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FOREWORD

The many benefits of our modern, developing, industrial
society are accompanied by certain hazards. Careful assessment
of the relative risk of existing and new man-made environmental
hazards is necessary for the establishment of sound regulatory
policy. These regulations serve to enhance the guality of our
-environment in order to promote the public health and welfare and
the productive capacity of our Nation's population.

-The Health Effects Research Laboratory, Research Triangle
Park, conducts a coordinated environmental health research
program in toxicology, epidemiology, and clinical studies using
human volunteer subjects. These studies address problems in air
pollution, non-ionizing radiation, environmental carcinogenesis
and the toxicology of pesticides as well as other chemical
pollutants. The Laboratory participates in the development and
cevision of air quality criteria documents on pollutants for
which national ambient air quality standards exist or are proposed,
provides the data for registration of new pesticides or proposed
suspension of those already in use, conducts research on hazardous
and toxic 1 Aterials, and is preparing the health basis for non-
ionizing radiation stand rds. Direct support to the regulatory
function of the Agency is provided in the form of expert testimony
and preparation of affidavits as well as expert advice to the
Administrator to assure the adequacy of health care and surveillance
of persons having suffered imminent and substantial -endangerment
of their health.

The human population is constantly exposed to low levels of
many different types of chemicals in the environment. Experimen-
tal investigations have emphasized the testing of individual
chemical compounds for their oncogenic potential, but relatively
little is known about the oncogenic potential of the various
chemicals in combination exposures in the environment. The
present investigation, therefore, is important since it is
designed to learn more about the oncogenic potential associated
with combined environmental exposure to different chemicals.
Specifically, it is concerned with the interaction between
commonly used pesticides and .benzo(a)pyrene, a known oncogenic
agent. :

F. G. Hueter, Ph. D.
Acting Director,
Health Effects Research Laboratory
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ABSTRACT

The insecticides parathion, toxaphene and carbaryl were
tested for their ability to induce tumors in forestomach and
lung of female Ha/ICR and A/J mice, respectively. None of these
prototype insecticides, when fed alone in the diet of mice,
showed significant tumorigenic activity.

Results of our research show that increased benzo(a)pyrene
(BP) hydroxylase activity generally enhances tumor formation
while a decrease in BP hydroxylase activity has a protective
effect against tumors. For example, when BP was administered
chronically or acutely to Ha/ICR mice, forestomach showed the
greatest inducibility of BP hydroxylase while it was also the
site of BP-induced tumors. Papillomatous tumors developed in
the forestomach of mice fed BP for 12 weeks, but no tumors
" developed in the glandular portion of stomach, or in the lung
or liver.

Various dosage levels of insecticides were investigated as
to their ability to alter tissue BP hydroxylase activity. In
the same Ha/ICR strain of mice, the organochlorine insecticide
toxaphene enhanced BP-induced forestomach tumors and increased
enzyme activity in forestomach. Also, the carbamate insecticide
carbaryl, when fed in the diet for 20 weeks, was found to in-
crease BP hydroxylase activity in lung while enhancing BP-
induced tumors in that organ of female A/J mice. These results
are discussed in connection with the hypothesis that toxaphene
and carbaryl have a cooncogenic effect in enhancing BP-
induced tumors. Conversely, when toxaphene inhibited the BP
hydroxylase activity in lung there was an associated decrease .
in BP-induced tumors in A/J mice. Feeding mice the organophos-
phate insecticide parathion, did not affect tissue BP hydroxy-
lase activity or the incidence of tumors induced by the admlnls
tration of BP. :

The relationship between enzyme inducibility and tumor
formation may be due to the level of oncogenic epoxides formed
at target organs. As the enzyme levels increase, more epoxide-
may be formed. Conversely, as enzyme activity decreases, less
epoxide is formed. Enzyme inducibility does not always produce
tumors, as evidenced by the finding that liver BP hydroxylase
. was induced after toxaphene feeding but no tumors were observed
at this site after treatment with insecticide and/or BP. Fur-
ther studies of the formation of specific oncogenic epoxides
of BP in tissues after treatment with these insecticides would
‘more clearly define the relationships between BP hydroxylase
inducibility and BP oncogenesis.
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SECTION I
INTRODUCTION

The ‘human population is exposed chronically to low levels
of insecticides and benzo(a)pyrene (BP). The latter agent is
generally acknowledged to be a carcinogenic polycyclic hydro-
carbon present throughout our environment. BP is present in
tobacco smoke, charcoal grilled foods and as an atmospheric
pollutant emitted into air from the general industrial combus-~
tion of fuels and organic matter (1,2,3). 1In addition, studies
have shown that in certain strains of mice (4,5) the organo-
chlorine insecticides,DDT, aldrin and dieldrin are hepatic
carcinogens. Traces of insecticides are also commonly found in
food, and like BP, human exposure could occur from inhalation of
tobacco smoke (6). Since man is exposed chronically to the well-
known carcinogen BP as well as to insecticides, it is important
to know mcre about the oncogenic potentials associated with
combined e..vironmental ¢ xposure to these two types of chemicals.

The metabolism of BP is mediated by the microsomal mixed
function oxidase enzyme system. In this system, BP hydroxylase
has been shown to be the enzyme which activates BP to form strong
electrophilic metabolites (7,8). These metabolites possess the
ability to bind with nucleophilic groups: of nucleic acids and
other macromolecules of target organs (9,10). The mutagenic
activity of a large number of BP derivatives suggest that highly
reactive epoxide metabolites (e.g. Diol-epoxide I and Diol-
epoxide II) might be the ultimate carcinogens of BP (11,12,13, -
14). Recently it has been reported that the administration of
BP7,8-dihydrodiol, a metabolite of BP, to newborn mice caused

more malignant lymphomas and pulmonary adenomas than that induced
by BP (15).

Various insecticides have been reported to alter the activi-
ty of enzymes of the microsomal mixed function oxidase system in
different tissues. Parathion, an organophosphate insecticide,
inhibits the hepatic microsomal metabolism of aniline and ethyl-

morphine in mice (16). Studies from our laboratory show that
parathion inhibits the metabolism of BP in liver, lung and small
intestine in rats (17). Furthermore, experiments with the

organochlorine insecticide toxaphene, show that feeding various
levels of this insecticide to rats increased the activity of
hepatic enzymes that metabolize EPN, p-nitroanisole and amino-
pyrine (18). Similar effects on hepatic microsomal enzyme induc-
tion were observed with the carbamate insecticide carbaryl.
Subacute administration of carbaryl produces an increase in the
rate of metabolism of hexobarbital, aniline and benzphetamine in
mice (19,16).



