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SUMMARY

Hexachlorophene (HCP) vras tested for carcinogenicity in lifetime feeding
studies in male Sprague—Davriey rats that were fed on a protein- and vitamin-
deficient diet and in C57B1 and XVII/G mice that received the chemical
incorporated intc a complete diet. After 2 years, no significant carcinogenic
effects were observed in these animals. In XVII/G mice injected subcutaneously
at birth or receiving HCP via the mother’s milk, the incidence of tumors was
not statistically increased. No carcinogenic effect was observed in (C57B1 X
C3H) F1 hybrid mice that received HCP transpiacentally.

INTRODUCTION

HCP, an antibacterial agent active against gram-positive bacteria, is used as a
preservative in cosmetics and also as an anthelmintic against Fascicla hepatice in
sheep. The acute toxicity of the compound is relatively high: the oral LDg, is
40 mg/kg body wt. in the rabbit, 60 mg/kg body wi. in the rat and 160 mg/kz
body wt. in the mouse; a single dose of 25 mg/kg body wt. induces toxic
effects in the nervous system of rats {7]. Kimmel et al. [8] observed ferato-
genic effects in 40% of offspring after intravaginal administration to pregnant
rats. Kennedy et al {6] and Thorpe [15] observed no such lesions after sub-
cutaneous administration in rats and rabbits.

One study has been published concerning the effects of long-term skin
appiication of HCP in mice. Stenbiick {14] painted different concenirations of
HCP in acetone onto the skin of Swiss mice and observed occasional swelling of
the skin, ulcerations and hyperplastic proliferations of the epidermis, but no
local tumors. A few hemangiomas of the liver were also observed in old animals,
but such tumors also cecwrred in controls.

Abbrevietions : HCP, hexachlorophene; 2-AAF, 2-acetylaminofiucrene.
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Since HCP is widely used in agriculture, cosmetics and veterinary medicine,
it seemed relevant to carry out a series of experiments in several animal models
in order to obtain a better knowledge of the effects of long-term administration
of HCP to rodents. '

MATERIALS AND METHODS

Especially pure HCP was purchased from FLUKA AG. Except when other-
wise specified it was administered to the animals mixec with the diet during
their entire lifespan.

Sprague—Dawley rats

Thirty males (IFFA-CREDO Soc.), aged 6 months at the starl of the experi-
ment and weighing 290 g (8 ¢), were used, A group of 15 controls were fed on
a synthetic diet deficient in protein and poor in vitamins; this di:i has been
used routinely in our Institute for several years in experiments on liver cancer
induction by azo compounds. The other 15 rats received the same diet into
which HCP at a concentration of 50 myg/kg diet was incorporated, The average
daily food intake per rat was 30 g.

C57B1 mice

This substrain was first used in our laboratory in 1953 and has been bred
by brother-to-sister mating for the tast 25 years. Lymphoid leukemias of
thymic origin develop spontaneously at the age of 30—40 weeks in 1% of mice,
Reticulorarcomas (10—15%) and udenomas or adenocarcinomas of the liver
(2—3%) arise late in life.

One hundred and eighteen mice, 25 days of age, were used: 50 (25 males and
25 females) were used as controls and were fed a complete standard diet
(U.A.R. Morris diet}; the other 68 (32 females and 35 males) received the same
diet but centaining 150 mg/kg diet HCP. The average daily food intake per
mouse was 3 g.

XVII/G mice

This strain was started in 1928 and has been bred in our Institute for 50
years by brother-to-sister mating. These animals develop mammary tumors or
leukemias or other spontaneous tumors only exceptionally. However, over 70%
of the mice develop 1 to 3 lung adenomas late in life. Multiple pulmonary
tumors are rare in untreated mice but, develop after administration of carcino-
genic compounds such as 2-acetylan.incfluorene (2-AAF), urethane or poly-
cyclic hydrocarbons, even at low doses.

One hundred and fifty-three mice, 25 days of age, were used: 75 controls
(38 females and 37 males) received the standard diet; the others (40 females
and 38 males) were fed the same di2t but containing 150 mg/kg diet HCP.



XVII/G mice given HCP via the milk

Since HUP is-excreted in the milk [16], and since administration of carciro-
genic compounds to lactating mothers of this strain can produce multiple
pulmonary turors in the offspring [13], an experiment was carried out using
this model.

Twenty two XVII/G pregnant females were used: 7.mice received 0.5 mg/
animal HCP for 20 days, starting from the day of parturition; 8 others received
0.5 mg methylcholanthrene in the same way (positive contreols): 7 mothers used
as negative controls remained untreated. The 7 HCP-treated mothers had 41
offspring, 38 of which survived over the age of 20 days. The 8 methylchol-
anthrene treated had 40 offspring, 34 of which survived 20 days or more. The
T negative controls had 42 offspring, &7 of which lived for 20 or more days.

