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SUI%IMA~tY 

Hexachlorophene (HCP) was tested for carcinogenicity in lifetime feeding 
studies in male Sprague--Dawley rats that were fed on a protein- and vitamin- 
deficient diet and in C57B1 and XVII/G mice that received the chemical 
incorporated into a colmplete diet. After 2 years, no significant ca:~inogenic 
effects were obse~.~ed iLn ~he~!e animals, in  XVII/G mice injected subcutaneously 
at birth or receiving ;-t,CP via the mother 's mink, the incidence of tumors wa~ 
no~ statistically increased. No carcinogenic effect was observed in (C57B1 × 
C3H) F1 hybrid mice that received HCP ~,ransplacentally. 

INTRODUCTION 

HCP, an antibacteJdal agent active against gram-positive bacteria, is used a~ a 
preservative in cosmetics and also as an anthelmintic against Fascic!a hepatica in 
sheep. The acute toxicity of the cornpoun~l is relat~vely high: the oral LDs0 is 
40 mg/kg body wt.. in the rabbit, 50 mg/kg body ~¢¢. in the rat and 160 mg/kg 
body wt. in the mouse;, a single dose of 25 mg/kg body wt. induces toxic 
effects in the nervous system of rats [7]. Kimm,el et al. [8] observed terato- 
genic effects in 40% of offspring after intrava~nal admini~tra~ien to pregnant 
:cat~',. Kennedy et al [6] e:~d Thorpe [15] observed no such lesions ;~ter sub- 
,cutaneous administration in rats and rabbits. 

One study has been Dub].ished concerning the effects of long-t~.rm skin 
application of HCP in mice. Stenb~ck [14] pednted different concentrations of 
HCP in acetone onto the skin of Swiss mice and observed occasional swelling of 
the :;kin~ utceratio~as and hyperplastic proliferations of the epidermis, but no 
local tumors. A few hemangiomas of the liver were also observed in oId animals, 
but such tumors also occurred in controls. 

A bbreviat~.orm : HCP, hexachlorophene ; 2-AAF, 2-acetyla~ninofluorene. 
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Since HCP is ~Wdely used in agricu2tm'e, cosmetic~ ~md veten:inary medicine, 
it seemed relevant to carry out a series of  experiments in several animal modeIs 
h~ order to obtain a better knowledge of the effects of  long-term ;.~ministration 
of HCP to rodents. 

MATERIALS AND METHODS 

Especially pure HCP was purchased from FLUKA AG. Excep~ when other- 
vase specified it was administered to the animals mixed with ~;he diet during 
their entire lifespan. 

Sprague--Dawley rats 
Thi~y  males (IFFA-CPoEDO $oc.), aged 6 months at ~he s'~a~ of the experi- 

ment  and weighing 290 g (-+8 g), were used. A ~xoup of 15 controls were fed on 
a synthetic diet deficient in proi;ein and poor in vitamins; this di,,~.L has been 
used routinely in our Institute for several years in experiments on liver cancer 
induction by azo compounds. The other  15 ra~s received the same diet into 
Which HCP at a concentration of  50 mg/kg diet was in.corporated, The average 
daffy 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-si.~ter mat~'Lng for the last 25 years. Lymphoid leukemias of 
thymic origin develop spontaneou.~ly at the age of  3{)-..40 weeks in .l% of mice. 
l~eticulorarcomas (10--15%} and adenomas or adenocarcinomas of  the liver 
(2--3%) arise; late in life. 

One hundred and eighteen mice, '.'.5 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 (33 females ~uad 35 males) received the same 
diet but contain.ing 150 mg/kg diet HCP. The average daily food intake per 
mouse was 3 g. 

XVII /G mice 
This strain was started in !928 and has been bred in our Institute for 50 

years by brother-to-sister mating. These animals develop mammary l:umors or 
leukemias or o~.her spontaneous tumors only exceptionally. However.", over 70% 
of the mice develop 1 to 3 lung adenomas late ~:n life. Multiple pulmonary 
tumors are rare in untreated re;ice but develop after administration of carcino- 
genic compounds such as 2-acetylanAnof]uorene (2-AAF), urethane or poly- 
cyclic hydrocm'bons, even at low do~es. 

One hundred and fifty-three mice, 25 days of  age, were used: 75 controls 
(38 females and 37 males) receipted the standard diet; the others {40 females 
and 38 males) were fed the same ,diet but containing 150 mg/kg diet HCP. 
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XVI.UG mice given HCP vt[a the milk 
Since HCP isexcreted in the milk [1,6], and since administration of  carcino- 

genic compounds to lac~Lting mothers of  this strain can produce multiple 
pulmonary tumors in the offspring [13],  ,an experiment was catriied out using 
this :model. 

Twenty two XVII/G pregnant females were used: 7.mice received 0.5 mg/ 
~ i m a l  HCP for 20 days,, starting from ~he day of parturition; 8 others received 
0.5 nag methylcholanthiene in the sam~ way (positive controls); 7 mothers ~sed 
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 methylchof  
anthrene treated had 40 offspring, 34 af  which survived 20 days or more. The 
7 negative controls had 42 offspring, 37 of  which lived for 20 or more days. 