Few reports have appeared in the literature regarding the
possible carcinogenic and/or cocarcinogenic action of these
widely used and chemically different insecticides such as para-
thion, toxaphene and carbaryl. A recommendation by the National
Cancer Advisory Board Subcommittee on Environmental Carcinogene-
sis suggests that one criterion which may be used for assessing
whether chemicals are potentially carcinogenic could include
"Bioassays in which, in addition to the test agent, animals are
treated with a known carcinogen, or some other foreign material
which itself may be carcinogenic or cocarcinogenic" (20). Since
insecticides alter microsomal enzyme systems which may be respon-
sible for the metabolism of BP to an active carcinogen, we inves-
tigated the effects of 3 different chemical prototype insecti-
cides (parathion, toxaphene and carbaryl) on the oncogenic
action of BP. The influence of these insecticides on BP hydroxy-
lase activity in various tissues was also determined in order to
- help elucidate possible mechanisms that may be involved with
changes observed in BP-induced oncogenesis. The results of
this study could be of value for the determination of potential
human health hazards associated with exposure to commonly used
insecticides alone and, perhaps more importantly, in the pre-
sence of the carcinogenic polycyclic aromatic hydrocarbons such
as BP, which is present in the environment.
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SECTION 2
MATERIALS AND METHODS

Chemicals - BP (practical grade, minimum purity, 95%) Tris
buffer and the zofactors NADH and NADPH were obtained from Siama

Chemical Co. (St. Louis, Mo.). Parathion (95% purity), 0,0-
diethyl-0-(p-nitrophenyl) phosphorothioate was purchased from K and
K Laboratories (Jamaica, N.Y.). Carbaryl (technical grade, 100%

purity) was donated by the Union Carbide Corp. (Salinas, Ca.).
Toxaphene (technical grade) was donated by Hercules Incorporated
(Wilmington, De.). All control and experimental diets containing

LP and/or insecticides were prepared by Blo—SerV, Inc. (French-
town, N.J.). '

Tisce BP hydroxylase activity - Mice were sacrificed after
chronic- £ :ding ad libi -um of the various levels of parathion,
toxaphene, carbaryl and BP. All homogenates were made- i ice—
cold 1.15% potassium chloride solution for assay of BP hydroxy-

. lase activity by the method of Nebert and Gelboin (21). The
final incubation mixture had a volume of 1.05 ml which was com—
posed of:x 0.3 ml of NADPH (0.5 umoles), 0.3 ml of NanH (0.5
umales), G.ZmIl . of 0.5 M Tris buffer at pH 7.5, 0.2 ml of a

900 x g supernmatant of tissue homogenates containing betweernr

2.3 and. 5.5 mg protein and 0.05 ml of a methanol solution of BP
substrate (80 nmoles), which was added just prior to incubation.
Values for BP hydroxylase activity represent the amount (in
pmales) of reference standard 3-hydroxybenzotla)pyremre (provided
by Dr. Harry V. Gelboin, Natiomal CancerTnstitute,; Bethesda,
Md.) causing. fluarescence equivalent to the total hydroxylated
metabolites produced per milligram protein per min of incubation.
Aliguats: aof the: 30¢ x gravity . supernatant fram each . tissue- homo—
genate were used for prcteln determination by the method of Lowry
et al. (22). when assaying for BP hydroxylase activity in fore-
stomach and glandular stomach, stomach tissue was dissected into
2 parts. The pooled forestomach of 3 animals were used to pre-
pare homogenates. Under the conditions of the assay, the rate

of hydroxylation of BP was linear for 60 min for both forestomach
and glandular stomach from untreated control mice. The Michaelis
constant (Km) determined at a 30 min period of incubation was

1.20x10-5M for forestomach and 1.09x1079M for glandular stomach.




Treatment of animals - All experiments were conducted with female
Ha/ICR mice purchased at 8 weeks of age from ARS/Sprague Dawley
(Madison, Wisconsin) or female A/J mice purchased at 8 weeks of
age from the Jackson Laboratory (Bar Harbor, Maine). After one
week of acclimation to the quarters, the animals were randomized
and placed on either diets of Purina Rat Chow to which had been
added 5% corn oil (control group), or experimental diet contain-
ing 5% corn o0il as the vehicle and various levels of insecticides
and/or BP. 1In studies involving Ha/ICR mice, BP was incorporated
into the diet. The A/J mice, however, were administered 3 mg

BP (po) on the 7th and 21st day of the evperiment. Animals were
housed in suspended wire mesh cages, five to a cage, and weighed
weekly. After various time periods (12-20 weeks) of feeding, the
mice were sacrificed for tumor analysis and/or enzyme activity.
The presence of stomach tumors in all experiments was determined
by expanding the stomachs with an ‘intragastric injection of a

10% buffered formalin solution. Within 2-3 days the stomachs were
opened, and observed grossly for tumor counts under a dissecting
microscope as described by Wattenberg (23). Lungs were placed
in Tellyesniczky's acetic bichromate solution for 2 days. and then
examined grossly. In addition, liver and other internal organs
were observed grossly for possible tumor formation. Tumors
measuring 1.0 mm or larger were counted, recorded, fixed in
buffered formalin and embedded in paraffin. They were sectioned
and stained with hematoxylin-eosin by the standard procedures,
and assessed microscopically for tumor type. The relative sus-
ceptibility to BP-induced tumors is expressed by the "tumori-
genic index", derived by multiplying the percentage of animals

in which tumors develop by the average number of tumors per

~ tumor-bearing animal as proposed by Shimkin (24).

‘Statistical Analysis. All data shown for weight gain and BP
hydroxylase activity in this study were analyzed statistically

by Student's t-test. For the analysis of tumor incidence between
the control and experimental groups the "non-parametric" rank
t-test of Bross (25) or Fisher's exact test were used. Only
‘probability values of 0.05 or less were considered significant.




SECTION 3

RESULTS AND DISCUSSION

The effect of feeding two dosage levels of BP in the diet
- of Ha/ICR mice for 12 or 20 weeks on the development of fore-
stomach tumors is shown in Table 1. The Ha/ICR mouse was used
in this study because of its susceptibility to forestomach
tumors after exposure to polycyclic hydrocarbons such as BP.
The incidence of tumor formation expressed as the carcinogenic
index is shown to be dose-dependent for the 12 week feeding
period. More than one tumor was found in each tumor-bearing
animal, and microscopic examination of forestomach revealed
that these tumors were of the squamous papilloma type. " After
20 weeks of BP feeding, all of the mice in the 200 ppm dietary
group were shown to have developed tumors, and in animals fed
higher dietary levels of BP (300 ppm), the tumors could not be
accurately counted because the entire lumen of the forestomach
was occluded by the formation of well-developed squamous cell
papillomas. No tumors were found in the forestomach of the
respective control mice. In addition, gross examination of
glandular stomach, lung and liver from control mice and those
fed BP were also found to be negative for the presence of tumors.

