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Toxicity of Metepa to Rats
With Notes on Two Other Chemosterilants

THOMAS B. GAINES 1 & RENATE D. KIMBROUGH 2

Although tepa, metepa, and apholate are only moderately toxic to rats by the oral route,
the dermal toxicity of the first two is relatively high as compared with that of conventional
insecticides. In the experiments reported, metepa caused no damage to the intestinal
epithelium of rats, except following single doses in the fatal range. The organ primarily
affected by repeated small doses of metepa is the testis; the ovaries and bone marrow are
damaged only by higher dosage levels. Metepa at an oral dosage of 5 mg/kg/day (about
4 % of the acute oral LD50 level daily) produced severe reduction offertility of male rats
within 22 days, sterility within 70 days, and testicular atrophy within 77 days. Half that
dosage produced a smaller reduction in fertility and only partial testicular atrophy in some
rats within 197 days. Dosages of 1.25 mg/kg/day or less produced no detectable effect on
fertility and no histological change in the testis in 197 days. The survival of newborn rats
was not affected by any dosage given to their sires.

The development and successful application of the
sterile-male technique for control of the screw-worm
fly, Callitroga hominivorax, in the south-eastern
USA brought great financial benefits to livestock
producers in the area. Control of the native popu-
lations of screw-worm flies was achieved by the
release of large numbers of insectary-reared flies,
made sexually sterile by ionizing radiation (Baum-
hover et al., 1955; Bushland & Hopkins, 1951;
Knipling, 1959, 1960). There is interest in using this
technique for the control of other insects. However,
there are certain practical disadvantages inherent in
insect control that depends on gamma-radiation as
the sterilizing agent. These disadvantages might be
overcome by the use of chemical sterilants (Knipling,
1955, 1959; Lindquist, 1961).
Smith (1963) recently reviewed the progress made

in the development of chemical sterilants. From
considerable laboratory investigation and some field
study it appears that certain alkylating agents are
the most promising chemicals for sterilization of
insects. Of the alkylating agents studied to date,
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metepa (tris[1-2(2-methylaziridinyl)] phosphine
oxide) has been the most studied and is the most
promising for both flies and mosquitos. Two other
analogues of ethyleneimine-tepa (tris(l-aziridinyl)
phosphine oxide) and apholate (2,2,4,4,6,6-hexa-
hydro -2,2,4,4,6,6-hexakis(l - aziridinyl) - 1,3,5,2,4,6 -
triazatriphosphorine)-are also promising.
Wheeler (1962) published a review of the chemical

and biochemical modes of action of cytotoxic
alkylating agents. Hayes (1964) 3 has reviewed the
toxicology of these compounds. Although they are
known to produce a wide range of effects, their long-
term toxicity has not been studied sufficiently to
indicate which tissue or which physiological function
is most sensitive to any one of them.

This paper reports on the toxicity of metepa in
rats, including its effect upon reproduction when
given repeatedly over a long period of time to males.
The paper also reports the acute toxicity of tepa and
apholate.

MATERIALS AND METHODS

The rats used in these studies were of the Sherman
strain. With specified exceptions, they were indi-
vidually caged, weighed at least once a week, and
observed daily at least five days a week for symptoms

3See the article on page 721 of this issue.
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of poisoning. The preparation of the rats for dermal
application of the chemosterilants was similar to
that described by Gaines (1960).
The compounds tested were of technical grade.

Except when given to rats as a component of the
diet, the compounds were dissolved in water in the
appropriate concentrations for the volume of solu-
tion to be given by stomach tube at a constant rate
of 5 ml per kg of body-weight or by the dermal route
at a rate of 1.6 ml/kg. Fresh solutions were prepared
daily. In tests involving use of the stomach tube,
control rats were given plain water. The volume of
metepa solution given daily by stomach tube was
adjusted each week for changes in body-weight of
the rats.
The metepa-poisoned diets were prepared each

