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TABLEAU 5
RESULTATS MENSUELS DES TESTS DE REMANENCE

EFFECTUES AVEC DES FEMELLES D'A. FUNESTUS GORGgES ET GRAVIDES
DANS LES CASES TRAITEES LE 15. IX. 1964

Case trait6e par l'OMS-43 Case traitee par l'OMS-658

Total Mortalite Total Mortalit6
des brute corrigee des brute corriq4e

captures globale ( ( captures globale ( (%)

Septembre 240 240 100 100 240 240 100 100

Octobre 340 288 85 85 340 322 95 95

Novembre 300 139 46 46 300 76 25 25

D6cembre 500 96 19 19 500 88 18 18

Janvier 200 36 18 16 300 30 10 8

TABLEAU 6
MORTALIT9 GLOBALE DE A. GAMBIAE AU COURS DE LA PERIODE D'OBSERVATION

DES CASES PIEGES APRES LEUR TRAITEMENT

Case t4moin Case traitee par I'OMS-43 Case traitee par l'OMS-658
Femelles Total Mortalite Total Mortalite Total Mortalit6

des des des
captures globale _% captures globale % captures globale |_%

A jeun 16 0 _-a 8 8 -a _ - -a

Gorgees 57 1 1175 115 113 98,26 126 69 54,76

Total 73 -_ 123 - - 126 -

a Les pourcentages de mortalit4 ne sont pas calcules pour des effectifs inf6rieurs Ii 25.
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Certain alkylating agents show promise as chem-
icals for the sterilization of insects. Of these,
metepa (tris[l-2(2-methylaziridinyl)] phosphine
oxide) is the compound that has received the most
study.a The acute and subacute toxicity of this

a Smith, C. N. (1963) Bull. Wld Hith Org., 29, Suppl.,
P. 99.

compound in Sherman-strain rats has been reported
previously.b This earlier study indicated a cumula-
tive toxic effect of the compound or its metabolites
on the rat testis. Therefore, the chronic toxicity of
this alkylating agent was investigated further.

b Gaines, T. B. & Kimbrough, R. D. (1964) Bull. Wld
Hlth Org., 31, 737.
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Materials and methods
A total of 95 male Sherman-strain rats 5-6 weeks

old at the beginning of the experiment were caged
individually and given a commercial laboratory-
animal ration (Purina Laboratory Chow) and water
ad libitum. The rats were divided into four groups
of 20 and one group of 15. Three groups of 20 ani-
mals were given a water solution of metepa by
stomach tube at dosages of 0.625 mg/kg/day,
2.5 mg/kg/day and 5.0 mg/kg/day. There were two
control groups; 20 rats were dosed daily by stomach
tube with tap-water, and the remaining 15 animals
received no treatment whatever but served as a check
on the process of stomach-tubing. At the age of
90-100 days, 12 rats from each of the five groups
were chosen at random and mated individually to
young adult females of previously established
fertility. The remaining rats in each group were held
in reserve to replace any of the animals in the breed-
ing experiment that might die. The animals that
received metepa at the rate of 0.625 mg/kg/day or
2.5 mg/kg/day were given the compound for eight
weeks before they were mated for the first time, and
they continued to receive the compound until the
end of the experiment; that is, after 422 doses given
over the same number of days. The animals given
5 mg/kg/day were dosed for only three weeks prior
to the first mating. This group was dosed for a total
of only 155 days and then observed for possible
recovery of fertility.
The methods employed for breeding and examin-

ing rats have been described previously in greater
detail. b Briefly, the animals were mated at intervals
of four to eight weeks. They were pair-caged for
10 days, and early-morning vaginal smears were
examined for the presence of sperm. The offspring
were examined clinically after birth and at weaning.