This report shows that the forestomach is susceptible to the
development of tumors after a l2-week feeding period of BP in the
diet of mice. Glandular stomach did not form tumors, thus .
appearing to be resistant to the carcinogenic action of BP. The
mechanism by which squamous cells of the forestomach give rise
to papillomatous tumors by feeding BP is not known. Selectivity
for tumor formation in forestomach has been previously reported
for BP in different strains of mice (23,26). Previous studies
(27,28,29,30) using different strains of mice have shown a
correlation between induction of BP hydroxylase activity and the
formation of tumors in various target organs by the polycyclic
hydrocarbon, 3-methylcholanthrene. Studies on DNA binding (10)
and mutagenic activity (11,12,13,14) in vitro of a large number
of BP derivatives suggest that the most active carcinogenic meta-
bolite of BP is the 78, 8a-dihydroxy-9a, 1l0a-epoxy-7,8,9,10-
tetrahydrobenzo(a)pyrene. Since the BP hydroxylase enzyme system



is thought to be essential for the metabolic activation of BP to
form this reactive epoxide, it is important to know whether the
basal level and/or the inducible level of BP hydroxylase activity
in tissues is associated with tumor formation by the administra-
tion of BP.

The induction of BP hydroxylase activity at the site of
tumor formation in forestomach, and in other tissues, is presen-
ted in Table 2. The basal level of BP hydroxylase in control
forestomach (0.212+0.03) was significantly higher than in the
glandular stomach (0.060+0.01); p< 0.01. After the mice were
fed for 12 weeks with BP, the BP hydroxylase activity was
increased by 4.2~ to 5.2-fold in forestomach, whereas induction
of BP hydroxylase was lower (2.2-3.9-fold) in glandular stomach.
In lung, the BP hydroxylase activity was significantly increased
by 1.6-fold only at the higher dietary level of BP. However,
in liver where the basal level of BP hydroxylase activity was
found to be highest of all tissues studied, chronic feeding of
BP did not cause induction of BP hydroxylase activity. BP
hydroxylase activity was also determined in these same tissues
and in small intestine and kidney, 24 hr after a single p.o. dose
(20 mg/kg) of BP (Table 3). Under these experimental conditions,
BP was found to increase significantly this enzyme system in
forestomach, glandular stomach, small intestine, and lung, but
kidney and liver BP hydrdxylase was not significantly changed.
Similar to our previous results with the chronic feeding of BP
presented in Table 2, after a single acute dose of BP, BP '
hydroxylase activity is induced to the greatest extent in fore-
stomach (4.3-fold); this is followed by glandular stomach (2.4-
fold), small intestine (2.3-fold), and lung (1.9-fold). The
basal level in control mice of BP hydroxylase activity was again
significantly higher in forestomach than in glandular stomach
(P< 0.01).

The results presented in Tables 2 and 3 of this report show
that the basal level of BP hydroxylase was higher in forestomach,
a site sensitive to tumor formation, than in glandular stomach.
Since no tumors were formed in tissues with higher basal enzyme
activity than forestomach, such as in lung, small intestine,
or liver, it seems unlikely that the basal level of BP hydroxy-
lase is the major factor in the tumorigenic effects of BP.

It was further shown in this report that, in all tissues
examined, the induction of BP hydroxylase activity was highest
in forestomach after either acute p.o. administration or chronic
dietary feeding of BP. Data similar to that reported in this
paper on induction of BP hydroxylase activity in various areas
of rat stomach were reported by Wattenberg et al. (31).  They



found that rat forestomach had moderate basal BP hydroxylase,
whereas, in the glandular portion, it was barely detectable.
After p.o. administration of 1,2-benzanthracene, forestomach was
approximately 5 times more active in enzyme activity than glandu-
lar stomach. 1In our experiments with mice, the BP hydroxvlase
activity was also approximately 3 to 5 times higher in fore-
stomach than glandular stomach after the administration of BP.

It is generally believed that BP must be metabolically
activated by the BP hydroxylase enzyme to form reactive carcino-
genic epoxides. Our findings in Ha/ICR mice of tumor formation
only in the forestomach associated with the highest level of BP
hydroxylase inducibility at this site following the administra-
tion of BP supports the hypothesis previously proposed by other
investigators (27,28,29,30,32) that induction of BP hydroxylase
is related to the formation of tumors following the administra-
tion of various carcinogenic polycyclic hydrocarbons. An expla-
nation as to why BP hydroxylase activity was also inducible in
glandular stomach, small intestine and lung, sites that had been
found to be resistant to tumor formation by the administration of
BP, is not available at the present time. Further studies com-

- paring forestomach with other tissues having inducible AHH

activity to form and/or inactivate the various tumorigenic
epoxides formed from BP may resolve the guestion as to why the
forestomach develops tumors and why other tissues with inducible
AHH activity do not develop tumors.

Studies on the effects of various levels of insecticides in
the diet on weight gain and forestomach tumor formation in Ha/
ICR mice can be seen in Table 4. In the case of the organophos-
phate insecticide parathion two experiments were carried out.

In the first experiment, levels of 100 and 150 ppm of parathion
were found to inhibit significantly weight gain after 12 weeks
of feeding. In the tumorigenic +testing of chemicals, factors
such as body weight changes are extremely important, for it 'is
well known that all other factors being equal, a decreased gain
in body weight reduces the occurrence of tumors (33,34). Since
the mice could not tolerate these high levels of parathion in the
diet, the experiment was repeated using a lower dose of 75 ppm.
Animals fed the lower dietary level of parathion (75 ppm), the
organochlorine insecticide toxaphene (100 to 400 ppm), or the
carbamate insecticide carbaryl (500 to 2000 ppm) showed no
significant difference in weight gain from their respective
controls after 12 weeks. Examination of forestomachs from the
control, parathion, toxaphene and carbaryl groups of mice re-
vealed no tumors grossly or microscopically. In addition, the
glandular stomach, liver, and lung from the controls and all

experimental groups showed no evidence of tumor formation when
examined grossly.

The data on tissue BP hydroxylase activity from mice ex-
posed to various levels of the three insecticides are presented
in Table 5. Parathion at a dosage level of 75 ppm showed no
change in BP hydroxylase activity in the liver and stomach; how-
ever, enzyme activity was significantly decreased in the lung.
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Toxaphene, fed at a level of 100 to 400 ppm, produced increases
in liver BP hydroxylase activity, and was found to decrease lung
BP hvdroxylase activity. ©No significant change in enzyme activity
in the stomach was observed for any of the dietary levels of
toxaphene tested. Furthermore, the data in Table 5 show that
carbaryl feeding did not affect BP hydroxylase activity in liver
and lung, but significantly decreased activity in stomach at the
highest dietary level (2000 ppm) tested. These results on the
inducibility of tissue BP hydroxylase activity after insecticides
are in agreement with the work previously reported by others
(35,36) which showed that enzyme induction after the adminis-
tration of various polycyclic hydrocarbons varies from tissue to
tissue in a given species or strain of animal.