week. The amount of metepa needed to make the
most concentrated diet in use at the time was
dissolved in 50 ml of ether and mixed with 50 g of
corn starch. The ether was evaporated, and the
mixture of metepa and corn starch was added to a
sufficient quantity of ground Purina Laboratory
Chow 1 to make the desired dietary concentrations.
Each of the less concentrated metepa diets was
prepared by mixing an appropriate amount of the
highest dietary level with sufficient quantity of
ground chow. Each batch of diet was thoroughly
mixed, using a bakery-type electric mixer, and
stored under refrigeration. Ample food was provided
for the rats by filling their food cups twice a week.
All uneaten food was discarded each time fresh diet
was provided.
Blood for white blood cell counts (WBC) and

peripheral blood smears was obtained from the rats
by tail clipping. The blood smears were stained with
Wright's stain. Tissues for microscopic study were
fixed in buffered 10% formol, and routine haema-
toxylin and eosin stains were done.

Acute toxicity
Acute oral and dermal LD50 values were de-

termined in adult male rats weighing 256-395 g
and in females weighing 185-254 g. The rats were
held for a minimum of 22 days for observation
following poisoning. The LD50 values were calcu-
lated by the method of Litchfield & Wilcoxon (1949).

Chronic toxicity
Ninety-six male rats, 4-6 weeks old, were equally

distributed into eight groups according to a table of

1 Ralston Purina Co., St. Louis, Mo. Use of trade
names is for identification purposes only and does not
constitute endorsement by the Public Health Service.

random numbers. Four groups (1-4) were fed
metepa in their diet at levels of 0, 200, 400, and
1000 ppm, respectively. The other groups (5-8)
were given metapa daily by stomach tube at dosage
levels of 0, 5, 10, and 20 mg/kg/day, respectively, for
105 days. White blood counts and differential
counts were made on all rats before dosing was
begun and on all survivors after 36, 70, and 104 days
of dosing. The left testis was removed by surgery
for microscopic study from five rats in each group
on the 55th day of poisoning, using sodium pento-
barbital anaesthesia. The food consumption of all
rats in groups 1-4 was measured on days 5-19, 47-53,
and 89-100. The surviving rats were sacrificed on
the 105th day. They were examined routinely at the
time of spontaneous death or sacrifice, and the
testes were taken for microscopic study.
To study the spontaneous reversibility of testicular

atrophy caused by metepa, 42 male rats, 6-8 weeks
old, were randomly distributed into two groups of
30 and 12 each. The first group was fed metepa at a
dietary level of 1000 ppm, and the other group
(controls) was fed the same diet without added
metepa. When poisoning was discontinued on the
66th day, the controls and the rats fed metepa were
randomly distributed into three subgroups each to
be sacrificed after 0, 50 and 100 days, respectively.
At the time of sacrifice the testes were removed,
weighed and prepared for microscopic study.

Effect of metepa upon reproduction in male rats

Thirty-five 3.5- to 4.0-month-old male rats of
known fertility were distributed into five groups of
seven rats each according to a table of random
numbers. The five groups of rats (1M to 5M) were
given metepa by stomach tube at dosage levels of
0, 0.31, 0.62, 1.25 and 2.50 mg/kg/day, respectively,
for 197 days. Beginning on the 15th day of metepa
exposure, the males were bred every two weeks
through the sixth breeding cycle, and then at less
frequent intervals, to non-poisoned females of
known fertility. Four groups of 35 females each were
used so that no female was bred more often than
once in eight weeks. The males and females were
mated in pairs and confined together for seven days
at each mating. A vaginal smear from each female
was examined microscopically early each morning
for the presence of sperm for five consecutive days
(or less in females inseminated earlier). After mating,
the females were caged individually in litter cages.
At each successive mating the pairing of the rats
was rotated so that no female was ever bred to the
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THE ACUTE TOXICITY OF
TABLE I

CHEMOSTERILANTS BY THE ORAL AND DERMAL ROUTES IN ADULT RATS

I LD,o ~~~~95% confi- Lowest 1 SurvivalCompound Route x No. Sex LD50 3dence limits dose (mg/kg) time (day) a