XVIIG mice injected at birth

Fifty two newborn XVII/G mice received 3 subcutaneous injections of
0.05 mg, 0.05 mg and 0.1 mg/animal HCP on the first, second and 8th days of
life and were observed for lifespan.

(C57B1 X C3H) F1 mice

C57B1 females aged 3 months were mated with C3H males in order to
obtain F1 hybrids. The observation of a vaginal plug was taken to be day 0 of
pregnancy. Over 80% of these hybrids develop late in life spontaneous hepato-
mas. Other tumors, such as mammary adenocarcinomas and leukemias, are
exceptional.

Nineteen pregnant C57B1 females were used; 9 of them were injected cn the
15th and the 18th days of pregnancy with 0.5 mg/animal HCP; the others
remained untreated and were used as controls. The 9 mothers in the HCP
treated group delivered 52 offspring; neonatal mortality was low, The 10
controls had 52 offspring. After weaning all offspring received standard diet
and drinking water ad libitum, Most of the animals were killed when moribund.
All tumors and the principal organs were fixed in Bouin-Holland fiuid for
microscopic examination.

RESULTS

In spite of the high doses administered in some experiments {10% of the
LDy in the feeding experiments in mice), the chemical did not produce
obvious signs of toxicity. In Sprague—Dawley rats, weight gain was similar for
controls and animals that received HCP at a daily dose of approx. 1.5 mg/rat,
which represents 8--10% of the LI, The weights of various organs (liver,
kidney, testis, adrenal, thyroid and pituitary) were identical in both groups.
No neurotoxicity was observed in mice or rats. Lifespan and survival rates were
similer in treated and control groups. Most mice of both the pure strain and
hybrids lived for 20—100 weeks and some for over 2 years (sec also Tables
1--4).
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Sprague—Dawley rais

No tumors were observed in either group, with the exception of an-adenoma
of the pituitary in one of the HCP-freated animals aged 103 weeks. The same
animal had hyperplastic thyroid glands. The adznomatous pituitary was formed
largely of eosinophilic cells. The thyroid changes were similar to those which are
obsérved in animals receiving thiourea. The mean survival of the rats of both
groups was neariy the same, i.e., 95 weeks. Three of the rats fed the HCP diet
lived over 104 weeks.

C57B1 mice (Table 1)

HCP only produced tumors that are normally seen in this strain of mice; the
latent periods of tumor induction were similar in control mice and in animals
that received HCP. Reticulosarcomas (mosily diffuse) and a few thymic
lymphomas appeared in mice over the age of 100 weeks. One liver tumor was
observed in one of the HCP-treated females killed at the age of 103 weeks and
was classilied as an adenoma.

XVII/G niice (Table 2)

Sixty to eighty percent of both control and treated mice developed 1—38 lung
tumors, which were in most cases typical papillary adenomas. One of the males
treated with HCP and sacrificed at the age of 101 weeks had a hepatoma, which
was considered to he nen malignant,

XVII/G mice given HCP via the milk (Table 3)

Pulmonary adenomas developed in 50—60% of treated males and females
and in 50—79% of male and female controls. No multiple tumors of the lungs
were observed in the off-spring of mothers that received 0.5 mig/animal HCP
daily; whereas muitiple lung tumors developed in almost 100% of positive
TABLE 1
CARCINOGENESIS OF HCP IN C 57 BL MICE GIVEN 150 mg/kg DIET

Group Number Number Percentage  Types of Mean survival
of mice with tumoxs tumors time (weeks)
Control 25 7 28 6 Reticulo- 95
‘emales 5arcomas
1 Tumor of
the ovary
Females 33 9 24 8 Reticulo- 86
given HCP sarcomas
1 Hepatoma
Control 25 4 16 3 Reticulo- 85
males sarcomas
1 Pulmonary
tumor
Males 35 ] 17 6 Reticulo- 90

given HCP sareomas




TABLE 2

CARCINOGENESIS GF HCP IN XVII/G MICE GIVEN 150 mg/kg DIET
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Group Number Number Percentage Types of Mean survival
of mice with tumors turmors time (weeks)
iControl a8 22 58 21 Puimonary 76
femazles tumors
1 Tumor of
the ovary
Females 40 28 7¢ 28 Pulmonary 71
givem HCP tumnors
Control 37 23 62 23 Pulmonary  B1
males tumots
Males 37 30 81 30 Pulmonary 88
given HCP tumors
1 Liver
adenoma

controls treated with methylcholanthrene. In 3 of the males that received HCP
during nursing, liver tumors were observed: one was an adenocarcinoma with
well-differentiated cells forming trabeculae and large hemorrhagic spaces.