-Studies carried out on the effects of these insecticides on
BP-induced tumors in the forestomach of Ha/ICR mice are pre-
sented in Table 6. A feeding level of 200 ppm BP was chosen for
these experiments based on our previous data (Table 1) showing
that this level of BP resulted in a tumor incidence of 67% of
the test animals, and did not affect weight gain during a 12-
week feeding period. The data show that neither parathion, nor
carbaryl affects the tumorigenic action of BP in forestomach.
When toxaphene was tested for its effects on BP-induced tumori-
genesis, 60% of the mice fed 200 ppm BP had squamous papillomas
of the forestomach. 1In mice fed a combination of 400 ppm toxa-
phene and 200 ppm BP, 87% had similar gastric tumors. Toxaphene
was found to increase the mean number of tumors per mouse, and
the Bross (25) rank t-test comparison revealed a statistically -
significant difference between groups. It should also be noted-
from the data presented in Table 4, that the weight gain in the
experimental group fed toxaphene and BP was significantly less
than in the control group fed BP only. Though nutritional factors
tional factors are known to affect tumor incidences and might
account for the observed increase of tumors, other investiga-
tors have reported that decreased body weight gain due to a
restricted caloric intake results in a decreased incidence of
tumors induced by carcinogenic hydrocarbons in various target
organs of mice (33,34). Therefore, the increased incidence of
tumors found after feeding both toxaphene and BP does not appear
to be related to the observed decreased growth rate in this
group.

A possible explanation for the increased incidence of BP-
induced forestomach tumors in Ha/ICR mice after exposure to the
organochlorine insecticide toxaphene, is that toxaphene itself
may be oncogenic. A study by the National Cancer Institute
reported that mice fed toxaphene for 22 months developed an
increased incidence of tumors in liver (unpublished data, 37).
Under the conditions of the present experiments, the shorter
time period (12 weeks) of feeding toxaphene may be inadeguate to
demonstrate an oncogenic effect. However, a suboncogenic
effect by toxaphene may be synergistic for the development of
forestomach tumors in mice fed the carcinogen BP in combination
with toxaphene. Some early experiments with male rats (38) show
that simultaneous feeding of the carcinogens 2-acetylamino-
fluorene and 3'-methyl-4-dimethylaminoazobenzene resulted in a



synergistic effect for the development of liver tumors.

Another more likely explanation for the increase in BP-
induced tumors found in forestomach is that toxaphene may act
as a cocarcinogen as defined by Berenblum (39). The type of
cocarcinogenic influence that toxaphene may be exerting is "a
permissive influence" affecting the metabolism of the oncogen
prior to its action. Detailed studies have shown that the
microsomal mixed function oxidase system has the capacity both
to activate chemicals such as BP to ultimate carcinogenic forms
and to detoxify them to inactive products (9,10,11,12,13,14).
BP hydroxylase is thought to be essential for the metabolism of
BP to form reactive carcinogenic epoxides. Before we can explain
any possible interactions between insecticides and BP, it is
important to know whether these insecticides alter BP hydroxy-
lase activity, especially in target organs.

Since toxaphene was found to enhance BP~-induced tumors in
forestomach, but not affect BP hydroxylase activity in whole
stomach, a short term (2 weeks) feeding experiment was conducted
to determine the effects of the various chemical prototype insec-
ticides on BP hydroxylase activity in forestomach, a site speci-
fic for induction of tumors by BP. For comparative purposes
enzyme activity was also measured in the glandular portion of
stomach. The results of this study are shown in Table 7. After
feeding mice for only 2 weeks with these insecticides, BP hydroxy-
lase activity was significantly increased in the forestomach by
parathion and toxaphene. No change was observed in forestomach
BP hydroxylase activity after the feeding of carbaryl. 1In the
glandular portion of the stomach, which is resistant to BP
carcinogenesis, there was no effect by the insecticides on BP
hydroxylase activity. From this data, we see that toxaphene
acts as an inducer of BP hydroxylase activity in that portion
of the stomach (forestomach) which is susceptible to the car-
cinogenic action of BP.

Similar studies on the interaction of insecticides and BP
were conducted on A/J mice, a strain with a high spontaneous
rate of lung tumors. A pilot study utilizing a small number of
A/J mice revealed that their weight gain was inhibited signi-
ficantly when the three prototype insecticides (parathion,
toxaphene and carbaryl) were fed at the maximum tolerated doses
previously established for the Ha/ICR strain of mice. For this
reason, it was necessary to reduce the dosage level of each
insecticide in the diet for further studies with the A/J strain
of mice. Data concerning the effects of feeding parathion in
the diet for 20 weeks on lung tumors are found in Table 8.

The data show that although mice treated with parathion had a
higher percentage of tumors than controls (43% vs. 13%), this
difference was not statistically significant. Because these
results were inconclusive, a second experiment was conducted
using larger groups of mice. The results with regard to the
gross examination of lung lesions found after parathion adminis-
tration appeared at first to be similar to those of the first

experiment and are presented at the bottom of Table 8. In this
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second experiment, however, careful microscopic examination re-
vealed that most of the lung lesions in the parathion group
were probably inflammatory rather than neoplastic in nature,
while those in the control group were considered to be neoplas-
tic. Thus the lesions seen grossly in the parathion group were
more likely due to infection rather than oncogenesis.

Data pertaining to the effect of parathion on BP-induced
tumors may be found in Table 9. Since BP treatment in the first
experiment caused all of the animals to develop lung tumors
after 20 weeks, a possible enhancing effect by parathion feeding
on BP-induced tumors ould not be demonstrated. Therefore, we
repeated the experiment for a shorter time period (16 weeks) in
an attempt to cause a BP-induced tumor incidence of approximately
50%. Table 9 shows m difference in the incidence of BP- .
induced tumors after parathion feeding for 16 weeks when compared
to the control group. Microscopic examination of tumors induced
by BP alone for the data presented in Table 9 indicated that 70%
of the lung tumors induced were alveolar, while 30% were of the
bronchiolar type. In the .group administered parathion and BP,
approximately 95% of the lung tumors were alveolar and the re-
maining 5% were bronchiolar.

Data relating to BP hydroxylase are shown in Table 10. The
results indicate that parathion fed in the diet for 20 weeks ,
and/or administration of BP orally did not affect BP hydroxylase
activity in liver, lung or forestomach.