Total white-blood-cell counts were performed just
prior to the first mating and about six and 10 months
after the onset of the experiment. All adult male
rats that died during the experiment were autopsied,
the tissues were fixed in neutral 10% formol, and
sections were stained with routine hematoxylin-
eosin stain.
The possibility that metepa has teratogenic pro-

perties was investigated also. For this purpose,
female rats were given either a single intraperitoneal
injection of metepa dissolved in normal saline on the
twelfth day of pregnancy or daily intraperitoneal
injections on the seventh through thirteenth days of
pregnancy. An equal number of pregnant control
rats were injected intraperitoneally with normal

saline according to the same schedule. The first day
of pregnancy was established by examining vaginal
smears for sperm. On the twentieth day of preg-
nancy, counting the first day of pregnancy as day
zero, the rats were anaesthetized with ether and the
offspring removed by caesarean section. The
methods outlined by Wilson c were followed in
examining the young. Briefly, all foetuses and pla-
centas were blotted dry and weighed immediately
after their removal from the uterus. All the young
were examined, and then about half of them were
fixed in Bouin's solution and later serially sectioned
by hand and examined under the dissecting micro-
scope. The remaining animals were fixed in 95%
ethyl alcohol and examined for anomalies of the
skeleton after clearing the tissue with potassium
hydroxide and staining the bones with alizarin red.

Results and comment
In the tests in which male rats were given metepa

by stomach tube, the total number of litters and the
average number of offspring per litter born alive
were reduced in the groups dosed at the rates of
2.5 mg/kg/day and 5.0 mg/kg/day, but the survival
rate of the offspring was not affected (see the table).
The number of animals born alive was significantly
reduced even in the first offspring of the males that
received these dosages when they were compared
with the animals given tap-water by stomach tube
(73 offspring from the 2.5-mg/kg/day group in the
first litters and 64 from the 5.0-mg/kg/day group,
compared with 113 from sires given tap-water injec-
tions; P= <0.01 and <0.001). As shown in the
accompanying figure, there was a small and gradual
reduction of the fertility of the controls (attributable
largely to the females). However, in addition to this
small change in the control group and in addition to
the reduction of fertility observed at the first mating,
there was a progressive reduction of fertility at sub-
sequent matings in rats dosed at the rates of
2.5 mg/kg/day and 5.0 mg/kg/day. The progressive
decrease was more marked in connexion with the
number of litters produced than with the number of
live young in the litters that were born. There were
occasional stillbirths, but the proportion of these
from females mated with males treated with metepa
was no greater than that from females mated with
the control males. Within six months after dosing

c Wilson, J. G. (1965) Methods for administering agents
and detecting malformations in experimental animals. In:
Wilson, J. G. & Warkany, J., ed., Teratology, principles and
techniques, Chicago, University of Chicago Press, pp. 262-
277.
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SUMMARY OF REPRODUCTION AND SURVIVAL FROM MALE RATS GIVEN METEPA
DAILY BY STOMACH TUBE FOR 315 DAYS a

Metepa j Total No. No.~~~~~~~Ratio: 1 AeaeN.prltedosage level No. of test Total No. Toft ittNos 1 of lifters Average No. per liter Survival
(mo/kg/day) males of matings born alive No. of matings(mg/kg/day) born alive M ~~~~~Born alive Weaned

o 12 72 56 78 10.8 9.6 89

0 12 72 51 71 9.8 8.9 91

0.625 12 72 56 78 9.5 9.1 96

2.5 12 72 45 63 5.6 5.0 89

5.0 b 12 60 26 43 4.8 4.5 94

a Values based on results for seven mating periods during metepa exposure.
li The group receiving 5 mg/kg/day of metepa was exposed for 140 days at the time of the fifth mating, which produced only

one litter from 12 matings. Metepa was then discontinued after 155 days. Matings at 4 and 11 weeks showed little or no improvement
in fertility, but complete recovery of fertility occurred within 6 months.

was stopped in the group receiving 5.0 mg/kg/day,
the fertility of these animals had returned to normal.
The animals given 0.625 mg/kg/day did not show

any diminution of fertility as compared with con-
trols even after a total exposure of 45 weeks. The
results regarding fertility in this experiment are con-
sistent with those reported earlier in the shorter-term
experiment. b
The mean total white-blood-cell counts were

lower in the rats given metepa at the rate of 5 mg/kg/
day at the end of their dosage period and in those
given 2.5.mg/kg/day after about 10 months than the
-counts in the control rats; mean values were 13 280,

14 910 and 18 780, respectively. However, the
differences were not statistically significant.

Five of the 20 rats given tap-water daily by stom-
ach tube and one of 20 rats given 0.625 mg/kg/day
of metepa died during the course of the study. One
of the rats given water only and the one given metepa
both died of stomach-tube injury. Eleven of 20 rats
given metepa at the rate of 2.5 mg/kg/day died, as
did 12 of 20 rats given 5 mg/kg/day. The deaths of
five rats in the former group and two in the latter
group were caused by stomach-tube injury. Three
lymphatic leukaemias occurred in the group that
was given metepa at the rate of 2.5 mg/kg/day.