Sex (mg/kg) Dso (mg/kg) Tested Lethal Range Mean

Oral
60 M 136 93-199 50 50 3-17 6

Metepa 60 F 213 164-277 100 150 2-11 5

Dermal 50 M 183 156-214 100 150 4-15 7

Tepa
Oral 50 M 37 27- 51 20 20 3-15 7

Dermal 50 M 87 59-128 50 75 3-17 7

Oral
60 M 98 82-118 50 75 3-13 6

Apholate 50 F 113 90-141 75 75 3-13 5

Dermal 70 M 400-800b - 300 300 2-17 7

a Based on rats that died.
b Estimated.

same male a second time or to another male in the
same group. No female was mated until at least
seven days after her last litter was weaned. A sixth
group of rats (6M) given 5.00 mg/kg/day was
introduced into the experiment after it had been in
progress for 112 days. All of the offspring from the
males in groups 1 M, 4M, 5M, and 6M were autopsied
and subjected to a gross examination at the time of
sacrifice. At the second mating and at every third
breeding thereafter, litters from two males in each
of these groups were selected at random and held
for observation until they were 90-100 days old.
All other litters were destroyed when weaned. At
the conclusion of the test, peripheral WBC values
were determined on all the survivors in groups
I M-5M, and autopsies were performed.

RESULTS

Acute toxicity
The results of studies on the acute toxicity of

metepa, tepa, and apholate are shown in Table 1.
The oral toxicity of metepa is about the same as
that of DDT but-quite unlike DDT-it is almost
as poisonous by the dermal route as when given by
stomach tube. Female rats are slightly less susceptible
than males to the acute effects of metepa.
Both the oral and dermal toxicities of tepa are

similar to those of dieldrin. The oral toxicity of
apholate is intermediate between those of metepa
and tepa, but it is distinctly less toxic by the dermal
route than either of the others.

Time from dosing until death averaged 5-7 days
for all three compounds studied and was independent
of the route or level of dosage. Typical signs of
poisoning were severe diarrhoea, anorexia, and some
respiratory difficulty.
Four male and five female rats given approxi-

mately an acute LD50 dose of metepa (150 mg/kg
and 225 mg/kg in males and females, respectively)
were sacrificed when their death appeared imminent.
The major findings were confined to the gastro-
intestinal tract, the bone marrow, the spleen, and
the lymph-nodes. The epithelium of the gastro-
intestinal tract, particularly that of the ileum, was
degenerated and the wall showed haemosiderin
deposits. In addition, fresh haemorrhage was
observed in the wall and in the lumen of the ileum
and jejunum in some rats. There was pronounced
hypoplasia of the bone marrow. The spleen was
smaller and weighed less than normal and the
lymphocytes appeared to be reduced on microscopic
examination. Markedly dilated sinuses were observed
in the lymph-nodes, which contained in their stroma
many haemosiderin-laden macrophages. Less fre-
quent changes included slight intra-alveolar haemor-
rhage of the lungs, mild fatty metamorphosis of the
liver, and necrosis of the tubular epithelium of the
kidney. An effect on the reproductive organs was
not observed in the animals killed by an acute toxic
dose or in those that survived and were sacrificed
within 20 days after such a dose. However, when
45-50-day-old male rats were given a single dose of
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100 mg of metepa per kg of body-weight in water by
stomach tube and the animals were allowed to live
for 50 days before the testes were examined, some
of the animals showed either complete or partial
testicular atrophy.

The white blood count as an index of poisoning by
metepa
Metepa given by stomach tube at a rate of 50 mg/

kg/day (about a third of an LD50 dose daily) was
rapidly fatal, as shown by Fig. lA. Eight to 16 doses
at this rate were sufficient to kill all of 10 male rats,
90-100 days old. On the contrary, all rats in another
group of 10 dosed at the same rate survived when
dosage was stopped after the white blood count had
fallen precipitously (Fig. 1B). The white count
continued to fall for four additional days. However,
by the seventh day following the last dose of metepa
the white cell count started to recover, and it
returned to its pretreatment level by the 20th day.
Only three of these rats exhibited any sign of

FIG. 1
WHITE BLOOD CELL COUNTSa IN MALE RATS GIVEN
METEPA AT A DOSAGE LEVEL OF 50 MG/KG/DAY: (A)
UNTIL DEATH OF ALL THE RATS; (B) ONLY UNTIL THE

COUNT HAD FALLEN PRECIPITOUSLY (3 DOSES)
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poisoning. All suffered approximately a 15% weight
loss from which they recovered by 30 days after the
last dose of metepa.
The results of blood studies may serve as a warning

of excessive absorption of metepa and thus permit
exposure to be stopped before the compound causes
serious illness or death.