Studies to determine whether the organochlorine insecti-
cide toxaphene affects the incidence of lung tumors, or affects
BP-induced tumors were carried out, and the data are presented
in Table 11. While toxaphene alone failed to affect the tumor
incidence in the lung of the A/J mouse, it was found to pro-
foundly decrease the formation of BP-induced lung tumors in
this strain of mice. Toxaphene decreased the percentage and:
the mean number of tumors per mouse induced by BP, and a rank
t-test comparison of the lung tumor incidence revealed that
there was a statistically significant difference between groups.
Microscopic examination of the lung from animals treated with
toxaphene and/or BP revealed that in mice given BP alone, 76%
of the lung tumors were the alveolar type and 23% were bronch-
iolar. In mice administered toxaphene and BP, 33% were alveolar
and 67% were bronchiolar. No inflammatory lesions were observed
in either of these groups. The data pertaining to BP hydroxy-
lase activity after toxaphene alone and in combination with BP
are presented in Table 12. By feeding 200 ppm of toxaphene
enzyme activity was induced in liver but not affected in fore-
stomach. More importantly, in lung where toxaphene feeding
was found to markedly decrease BP-induced tumors, there was
a significant decrease in BP hydroxylase. Thus, in the A/J
strain of mice toxaphene exerts a protective effect against
BP-induced tumors. This effect of toxaphene is associated
with a corresponding decrease in BP hydroxylase activity in
lung as the target organ. Other studies showing that inhibi-
tion of BP hydroxylase activity protects against tumorigenesis
have been reported by Gelboin et al. (40). These investigators
showed that 7,8-benzoflavone, when added to homogenates of skin
epidermis in vitro, inhibits BP hydroxylase activity. When
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applied topically, 7,8-benzoflavone inhibits the formation of
mouse skin tumors after repeated treatment with 9,10-dimethyl-
benzanthracene. :

The results presented in Table 12 on enzyme activity for
toxaphene are similar to those observed for 7,8-benzoflavone
on BP hydroxylase activity in different tissues of rats as
reported by Weibel et al. (41). These investigators found a
decrease in the lung, but an increase in liver BP hydroxylase
activity when these tissues were incubated with 7,8-benzo-
flavone in vitro. They concluded that at least two forms of
the BP hydroxylase enzyme complex exist. One form predominates
in hepatic tissue and the other predominates in extra-hepatic
tissues such as the lung. This may partly explain why toxa-
phene does not cause tumor formation in liver, although BP
hydroxylase is induced by this insecticide in this tissue.

It may be that liver has a different cytochrome P-450, which
forms metabolites of BP that do not covalently bind DNA, RNA
or other macromolecules which in turn initiate the carcino-

genic process in this organ. .

As shown in Table 13, the data with regard to carbaryl
feeding were similar to that observed for parathion. Mice that
were fed carbaryl alone had more tumors than the control mice
but the difference was not statistically significant. As with
the parathion study, we. repeated the original carbaryl study
using larger numbers of animals in order to obtain more con-
clusive results. Data for thée second experiment are presented
at the bottom of Table 13 and show no significant difference
in gross lung tumor incidence after carbaryl feeding. This
indicates that the previous results, which cast suspicion on
carbaryl as being tumorigenic, were probably due to chance.

In contrast to the parathion interaction study with BP,
carbaryl feeding for 20 weeks was found to enhance BP-induced
tumors in lung (Table 14). Since the tumor incidence for mice
given BP alone was close to 100% after 20 weeks, the experiment
was repeated for 16 weeks, a lesser time period, in an effort
to decrease BP-induced tumor incidence to approximately 50%.
The data from this second experiment in Table 14 show- that.
carbaryl did not affect the incidence of BP-induced lung tumors
after 16 weeks. The difference in the results of the two
experiments could be due to the different time periods.

Perhaps a longer time period is necessary for carbaryl to have
an effect. Further studies could be done utilizing a longer
time period (i.e. 24 weeks) and a lower dose of BP than we

used which would yield approximately a 50% tumor incidence.
After microscopic examination of lung tissue, 84% of the lung
tumors induced by BP alone were found to be alveolar and 16%
were bronchiolar. In mice given BP and carbaryl, 70% of the
lung tumors were alveolar, while 30% were bronchiolar. No in-
flammatory lesions were found in the lungs of these animals.
The data found in Table 15 show that lung BP hydroxylase was
significantly higher in mice fed carbaryl for 20 weeks and
given BP orally than in those administered BP only. As in
previous data of this report, this indicates an association
exists between induction of BP hydroxylase and enhancement

11



of BP-induced tumors. Data in Table 15 show carbaryl slightly
inhibited enzyme activity in forestomach, but this insecticide
did not affect liver BP hydroxylase activity.

Evidence from our research shows that increased BP hydroxy-
lase generally enhances tumor formation while a decrease in BP
hydroxylase has a protective effect against tumors. The rela-
tionship between enzyme inducibility and tumor formation may
ke due to the level of tumorigenic epoxides formed at target
organs. As the enzyme levels increase, more epoxide may be
formed, and conversely, as enzyme activity decreases, less
epoxide is formed. Enzyme inducibility, however, does not
always produce tumors. Additional research on these insecti-
cides is needed to study the binding of the epoxides to the
DNA, RNA and macromolecules which initiate the tumorigenic
process so that the whole mechanism for tumor enhancement may
be understood.

12
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TABLE 1. EFFECT OF VARIOUS LEVELS OF BP IN THE DIET ON BODY WEIGHT GAIN AND TUMOR FORMA-
TION IN FORESTOMACH OF Ha/ICR MICE ’

Mice were fed a diet to which had been added 5% corn oil (control) or 5% corn oil with 2
dosage levels of BP in the diet. Mice were 9 weeks old at the start of the experiment

and, after 12 or 20 weeks on the diet, were sacrificed for tumor count.
t

Experimental Amount of Duration Number Weight Mice Number Tumori-
Group Carcinogen of of Gain* with of Tumors/ genic
added to Diet Experiment Mice Tumors Mouse T Index
(ppm) (wk ) (g9) (%)
Control 0 12 14 8.3 0 0.0 0
BP 200 12 15 7.2 67 1.8%0.7 121
BP 300 12 14 6.7 100 4.0x2.1 400
Control 0 20 5 11.5 0 0.0+0.0 0
BP 200 20 6 11.2 100 4.8+2.2 480
BP 300 20 5 8.5 100 - # -

*Mean weight gain per group during interval between start of experimental diets and time
mice were killed.

* Mean + SD calculated for only tumor-bearing mice.
3Percentage of mice with tumors times the mean number of tumors per tumor-bearing mouse.

