error. 

Dose Recovery 
0r.dmU (% + s.E.) 

Benzoyl peroxide 
0 18.6 + 1.81 
0.1 28.5 2 1.12 
0.5 24.5 5 2.08 
1 .O 36.5 + 1.66 
1.5 46.6 2 2.63 

TPA 
0.01 109.6 + 6.07 

thioguanine-sensitive) reduce the recov- 
ery of 64hioguanineresistant cells- 
when they are cultured together at high 
densities--through a form of intercellu- 
lar communication (11). The phorbol es- 
ter tumor promoters effectively inhibit 
this metabolic cooperation, and benzoyl 
peroxide also inhibits it in a dose-depen- 
dent manner (Table 2). The mechanism 
by which benzoyl peroxide promotes 
skin tumors may thus result from mem- 
brane changes caused by free radicals 

Fig. 1. Histological sections of skin from 
Sencar mice (Epon-toluidine blue, x250) 48 
hours after treatment with one single topical 
application of 40 mg of (A) benzoyl peroxide 
or (B) acetone. The benzoyl peroxide-treated 
skins (A) show a marked epidermal hyperpla- 
sia and hyperorthokeratinization; numerous 
dark basal keratinocytes (arrowheads) are 
seen in the interfollicular and infundibular 
epidermis. In the acetone-treated (control) 
skin (B), the epidermal layers are thin and 
lack dark basal keratinocytes. The histologi- 
cal procedures have been described (9). 

that are generated by benzoyl peroxide. 
The phorbol ester tumor promoters 

cause many other membrane changes 
and interact with specific membrane re- 
ceptors (17). A rapid decrease in large 
external transformation-sensitive glyco- 
protein, an increase in 2-deoxyglucose 
transport, alterations in membrane fluid- 
ity, an increase in phospholipid synthe- 
sis, changes in ion movement, and inter- 
action of TPA with epidermal growth- 
factor receptors have been reported (17). 
These membrane changes are believed to 
be instrumental in the altered phenotype 
induced by TPA. 

Free radicals may play an important 
part in the carcinogenic effects produced 
by radiation and chemicals (18). Al- 
though the role of free radicals in radia- 
tion-induced carcinogenesis is widely ac- 
cepted, their role in chemical carcino- 
genesis has been questioned because of 
the importance of electrophiles interact- 
ing with critical nucleophiles in macro- 
molecules. However, if chemical carcin- 
ogens act by a mechanism of initiation 
and promotion, the initiation phase could 
involve a critical interaction of electro- 
philic forms of carcinogens with some 
cellular nucleophile (19), and the genera- 
tion of free radicals during the promotion 
phase could lead directly or indirectly to 
membrane peroxidation. Other evidence 
also suggests that free radicals are im- 
portant in tumor promotion. (i) Phorbol 
ester tumor promoters stimulate super- 
oxide anion radical production by human 
polymorphonuclear leukocytes (16). (ii) 
The tumor promoter-induced free radi- 
cals are inhibited by antipromoters such 
as protease inhibitors, retinoids, and 
anti-inflammatory steroids (20); we 
found that the antioxidants butylated hy- 
droxyanisole (BHA) and butylated hy- 
droxytoluene (BHT) are potent inhibi- 
tors of TPA promotion (21) and of chemi- 
cal carcinogenesis in general (22). (iii) 
Other free radical-generating com- 
pounds, such as chloroperbenzoic acid, 
lauroyl peroxide, and 2,2'-azobis-2- 
methylpropionitrile, are effective skin tu- 
mor promoters (23). In view of these 
results, caution should be recommended 
in the use of benzoyl peroxide and other 
free radical-generating compounds. 
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Calcium-Dependent Prolonged Effects on Melanophores of 

Abstract. A single injection of the melanotropin analog [4-norleucine, 7-0- 
phenylalanine]-a-melanotropin into frogs (Rana pipiens) caused near maximum 
darkening of the skins of the frogs for at least 6 weeks. Injections of the natural 
hormone a-melanotropin or of the analog [Nle4]-a-melanotropin also caused darken- 
ing, but this effect lasted only a few days. Morphological examination of the skins of 
frogs injected with [Nle4, D-phe7]-a-melanotropin revealed that both dermal and 
epidermal melanophores were dispersed during the entire 6-week period. In vitro 
[ ~ l e ~ ,  D-phe7]-a-melanotropin also causes prolonged darkening of the skin of the 
lizard Anolis carolinensis. In the absence of the melanotropin, skins previously 
darkened with the analog could be lightened by removal of calcium from the 
incubation medium but could then be redarkened by adding calcium. The cycle 
could be repeated indejinitely without addition of melanotropin. These results 
delr~onstrate the role of calcium in receptor signal transduction and the prolonged 
biological eflects of [ ~ l e ~ ,  D-phe7]-a-melanotropin long after its removal from the 
assay medium. 