XVIL(G mice injected at birth 
Fifty two newborn XVII/G mice received 3 subcutaneous injections of 

0.05 ling, 0.05 mg and 0.1 mg/animal HCP on the first, second and 8th days o~ 
life and were observed for lifespan. 

(C57BI × 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 T~,hese hybrids develop late in life sponl:aneous hepato- 
mas. Other turnoffs, such as mammary adenocarcinomas and teukemias, are 
exceptional. 

Nineteen pregnant C57B1 females were used; 9 of them were injected en the 
l~hth and the 18th days of pregr, ancy with 0.5 rag/animal HCP; the others 
remaJ~ned 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 standm'd diet 
and drinking water ad ]libitum. Most of the ar, imals were killed when moribund. 
All tumors and the princip~ organs were fixed in Bouin-Hollaud fluid ~or 
microscopic examination. 

RESULTS 

][n spite of the high doses administered in some experiment:.~ (10% of the 
LDs,~ in the feeding experiments in mice), the chemical did llot produce 
obvio~Lts signs of toxicity. In Sprague--Dawley rats, weight gai!n was similar for 
controls and animals tha~; received HCP at a daily dose of approx. 1.5 mg/J:at, 
wlhich represents 8--10% of the LDs(~. The weights of  various organs (liver, 
kidney, testis, adrenal, thyroid and pituitary) were identical in both groups. 
No neurotoxicity w ~  observed in mice or rats. Lifespm~ and survival rates were 
sfinilar in treated a~d control ~'oup,s. Most mice of both the pure strain and 
hybrid~ lived for 90--100 weeks and some for over 2 years {sec also Tables 
1--4)_ 
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Sprague--Dawley rats 
No tumors were observed in either, group, ~Mth the exception of an adenoma 

of  the pit~htary in one of  the HCP-treated .animals aged 103 weeks. The same 
animal had hyperplastic thyroid glands. The adenomatous pituitary was formed 
largely of  eosinophilic cells. The thyroid chmages were similar to those which ~ e  
observed in animals receiving thiourea. The mean survival of the rats of both 
g~oups was nearly 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 t~,mor induction were ~imihLr in control mice and in animals 
that received HCP. Reticulosarcomas (mostly diffuse) and a few thymic 
l:vmphomas appeared in mice over the age of 100 weeks. Oae liver tumor was 
observed :in one of £he HCP-treated females killed at the age of 103 weeks and 
was classi;ied as an adenoma. 

XVII/G ~ri ice (Table 2) 
Sixty to eighty percent of both control and treated mice developed 1--3 lung:: 

tumors, which were in most cases typical papilhtry adenomas. One of  the males 
treated w~th HCP and sacrificed at the age of  1(111 weeks had a hepatoma, which 
was con~k:lered .~,,r~ he ~c~malignant. 

XVH/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 obseJ3,ed in the off-spring of mothers that received 0.5 nig/animal HCP 
daily; whereas multiple lung tumors develooed in almost 100% of positive 

TABLE 1 

C A R C I N O G E N E S I S  OF HCP IN C 57 B L  MICE GIVEN 1.50 m g / k g  DIET 

G r o u p  N u m b e r  N u m b e r  Pereen'~age Types  o f  Mean survival 
of mice with tumors :tumol:~ time (weeks) 

2o~t roI  25 7 28 6 R e t i e u k ~  95 
Zenm|es s a r c o m a s  

1 T u m o r  of 
the ovary  

33 9 24 8 Reti.eulo- 86 
SaYC,D~'I~ 

1 H e p a t o m a  
25 4 I 6  3 Ret ieu lo-  85 

sal.comas 
i Pulmonary 

tllyrl,~r 
35 6 17 6 Ret ieu lo-  90  

s~Lt'comas 

Females 
given HCP 

Cont ro l  
rtlaJe:~, 

Ma/e~ 
given HCP 



TABLE 2 

,CARCENOGENESIS OF HCP IN XVII/G MICE GIVEN 150 mg/kg DIET 

3129 

,Group Number Number Percentage Types of Mean surv/val 
of mice with tumors tumors time (weeks) 

Cont:rol 88 22 58 21 Pulmonary 76 
:fem~,les tumors 

I Tumor of 
the ovary 

40 28 70 28 Pulmonary 71 
tumors 

37 23 62 23 Pulmonary 81 
tumor~ 

37 30 82 30 Pulmonary 88 
tumors 

I Liver 
adenoma 

Females 
igive~L HCP 
Control 
males 
Male,'~ 
given HCP 

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 lur~g adenomas, but no multiple ~ung tumors were obsel-~ed. Average 

TABLE 3 

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

Group Number Number Percentage Types of l~Iea.n survival 
of mice with tumors tumors time (weeks} 

Female negative 25 19 79 19 Pulmonary 78 
control[s (no adenomas 
treatment) 
Females 25 16 60 16 79 
given H:CP 
Females given ],9 19 i0() 19 53 
methy]chol- 
anthrene 
Male negative ][0 5 50 5 6t 
coat~'oh (no 
treagme nt) 
Males given :[8 9 50 9 82 
HCP 