=Tumor count not available due to the tumors forming a large mass in the forestomach.
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TABLE 2. EFFECT OF VARIOUS LEVELS OF BP IN THE DIET ON TISSUE BP HYDROXYLASE ACTIVITY OF Ha/ICR
MICE

Mice were fed a diet to which had been added 5% corn .0il (control) or 5% corn oil with 2 dosace
levels of BP in the diet. Mice were 9 weeks old at the start of the experiment and, after 12

weeks, were sacrificed for enzyme assay. .The results are expressed as pmoles of 3-hydroxybenzo(a)

pyrene per mg of protein per min. Each value represents the mean * S.D. of 4 determinations, -

BP Hydroxylase Activity

Experimental Amount of . Forestomach Ratio*  Glandular Ratio Luna Ratio Liver - Ratio
Group Carcinogen _ stomach
Added to Diet
(ppm)
Control 0 0.212+0.03 0.06010.01 2.95+0.74 60.97+ 9.91
BP ' 200 0.833x20.28% - 4.2 0.131+0.01% 2.2 3.69+0.49 1.3 50.97+ 7.00 0.8
BP 300 1.100+0.43% 5.2 0.228+0.09t 3.9 4.57:0.88% 1.6 55.62+17.49 0.9

*Ratio, BP hydroxylase activity of mice receiving BP divided by the activity of the control group
tSignificantly different from control group (P< 0.01)

¥significantly different from control group (P< 0.05)
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TABLE 3. ACUTE EFFECTS OF BP ON TISSUE BP HYDROXYLASE ACTIVITY OF Ha/ICR MICE

Mice were given BP (20 mg/kg) p.o. in a 10% solution of ethanol in corn oil of 1% of body
weight 24 hr prior to sacrifice for measurement of enzyme activity. The corresponding controls
were given an equivalent amount of vehicle. The results are expressed as pmoles of 3-hydroxy-
benzo(a)pyrene per mg of protein per min. Each value represents the mean + S.D. of 3 to 4
determinations. '

BP Hydroxylase Activity

Experimental Amount of Forestomach Glandular Small
Group Carcinogen stomach Intestine Lung Kidney Liver
Given Orally
(mg/kqg)
Control 0 0.241+0.06 0.10340.02 8.49+4,.02 3.81*1.36 0.297%0.08 45,27+4, 38
BP 20 1.037+0.18* 0.251+0.09% 19.48+4.37Y 7.3140.77% 0.46320.17 53.45%6.35
Ratio®™ ' 4.3 2.4 2.3 1.9 1.6 1.2

*Significantly different from control group (P< 0.001)
*Significantly different from control group (P< 0.05)
*Significantly different from control group (P< 0.01)

#Ratio BP hydroxylase activity of mice receiving BP divided by the activity of the control groun



TABLE 4. EFFECT OF VARIOUS LEVELS OF PARATHION, TOXAPHENE AND
CARBARYL IN THE DIET ON BODY WEIGHT GAIN AND TUMOR FORMATION IN
THE FORESTOMACH OF Ha/ICR MICF

Mice were fed a diet to which had been added 5% corn oil (control)
or 5% corn oil with various dosage levels of insecticide. Mice
were 9 weeks old at the start of the experiment and, after 12
weeks on the diet, were sacrificed for tumor count.

Experimental Amount of Number of Weight Mice

Group Insecticide of . Gain¥* with
Added to Diet Mice , ‘ Tumors
(ppm) » » (g)

Control 0 15 . 10.1 -
Parathion 100 15 6.87 -
Parathion . 150 15 6.97 -
Control | 0 15 9.5 0
Parathion : 75 ~ - 16 8.3 0
Control 3 0o 15 9.0 0
Toxaphene 100 , 14 6.8 0
Toxaphene 200 15 6.8 0
Toxaphene 400 15 7.2 0
Control 0 | 15 7.2 0
Carbaryl 500 15 8.4 0
Carbaryl 1000 14 - 6.1 0
5.4 0

Carbaryl ' 2000 : - 15

——

*Mean weight gain per group during interval between start of
experimental diets and time mice were killed

Ysignificantly different from control group (P<40.01)
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TABLE 5. EFFECT OF VARIOUS LEVELS OF PARATHION, TOXAPHENE AND CARBARYL IN THE DIET ON
TISSUE BP HYDROXYLASE ACTIVITY OF Ha/ICR MICE

Mice were fed a diet to which had been added 5% corn oil (control) or 5% corn oil with
various dosage levels of insecticide. Mice were 9 weeks o0ld at the start of the experi-
ment and, after 12 weeks, were sacrificed for enzyme assay. The results are expressed
as pmoles of 3-hydroxybenzo(a)pyrene per mg of protein per min. Each value represents
the mean * S.D. of 4 or 5 determinations. ‘

LT

Experimental Amount of BP Hydroxylase Activity
Group Insecticide :
’ Added to Diet

(ppm) Liver Lung Stomach
Control 0 50.7%10.8 5.42%0.65 0.158+,092
Parathion 75 46.4+ 5.4 3.40+0.44% 0.195+.074
Control 0 66.8+11.4 .2.43+0.30 0.166+.018
Toxaphene 100 103.1+ 8.7% 0.54:0.18% 0.195%.069
Toxaphene 200 102.2+10.4% 0.33+0.10%" 0.302+.211
Toxaphene 400 99.3+14.9% 0.36+0.18% 0.232+.103
Control 0 54.9+% 6.7 4,32+1.,54 0.169%.035
Carbaryl 500 56.9* 3.8 3.76%1.18 0.144+.024
Carbaryl 1000 61.5% 6.9 3.47:0.81 0.206+.140
Carbaryl 2000 61.511.5 3.39+0.38 0.110+.042%

*Significantly different from control group (P< 0.05)
*Significantly different from control group (P< 0.005)

¥significantly different from control group (P< 0.001)
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" TABLE 6. EFFECT OF PARATHION, TOXAPHENE AND CARBARYL IN THE DIET ON BODY WEIGHT GAIN AND BP-

INDUCED TUMOR FORMATION IN THE FORESTOMACH OF Ha/ICR MICE

Mice were fed a diet to which had been added 5% corn oil (control) and BP, or 5% corn oil,
‘insecticide and -BP. Mice were 9 weeks old at the start of the experiment and, after 12 weeks
on the diet, were sacrificed for tumor count.

Experimental group

~ Amount of Amount of Duration Number Weight Mice Number Tumorigenic
Insecticide = Carcinogen - of of Gain % with of Tumors/ Index ¥
Added to Diet Added to Diet Experiment Mice - Tumors Mouse ¥
(ppm) (ppm) (wk) (g) (%)
Control " BP 200 12 13 4.3 53 2.5%0.5 133
Parathion 75 BP 200 12 13 5.2 53 2.1%*1.3 111
Control ’ BP 200 12 15 7.9 60 1.9%1.2 114
Toxaphene 400 BP 200 . 12 15 4.58 g7% 2.5%1.2 217
Control BP 200 12 14 7.9 43 1.740.8 73
7.5 43 2.3+1.9 99

Carbaryl 2000 BP 200 12 14

* Mean weight gain per group during intérval between start of experimental diets and time mice
were killed

¥ Mean t SD calculated from tumor-bearing mice
*Percentage of mice with tumors times the mean number of tumor per tumor-bearing mouse
*Significantly different from control group (P< 0.05)

§Significantly different from control group (P< 0.01)



TABLE 7. EFFECT OF PARATHION, TOXAPHENE AND CARBARYL IN THE
DIET ON TISSUE BP HYDROXYLASE ACTIVITY OF Ha/ICR MICE

Mice were fed a diet to which had been added 5% corn oil (con-
trol) or 5% corn oil with an insecticide. Mice were 9 weeks
old at the start of the experiment and, after 2 weeks, were
sacrificed for enzyme assay. The results ae expressed as
pmoles of 3-hydroxybenzo(a)pyrene per mg of protein per min.
Each value represents the mean * S.D. of 5 or 6 determinations
in each of which the pooled tissue of three mice were used.