a-Melanotropin (Ac-Ser-Tyr-Ser-Met- 
Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val- 
NH2, a-MSH) is a tridecapeptide hor- 
mone that is synthesized in the pars 
intermedia of  the vertebrate pituitary ( I ) .  
It reversibly darkens amphibian skins by 
stimulating melanosome movement (dis- 
persion) within melanophores. This me- 
lanotropin also affects mammalian mela- 
nocytes, both normal and transformed 
(melanoma) cells, by stimulating adenyl- 
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ate cyclase activity, tyrosinase activity, 
and melanin production. In addition, re- 
cent studies suggest that this hormone 
may have important functions in fetal 
development and in neural mechanisms 
related to learning and memory (2). 

The amino acid residues that are im- 
portant to the biological activity o f  a- 
melanotropin have been elucidated by 
systematic structure-function studies o f  
a-MSH, a-MSH fragments, and related 

analogs on amphibian melanophores (3, 
4) and, more recently, on mammalian 
melanoma cells (5-8). Treatment o f  me- 
lanotropins with heat and alkali leads to 
partial racemization o f  some amino acid 
residues within these peptides, and early 
investigators showed that these peptides 
darkened the skins o f  hypophysecto- 
mized frogs for at least 6 hours (9) .  
However, the exact stereostructural 
changes responsible for these prolonged 
activities were not determined. Recent- 
ly, we have investigated quantitatively 
the extent o f  racemization at individual 
amino acid residues o f  several melano- 
tropins as a result o f  heat-alkali treat- 
ment (8, 10). On the basis o f  our results 
we synthesized [4-norleucine, 7-D-phe- 
nylalaninel-a-melanotropin ([Nle4, D- 

phe7]-R-MSH) and demonstrated its pro- 
longed (> 48 hours) melanosome-dis- 
persing effect on frog (Rana pipiens) 
melanophores in vitro, high biological 
potency in stimulating mouse melanoma 
adenylate cyclase and tyrosinase activi- 
ties, and resistance to degradation by 
serum enzymes that inactivate a-MSH 
(8). 

The extraordinary potency and pro- 
longed biological activity o f  this mole- 
cule in vitro led us to examine the biolog- 
ical effects o f  the peptide in vivo, using 
the frog (Rana pipiens) and the lizard 
(Anolis carolinensis). W e  report here 
that a single injection o f  [Nle4, ~ - P h e ~ ] -  
a-MSH into a frog will darken its skin for 
periods up to 6 weeks, and that a similar 
injection into a lizard will darken the skin 
of  this animal for several days. In addi- 
tion, we have used the analog to investi- 
gate the mechanism of  melanotropin re- 
ceptor-mediated signal transduction on 
lizard melanophores in vitro and the 
role o f  calcium in the biological action of  
this peptide. 

Frogs of  both sexes were placed in 
white plastic containers with a small 
amount o f  water under overhead illumi- 
nation. Under these conditions, the ani- 
mals became light green in color, pre- 
sumably because they were not releasing 
any endogenous MSH. Forty-eight hours 
later, light reflectance from the dorsal 
surface of  the animals was measured 
with a Photovolt reflectometer (11). At 
this time, the frogs were injected subcu- 
taneously with Ringer solution (controls) 
or Ringer containing a-MSH, [ ~ l e ~ l - a -  
MSH, or [ ~ l e ~ ,  ~ - p h e ~ ] - a - ~ S H  (100 p1 
of  a lo4 M solution per 10 g o f  body 
weight) to provide a final body concen- 
tration o f  approximately 18 pg1lO g .  Sub- 
sequent reflectance values were taken at 
2- to 3-day intervals for 6 weeks (Fig. 1 ) .  

Maximum darkening of  the frogs was 
obtained with [ ~ l e ~ ,  ~ - p h e ~ ] - a - ~ S H ;  at 
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