Chronic toxicity

In a preliminary study of the histological effect
of metepa, the compound was fed to groups of four
male and four female rats at dietary levels of 0, 100,
200, 400, 1000, and 2000 ppm for 108 days.
Microscopic study was made of bone marrow smears
and of tissue sections of all organs of the genital
system, heart, liver, spleen, lungs, kidneys, gastro-
intestinal tract, lymph-nodes, and adrenals taken at
the time of death of the rats fed 2000 ppm and at
the time of sacrifice of the other groups. Brain,
salivary glands, and thymus were examined occasion-
ally. The rats fed 1000 and 2000 ppm metepa
showed marked hypoplasia of all components of the
bone marrow, and this change corresponded to
findings in peripheral blood smears. The bone
marrow smears from rats fed lower dietary levels of
metepa were not different from those of the controls.
Except for intra-alveolar haemorrhage into the lungs,
particularly in the rats fed the higher dietary levels
of metepa, abnormal microscopic findings were
confined to the testes and ovaries. The testes were
affected in proportion to dietary levels of metepa in
rats fed 400 ppm or more, while the ovaries were
not affected in rats fed 400 ppm. Consequently,
microscopic study of organs other than the testes
was not performed in the chronic toxicity studies
discussed below.
As shown in Table 2, metepa was more toxic to

male rats when given daily by stomach tube in water
solution than when given as a component of the
diet. The mortality among rats given 10 mg/kg/day,
by stomach tube, was greater than among those fed
1000 ppm metepa in the diet (76 mg/kg/day).
Part of the difference may be due to the ability of
the rat to detoxify a larger dose when it is ingested
intermittently during an entire day than when it is
given at one time. Rats have survived parathion in
their diet for 92 days at a level that gave them a daily
dosage equal to 85% of an acute LD50 dosage
(unpublished data). However, at least a part of the
difference for metepa was caused by break-down of
the compound in the food before it was ingested by
the rats. The colorimetric method of Epstein et al.
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TABLE 2
MORTALITY, SURVIVAL TIME AND WEIGHT GAIN IN MALE RATS GIVEN METEPA AS A COMPONENT

OF THEIR DIET, OR DAILY IN WATER SOLUTION BY STOMACH TUBE, FOR 105 DAYS

1I Survival Body-weight gainMethod Group | Dsage Mortality time (days) a (g/rat) of survivors

dosing O (mg/kg/day) (died/tested) Mean Range Mean + SE

I o b 0/12 _ _ 230-384 290 14

2 16.2b 0/10 - - 202-347 271 +13
Diet

3 32.3 b 0/12 - - 212-342 270 ±15

4 76.4 b 5/12 31-71 56 -8C.167 120 +22

5 0 0/12 - - 203-309 261 ±12

Stomach 6 5 1/12 89 89 178-308 251 ±13
tube 7 10 10/12 44-94 75 163-196 180 +17

8 - 20 12/12 - 23-46 33 - - -

a Based on rats that died.
b Groups 1, 2, 3 and 4 were fed metepa at dietary levels of 0, 200,400, and 1000 ppm, respectively, and dosage level is based on

mean food consumption on days 5-19, 47-53 and 89-100.
c One animal lost 8 g.