Experimental Amount ©of BP Hydroxylase Activity
Group Insecticide
Added to Diet Forestomach Glandular Stomach

(ppm) '
Control ‘ 0 © 0.116+0.008 0.061+0.031
Parathion 75 0.136+0.011* 0.054+0.022
Toxaphene 400 0.145%0.017" 0.064+0.025
Carbaryl 2000 0.11440.011 0.047:0.026

*Significantly different from control group (P< 0.02)

t Significantly different from control group (P< 0.01)
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TABLE 8. EFFECT OF THE ORGANOPHOSPHATE INSECTICIDE PARATHION IN THE DIET ON WEIGHT GAIN AND
TUMORS OF THE LUNG OF A/J MICE

Mice were fed diets containing either: 5% corn oil (control) or 5% corn oil and 50 ppm para-
thion. Mice were 9 weeks old at start of experiment and after 20 weeks on the diet were
sacrificed for gross tumor count.

 Experimental Group  Amount of Number Weight Mice with Number of  Tumorigenic
: Insecticide of Gain* Tumors Tumors/ Index ¥
Added to Diet  Mice (g) (%) Mouse t
{ppm)

Experiment 1

‘Control 0 16 6.8 13 ~1.0%0.0 13

Parathion 50 - 14 7.8 43 * 1.0%0.0 43

Experiment 2

Control _ 0 32 7.0 19, 1.240.4 23

Parathion 50 32 7.5 37

*Mean welght gain per group durlng 1nterval between start of experimental diets and time
mice were sacrificed

tMean t SD calculated from tumor bearing mice
#Percentage of mice with tumors times the mean number of tumors per tumor bearing mouse
¥No significant difference between control group

¢ Upon microscopic examlnatlon most of the lesions were found to be inflammatory rather
than neoplastlc
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TABLE 9. INTERACTION BETWEEN THE ORGANOPHOSPHATE INSECTICIDE PARATHION IN THE DIET AND THE
CARCINOGEN BP (P.0O.) ON GROWTH RATE AND NEOPLASIA OF THE LUNG OF A/J MICE

Mice werc fed diets containing either 5% corn oil (control) and 3 mg BP given p.o. on the 7th
and 21st day of the experiment or 5% corn o0il and 50 ppm parathion and 3 mg BP given p.o. on
the 7th and 21st day of the experiment. Mice were 9 weeks old at start of experiment and
after 16 or 20 weeks on the diet were sacrificed for gross tumor count.

Experimental Group -Duration Number Weight Number Tumorigenic
. of of Gain*. Mice with of Index ¥
Amount of Amount of Experi~ Mice Tumors Tumors/
Insecticide Carcinogen ment (g) (%) Mouse ™
Added to Diet  Given Orally (wk)

(ppm)

Experiment 1

Control I © BP 20 - 15 . 6.8 100 4.3+2.4 430
3 mg p.o. {(2X)

"Parathion BP 20 15 7.3 100 3.9+2.1 390

50 3 mg p.o. (2X)

Expériment 2

Control II' ~ BP | 16 15 7.1 67 2.131.0 141

3 mg p.o. (2X) . :
Parathion BP 16 25 6.4 68 "1.8%0.6 122
50 3 mg p.o. (2X)

X Mean weight gain per group during interval between start of experimental diets and time mice
were sacrificed

t Mean * SD calculated from tumor bearing mice

¥ Percent of mice with tumors times the mean number of tumors per tumor bearing mouse
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TABLE 10. INTERACTION BETWEEN THE ORGANOPHOSPHATE INSECTICIDE PARATHION IN THE DIET
AND THE CARCINOGEN BP ON BP HYDROXYLASE. ACTIVITY OF THE LIVER, LUNG AND FORESTOMACH OF
A/J MICE

Mice were fed diets containing one of the following: 5% corn oil (control I}, 5% corn oil
and 50 ppm ppm parathion, 5% corn oil (control II) and 3 mg BP given p.o. on the 7th and
21st day of the experiment, or 5% corn oil and 50 ppm parathion and 3 mg BP given p.o. on
the 7th and 21st day of the experiment. Mice were 9 weeks o0ld at start of experiment and
after 20 weeks on the diet were sacrificed for enzyme assay. The results are expressed
as pmole of 3 hydroxybenzo(a)pyrene per mg of protein per min. Each value represents the
mean * S.D. of 4 determinations. ‘

Experimental Group B BP Hydroxylase Activity
Amount of .~ Amount of ' Liver Lung Forestomach *
Insecticide Carcinogen ‘ -
Added to Diet Given Orally

(ppm)
Control I "None _ 42.90t10.24 4.511+0.54 0.139+.136
Parathion . None A 44.45+ 7.68 v4.46io.21 0.124%0.0
50 ) : ,

Control II BP ' 47.55+14.09 ‘ 4.65%0.50 0.177%.064
C 3 mg p.o. (2X) . :
Parathion ‘ BP 45.08% 5.48 5.22+0.68 _ 0.152%.042

50 3 mg p.o. (2X)

X Three forestomachs were pooled per determination
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TABLE 11. INTERACTION BETWEEN THE ORGANOCHLORINE INSECTICIDE TOXAPHENE IN THE DIET AND THE
CARCINOGEN BP ON WEIGHT GAIN AND TUMORS OF THE LUNG OF A/J MICE

Mice were fed diets containing one of the following: 5% corn o0il (control I), 5% corn oil
and 200 ppm toxaphene, 5% corn oil (control II) and 3 mg BP given p.o. on the 7th and 21lst
day of the experiment, or 5% corn oil and 200 ppm toxaphene and 3 mg BP given p.o. on the
7th and 21lst day of the experiment. Mice were 9 weeks old at start of experiment and after
20 weeks on the diet were sacrificed for gross tumor count

Experimental Group

Amount of Amount of Number Weight Number Tumorigenic
Insecticide Carcinogen of Gain¥* Mice with of Tumors/ Index #
Added to Diet Given Orally Mice (9) Tumors Mouse+

(ppm) (%)

Control I None 17 7.3 : 23 1.0+0,0 ' 23
Toxaphene None 15 6.7 7% 1.0+0,0 7
200

Control II BP 18 6.2 100 7.2%3.5 720

3 mg p.o. (2X) . A

Toxaphene BP 15 6.9 673 1.640.8 107
200 3 mg p.o. (2X) '