AVERAGE NUMBER OF LIVE YOUNG PER LITTER PRODUCED BY A GROUP OF UNTREATED FEMALE RATS MATED
INDIVIDUALLY TO MALES THAT HAD RECEIVED THE INDICATED ORAL DOSAGES OF METEPAa

14

120-C8NONTROL L 6L0

W4 l~~~~~~~~~~4 ~~~~~~~ II 2.5 ~ ~ ~ .......(
8~

NUMBER OF DOSES RECEIVED AT TIME OF BREEDING .,o 60070

a The figure at each point indicates the number of litters produced from 12 matings.
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Two other lymphatic leukaemias, one chloroleukae-
mia, and a brain tumour occurred in the animals
given 5 mg/kg/day. The first animal to develop
leukaemia in this latter group was seven months old
at the time of death. The other of the two last-
mentioned lymphatic leukaemias was successfully
transplanted into six of eight three-day-old suckling
rats by injecting them with 0.2 ml of homogenized
spleen intraperitoneally.
The brain tumour (an astrocytoma) occurred in a

male rat that was about 12 months old at the time of
death. Grossly, the soft, tan-coloured tumour,
which measured about 0.4 x 0.5 x 0.7 cm, occupied
the anterior third of both cerebral hemispheres.
Microscopically, it consisted of fairly uniform cells
with round nuclei, a few of which contained mitotic
figures. The cells were separated from each other
by a moderate amount of extracellular glial fibrils.

Spontaneously occurring leukaemias and brain
tumours are rare in rats d-f and have not been
observed to occur spontaneously in our colony.
However, brain tumours have occasionally been
induced in rats by systemically administered
alkylating agents such as methylnitrosourea and
2,7-bis-acetylaminofluorene. g,h The ability of alkyl-
ating agents to produce a variety of other tumours,

d Cohrs, P., Jaff6, R. & Meessen, H. (1958) Pathologie
der Laboratoriumstiere, Berlin, Springer Verlag, vol. 1,
p. 782.

c Fisher, W. & Kuhl, I. (1958) Geschwulste der Labora-
toriumsnagetiere, Dresden, Steinkopf.

f Kimbrough, R., Gaines, T. B. & Sherman, J. D. (1964)
J. nat. Cancer Inst., 33, 215.

9 Druckrey, H., Ivankovic, S. & Preussmann, R. (1964)
Naturwissenschaften, 51, 144.

h Snell, K. G., Stewart, H. L., Morris, H. P., Wagner,
B. P. & Ray, F. E. (1961) J. nat. Cancer Inst., 5, 85.

particularly at the site of application, was reviewed
recently.'

In the tests involving intraperitoneal injection of
female rats, metepa was shown to be teratogenic.
Following injection at the rate of 30 mg/kg on the
twelfth day of pregnancy, six female rats produced
40 resorptions and 43 foetuses, 16 of which were
dead. All of the 27 live and 16 dead foetuses had
malformations, some multiple. The incidence of
ectrodactylia was 100% in the front paws and 33%
in the hind paws. One foetus had hydrocephalus.
Two instances of webbed toes in the hind paws, four
instances of meningocele, and five instances of kinky
tail were encountered. The average birth weight of
the foetuses (1.47 g) was significantly reduced
(3.44 g as against 1.47 g; P < 0.001) and the average
weight of the placentas was also significantly lower
(0.53 g as against 0.20 g; P <0.001). When daily
injections of metepa were given intraperitoneally on
days 7 through 13 of pregnancy, the injury detected
at the lowest dosage was reduction of the average
weights of the foetuses and the placentas. Even a
dosage of 1.25 mg/kg daily for seven days resulted
in a significant reduction in the weight of the foetus
(3.50 g as against 3.22 g; P < 0.001) and the placenta
(0.558 g as against 0.451 g; P <0.001).

In summary, the sterilizing effect of metepa in
male rats was confirmed, and carcinogenic and
teratogenic properties of the compound were estab-
lished. Whether the teratogenic potential is the one
to which the rat is the most sensitive cannot be
determined from this study, since the route of
administration of the compound varied.

i Hayes, W. J., Jr (1964) Bull. Wld Hlth Org., 31, 721