(1955) was used to detect the aziridine ring. All of
the metepa was recovered from a sample of the diet
analysed on the day of formulation. Only 51 % and
35% of the compound could be recovered from the
diet after storage under refrigeration for four and
seven days, respectively. Only 10% of the metepa
could be recovered from the diet following storage
at room temperature for four days.
When given by stomach tube, metepa was fatal to

most rats at dosages of 10 mg/kg/day or higher, and
one of 12 rats died at a dosage of 5 mg/kg/day.
Contrary to the effect of a single dose, the time before
death occurred was inversely proportional to dosage.
There was a tendency towards a decrease in the

weight gain of all the groups of rats given metepa
(Table 2). However, only the body-weight gains of
the surviving rats in groups 4 and 7 were significantly
less than the gains for the controls.

Varying degrees of flaccid paralysis of the hind
legs were observed after approximately two months
of dosage in the rats fed the 1000 ppm dietary
level or in those given 10 mg/kg/day by stomach
tube and after about one month in those given
20 mg/kg/day. Microscopic examination of the
sciatic nerve of four of these rats revealed myelin
degeneration. No other clinical signs of poisoning
were noted except for occasional respiratory diffi-
culty and anorexia resulting in rapid weight loss just
prior to death of the rats.

Study of the white blood counts and peripheral
blood smears of the poisoned rats at intervals
indicated that the haematopoietic system was affected
only by dosage levels of metepa that killed some rats.

Table 3 (which refers to the same experiment as
does Table 2) shows that the lowest dietary level
tested was the only dosage level of metepa that
failed to cause microscopic testicular atrophy. All
other dosage levels caused complete testicular
atrophy in some of the rats by 105 days, and some
levels caused partial atrophy of the testes in some
of the rats by 55 days. All the dosage levels of
metepa reduced the weight of the testes; at the
higher dosage levels, the weights were approximately
a third of normal. Gross examination of the rats at
autopsy failed to reveal any damage to other tissues.
The atrophic testes showed loss of turgor and a
wrinkled outer surface. The testes were brownish
tan; no signs of haemorrhage were observed. In all
animals showing complete testicular atrophy (see
Table 3), the following microscopic changes were
observed: the size of the tubules was reduced; their
basement membranes were thickened; and the
sperms, spermatocytes, and spermatids had dis-
appeared. Spermatogonia remained in some in-
stances but appeared to be reduced. In advanced
atrophy only Sertoli cells were seen in the tubules.
Interstitial oedema and occasional slight prolife-
ration of interstitial tissue with prominent Leydig's
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TABLE 3

MICROSCOPIC TESTICULAR ATROPHY AND WEIGHTS OF TESTES OF RATS GIVEN METEPA DAILY
AS A COMPONENT OF THEIR DIET OR BY STOMACH TUBE

Microscopic testicular atrophy
in rats (No. positive/No. examined) Body and testes weights (g)

Method Dosage of rats at death or sacrifice a
dof level Complete atrophy Partial atrophy

osin (m ~g /kg /_

y Surgery at Death or Surgery at Death or No. of Body-weight Testes weight
55 days b sacrifice 55 days b sacrifice rats Range [Mean ± SE Range [Mean ± SE

0 c 0/5 0/12 0/5 0/12 7 371-486 444 ±14 2.35-3.88 3.22 ±0.21

16.2 c 0/5 0/10 0/5 0/10 5 386-455 431 ±13 2.04-2.33 2.18 ±0.22
Diet

32.3 c 0/5 1/12 3/5 8/12 7 344-488 411 ±21 1.30-2.21 1.71 ±0.12

76.4 c 5/5 11/12 0/5 0/12 7 132-323 225 ±28 0.71-1.58 0.99 ±0.12

0 0/5 0/12 0/5 0/12 6 239-439 384 ±30 1.92-3.80 3.39 ±0.29

Stomach 5 0/5 2/12 0/5 7/12 7 318-494 396 ±21 1.15-3.02 1.82 ±0.25
tubeI

10 0/5 9/12 2/5 0/12 7 183-281 213 ±14 0.56-2.04 1.21 ±0.23

20 - 5/12 - 3/12 1 2 96-141 [ 121 ±5 0.46-1.90 1.19 ±0.13

a Does not include rats that had one testis removed after 55 days' exposure.
b Based on examination of one testis removed by surgery.
c Groups 1, 2, 3 and 4 were fed metepa at dietary levels of 0, 200,400, and 1000 ppm, respectively; dosage level is based on mean

food consumption on days 5-19, 47-53 and 89-100.