*Mean weight gain per group during interval between start of experiment and time mice were
sacrificed :

T Mean * SD calculated from tumor bearing mice
* percentage of mice with tumors times the mean number of tumors per tumor-bearing mouse
#NS: no significant difference between control I group

3 Significantly different from control II given BP (P< 0.001)
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TABLE 12. INTERACTION BETWEEN THE ORGANOCHLORINE INSECTICIDE TOXAPHENE IN THE bIET AND

~ THE CARCINOGEN BP ON BP HYDROXYLASE ACTIVITY OF THE LIVER, LUNG AND FORESTOMACH OF A/J

MICE

Mice were fed diets containing one of the following: 5% corn o0il (control I), 5% corn oil
and 200 ppm toxaphene, 5% corn o0il (control II) and 3 mg BP given p.o. on the 7th and 2lst
day of the experiment, or 5% corn oil and 200 ppm toxaphene and 3 mg BP given p.o. on the
7th and 21st day of the experiment. Mice were 9 weeks old at start of experiment and after
20 weeks on the diet were sacrificed for enzyme assay.: @ The results are expressed as pmole
of 3—hydroxybenzo(a)pyrene per mg proteln per min. Each value represents the mean * S.D.
of 4 determinations '

Experimental Groqp BP Hydfoxylase Activity
: . .

Amount of Amount of ' . Liver Lung Forestomach *
Insecticide Carcinogen
Added to Diet Given Orally

(ppm) '
Control I - None _ 26.74t 5.57 . 2.58%0.60 4 0.082+0.012
Toxaphene None | '49.43413.78% 0.6140.16 % 0.101+0.018
200
Control II BP 31.17+ 9.98 ’ 2.5110.57 0.075%0.020

: 3 mg p.o. (2x)

Toxaphene BP 64.23:17.61 % 0.85%0.06> 0.075%0.010
200 3 mg p.o. (2x) .

* Three forestomachs were pooled per determination
tsignificantly different from control I group (P« 0.025)
¥Significantly different from control I group (P4 0.001)
”Slgnlflcantly different from control II group. (P< 0.020)
8 significantly different from control II. group (P4 0.005)
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TABLE 13. EFFECT OF THE CARBAMATE INSECTICIDE CARBARYL IN THE DIET ON WEIGHT GAIN AND

TUMORS OF THE LUNG OF A/J MICE

Mice were fed diets containing either 5% corn oil (control) or 5% corn oil and 1000 ppm

carbaryl. Mice were 9 weeks old at start of experiment and after 20 weeks

were sacrificed for gross tumor count.

on the diet

Experimental Amount of Number Weighﬁ Number Tumorigenic
" Group Insecticide of Gain* Mice with of Tumors/ Index ¥

Added to Diet Mice (%) Tumors Mouse ¥

(ppm) (%)

Experiment 1
Control 0 11 5.4 9 1+0.0 9
Carbaryl 1000 16 6.0 31 # 1.240.4 37
Experiment 2
Control 0 31 6.3 23 1.1+0.4 25
Carbaryl 1000 31 5.9 10%¥ 1.3%0.6 13

*Mean weight gain per group during interval between start of expériment and time mice

were sacrificed

TMean * SD calculated from tumor bearing mjice

*Percentage of mice with tumors times the mean number of tumors per tumor bearing mouse

#NS: no significant difference between control group
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TABLE 14.
GEN BP

INTERACTION BETWEEN THE CARBAMATE INSECTICIDE CARBARYL IN THE DIET AND THE CARCINO-
(P.0.) ON GROWTH RATE AND NEOPLASIA OF THE LUNG OF A/J MICE

Mice were fed diets containing either 5% corn. oil (control) and 3 mg BP given p.o. on the 7th
and 21st day of the experiment or 5% corn oil and 1000 ppm carbaryl and 3 mg BP given p.o. on

the 7th and 21st day of the experiment.

Mice were 9 weeks o0ld at start of experiment and after

16 or 20 weeks on the diet were sacrificed for gross tumor count.

Experimental Group

of Number

Duration Number Weight Tumori-
Amount of Amount of of of Gain¥X Mice with of Tumors/ genic
Insecticide Carcinogen Experiment Mice (g) Tumors Mouse t Index
Added to Diet Given Orally (wk) (%)
(ppm) ' v
Experiment 1
Control I © BP 20 17 5.6 88 3.7:2.3 326
3 mg p.o. (2X)
Carbaryl BP 20 18 5.7 100% 5.7+5.9 570
1000 3 mg p.o. (2X) '
Experiment 2
Control II BP 16 31 6.0 55 1.330.8 71
-3 mg p.o. (2X)
Carbaryl BP 16 34 5.7 47 1.420.6 66
1000

3 mg p.o. (2X)

*Mean weight gain per group during interval between start of experiment and time mice were

sacrificed

Mean * SD calculated from tumor bearing mice

¥percent of mice with tumors times the mean number of tumors per tumor bearing mouse

‘ﬁSignificantly‘different from control I group (P< 0.05)
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TABLE 15. INTERACTION BETWEEN THE CARBAMATE INSECTICIDE CARBARYL IN THE DIET AND THE
CARCINOGEN BP ON BP HYDROXYLASE ACTIVITY OF THE LIVER, LUNG AND FORESTOMACH OF A/J MICE

Mice were fed diets containing one of the following: 5% corn oil (control I), 5% corn
0il and 1000 ppm carbaryl, 5% corn oil (control II) and 3 mg BP benzo(a)pyrene given p.o.
on the 7th and 21st day of the experiment, or 5% corn oil and 1000 ppm carbaryl and

3 mg BP given p.o. on the 7th and 21st day of the experiment. Mice were 9 weeks old at
start of experiment and after 20 weeks on the diet were sacrificed for enzyme assay.

The results are expressed as pmoles of 3-hydroxybenzo(a)pyrene per mg of protein per
min. Each value represents the mean * S.D. of 4 determinations.

Experimental Group BP Hydroxylase Activity
Amount of Amount of Liver Lung Forestomach %
Insecticide Carcinogen
Added to Diet Given Orally
(ppm)
Control I None 39.76+7.45 3.87+0.57 0.099+0.000
Carbaryl None 45.68+4.27 3.6040.36 0.084%0.008 T
1000 '
Control II BP 42.11+6.14 3.06+0.28 0.102%0.015
3 mg p.o. (2x)
Carbaryl BP 41.45+6.32 3.8610.21t 0.070+0.008 *F

1000 3 mg p.o. (2x)

*Three forestomachs. were pooled per determination
+Significantly different from control I group (P< 0.05)
tSignificantly different from control II group (P< 0.005)

#gignificantly different from control II group (P< 0.02)
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