XVII/G mice injected at birth
Twenty seven females and 16 males lived for 12 or more months; 32
developed lung adenomas, but no multiple lung tumors were ohserved. Average

TABLE 3

CARCINOGENESIS OF HCP IN XVII/G MICE GIVEN HCP DURING LACTATION

Group Number Number Percentage Types of Mean survival
of mice with tumors tumors time (weeks)
Female negative 25 19 79 19 Pulmonary 78
controls (no adenoimas
treatment)
Females 25 16 60 16 Pulmonary 79
given HCP adenomas
Females given 1¢ 19 100 19 Multiple 53
methylehol- lung tumors
anthrene
Male negative 10 5 50 5 Pulmonary 61
controls (no adenomas
treatment)
Males given 18 9 50 9 Pulmonary 82
HCP adenomas
3 Hepatomas
Males given 15 14 93 14 Multiple 51
methylchol- lung tumors

anthren:
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TABLE 4

CARCINOGENESIS OF HCP IN (C57BL % C3H) F1 MICE TREATED IN UTERO WITH
HCP

Group Number Number Percentage Types of Mean survival
of mice with tumors tumors time (weeks)
Control 27 26 99 2 Reticulo- 104
females sarcomas
3 Lung tumors
24 Hepatomas
Females . 30 24 80 3 Reticulo- 101
given HCP sarcomas
5 Lung tumors
1 Mammary
tumor
16 Hepatomas
Control 25 22 88 1 Lung tumor 97
males 22 Hepatomnas
Males 22 20 91 2 Reticulo- 87
given HCP sarcomas

3 Lung tumors
1 Subcutaneous
sarcoma
15 Hepatomas

survival times in males and females were 72 and 74 weeks respectively. Over
70% of untreated mice of this strain develop 1—3 lung adenomas late in life.

(C57B1 X C3H) F'1 mice (Table )

These hybrids develop spontaneous liver tumors after the age of 80 weeks. In
our experiments injections to pregnant females on the 16th and 18th day of
gestation produced no tumors in the offspring which are not normally seen in
control mice. The average survival times of mice with hepatomas were identical
for controls and for mice treated transplacentally.

DISCUSSION

In order to investigate the possible carcinegenicity of HCP, experiments were
carried out for lifespan in rats and mice of different genetic origins. Under the
conditions of these tests, HICP does not appear to be carcinogenic for rodents.
It is particularly interesting to note that the compound produced no patho-
logical lesions in rats that received a protein- and vitamin-deficient diet and
some of which lived for more than 2 years. The pituitary adenoma which was
observed can be considered to have been spontaneous. These results are in
accordance with those obtained ir a bioassay on HCP, carried out under the
Carcirogenesis Testing Program of the US National Cancer Institute in male
and female Fischer rats that were fed HCP in the diet for 106 weeks; no
carcinogenic effects were observed [10].
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Hepatotoxic effects due to HCP have been obsexved in sheep in an experi-
ment of several weeks duration [12]). It was expected thai rats maintained
during long periods on a protein- and vitamin-deficient diet would at least
present fatty degeneration or other injuries to the liver; however, in our experi-
ments, no particular liver lesions were observad. Furthermare, of the several
hundred mice that received the chemical under different ccnditions, no heman-
giomas were seen in the liver. The absence of such lesions, especially in C57B1
mice, is significant, since in many experiments performed In the past, animals
of this strain were found susceptible to hemangioma induction with carcino-
genic compounds, sich as 2-AAF, urethane and others. It is noteworthy that
newborn mice did not develop an excess of tumors after subcutaneous adminis-
tration of HCP: it is known [1,5,11] that infant mice are usually very suscepi-
ible to tumor induction by chemical car:inogens, even at low doses.

We did not repeat the experiment of Stenback [14], using skin painting,
since we were more interesied in the possible appearance of distant tumors. It
is known, however, that after its ingestion or skin application, HCP enters the
blood stream within a short period of time [2,3,4].

Consequent to the original report of Laxsen "9], a large number of studies
have been carried out on the transplacental ind wction of tumors in mice, In
our experiments, HCP administered tc pregnant females did not modify the
incidence or the latent peried of induction of tumors normally seen in animals
used in our experiments.

Three unusual tumors, i.e., hepatomas occurred in experiment No. 4 in
which XVII/G mice received HCP via the mother’s milk, In animals of this
strain spontaneous liver tumcrs are very rare and it is possible that these
hepatomas can be considered fo have been induced. It is questionable, however,
if we have to classify HCP on the basis of these findings as a carcinogen poten-
tially oncogenic for humans. Of course, the problem remains open if duubiful
results obtained in rodents do allow a conclusion for the human users of a
chemical. There are examples that compounds discovered as carcinoenic for
humans, by the epidemiologists have only a low activity for rodents an.t vice
versa.
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