3 
14 93 14 51 Males given 15 

methy]chol- 
anthrene 

Pulmon~y 
adenomas 
Multiple 
lung tumors 

Pulmonary 
adenomas 

Pulmonary. 
adenomas 
Hepatomas 
l~Iultiple 
lung ~umors 
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TABLE 4 

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

Group Number Number Percentage Types of Mean survival 
of mice with tumoJ:s tumors time (weeks) 

Control 27 26 99 2 Reticulo- 104 
females sarcomas 

3 Lung tumors 
24 Hepatomas 

30 24 80 3 Reticulo- 101 
sl~feomas 

5 Lung, tumors 
l Mammary 

t~umo.~" 
16 Hepatomas 

25 22 88 1 Lung tumor 97 
22 Hepatomas 

22 20 91 2 Reticulo- 97 
s~ircomas 

3 Lung tumors 
1 Subcutaneous 

sarcoma 
15 Hepatomas 

Females . 
given HCP 

Control 
males 
Males 
given HCP 

sumdval t imes in males and females  were 72 and  '74 weeks respect ively.  Over 
70% of  un t r ea t ed  mice  of this stl~ain develop 1--3' l,ang adenomas  la te  in life. 

(C57B1 X C3H) F1 mice (Table 4) 
These  hybr ids  develop s p o n t a n e o u s  liver t u m o r s  a f t e r  the  age o f  80 weeks. In 

ota '  expe r imen t s  in ieet ions  to  p r e g n a n t  females  on  the  16 th  and 18 th  day o f  
ges ta t ion  p roduced  no  tumors  in  the  offspr ing which  are n o t  normal ly  seen in 
con t ro l  mice.  The  average survival t imes  of  mice  with h e p a t o m a s  were identical  
for  con t ro l s  and for  mice t rea ted  t ransp lacenta l ty .  

DISCUSSION 

in order  to  invesl;igate the  poss ib le  cm'cinogeniei ty  o f  HCP, expe r imen t s  were, 
carried o u t  for  l ifespan in rats and  mice of  d i f f e ren t  genet ic  origins, Under  ~he 
eo, nd i t ions  of  these tests, HCP does  n o t  appea r  to  be carcinogenic  for  rode~ts .  
I t  is par t icular ly  in teres t ing  to n o t e  t h a t  the  c o m p o u n d  p roduced  no  pa tho-  
logical lesions in rags t h a t  received a pro te in-  and  vitamin-deficienL die t  and  
some of which lived for  more  t h a n  2 years. T he  p i tu i t a ry  a d e n o m a  which was 
obsen~ed can be cons idered  to hawe been  s pon t aneous .  These  results are in 
accordance  with those ob~,ained it, a bioassay on  HCP, carr ied ou t  unde r  the  
Carcir:ogenesis Test ing Program of  1:he US Na t iona l  Cancer  Ins t i tu te  in male 
and female Fischer  rats t h a t  were fed HCP in the  d ie t  for 106 weeks;  no  
carc inogenic  effects  were observed [ 1 0 ] .  
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Hepatotoxic effects due to HCP have been observed in sheep in an expe~- 
ment  of several weeks duration [12] .  It  was expected that ra'~s maintained 
during long periods on a protein- .'rod 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 observed. Furthermore, of the' several 
hundred mice that received the che,mical under  different conditions, no heman- 
giomas were seen in the liver. The absence of such lesions, especially in C57B1 
mice, is significant, since in many experiments performed i~] the past, ~nimo]s 
of this strain were found susceptible to hema~gioma induct;ion with carcine~ 
genic compounds, such as 2-AAF, urethane and others. It is no~aworthy that 
newborn mice did not  develop an excess of tumors a~er  subcutaneous adminis. 
tr,~£ion of HCP: it is known [1,5,11] that infant  mice are usually very suscept- 
ible to tumor induction by chemical carcinogens, even at tow doses. 

We did not  repeat the experiment oi  Stenb~ck [14], using skin painting, 
silence we were more interested in the po.~:sible appearance oil distant tumors, it 
is k~own, however, that after its ingestion or skin application, HCP enters the 
blood stream within a shor~ period of time [2,3,4]. 

Consequent to the original report of Larsen ~9], a large number of studies 
have been carried out on the transplacental ind ~.ction of tumors in mice. In 
our experiments, HCP administered to pregnant females did not modify the 
incidence or the latent period 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 ~eceived HCP via the mother's milk. ~n animals ,ff this 
strain spontaneous liver tumors are ve,.:y rare and it is possible that  these 
hepatomas can be considered to have been induced. It is questionable, however, 
if we have to classify HCP on the basis of these findings as a carcinogen poten- 
tialily c~cogenic for humans. Of course, the problem remains open if d,',:)ubtful 
resu]!~ts obtained in rodents do allow a conclusion for the human users of a 
chen~ical. There are examples that compounds discovered as carcinejen:ic for 
humans, by the epidemiologists have only a low activity for rodents an,'f vice 
v~r~;,~t. 
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