cells were observed. Sometimes the lumen or the
periphery of the tubules contained multinucleated
giant cells with either very small pyknotic nuclei or
enlarged nuclei ofempty appearance and highly acido-
philic cytoplasm. At the lower dosage levels-and after
a shorter period of exposure even at the higher
dosage levels-these tissue alterations were less
severe (Table 3). Testes that showed only partial
atrophy still contained several tubules with normal-
appearing spermatogenesis. If the testes were
damaged to an even lesser degree, only the number
of cells within the tubules appeared to be reduced.
However, this reduction is difficult to evaluate since
it is subject to many artefacts, particularly variations
in the thickness of the section. Therefore, it is
worth while to examine several sections before
arriving at the conclusion that there is a reduction
in spermatogenesis. The 12 controls that had
received plain feed and the 12 controls that were
given plain water daily by the stomach tube had
completely normal testes at gross and microscopic
examination. The microscopic changes seen in the
atrophic testes were not specific for rats dosed with
metepa, but have been described following cadmium,
inanition, vitamin E deficiency, and other environ-
mental factors (Ribelin, 1963).

The degree of spontaneous reversibility of com-
plete microscopic testicular atrophy produced in rats
by high dietary levels of metepa may be demonstrated
by the decrease in the percentage of rats affected as
the length of time between exposure and examination
is increased (Table 4). The dosage level of metepa,
based on measurement of food consumption the
first two weeks of poisoning, was 89 mg/kg/day.
Under some conditions of poisoning, some rats are
able to recover from complete testicular atrophy
caused by metepa, but recovery occurs slowly at a
dosage level (1000 ppm) known to be large enough
to kill some rats.

Effect of metepa upon reproduction in male rats

Since a dosage level of 5.00 mg/kg/day given by
stomach tube caused testicular atrophy in some rats
dosed for 105 days, it was thought that even smaller
dosage levels might produce a functional effect upon
the genital system that would not be detected by
histological study. Consequently, groups of seven
male rats were given metepa by stomach tube at
dosage levels of 0, 0.31, 0.62, 1.25 and 2.50 mg/kg/
day, respectively, and bred at intervals to non-
poisoned females. Beginning with the second week
of poisoning, the rats were bred a total of 10 times
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TABLE 4
THE SPONTANEOUS REVERSIBILITY OF TESTICULAR ATROPHY IN RATS FED METEPA AT A DIETARY

LEVEL OF 1000 ppm FOR 66 DAYS

Dietary Days from Testicular atrophy Body-weight (g) Testes weight (g) Testes
level exposure to weight as %
(ppm) examination Rats Ratsboywih(ppm) examination examined affected ( Range Mean ± SE Range Mean ± SE body-weight

1 000 0 10 100 264-320 288 + 7.0 0.84-1.40 1.12 ±0.05 0.39

Control - 4 0 325-417 366 ±19.0 3.06-3.62 3.35 ±0.12 0.92

1 000 50 9 56 348-435 378 ± 9.3 1.16-2.49 1.48 ±0.13 0.39

Control - 4 0 360-518 421 ±33.9 2.93-3.53 3.31 ±0.19 0.79

1 000 100 9 44 388-546 454 ±18.1 1.25-2.98 1.97 ±0.20 0.43

Control - 4 0 403485 454 ±19.2 2.98-5.10 3.84 ±0.46 0.85

over a period of 197 days. Rats given 5.00 mg/kg/day
were introduced into the experiment after it had
been in progress for 112 days. They were compared
with a separate group of controls. However, since
there was no appreciable difference in the litter
production in the two control groups, only the
control group of males set up at the start of the
study is included in Tables 5 and 6 and in Fig. 2.

Results presented in Table 5 indicate that the pro-
portion of successful matings was severely reduced
for rats given metepa at a rate of 5.00 mg/kg/day.
In fact, no litters resulted from the breeding of
these males after 70 doses, although six of the
seven females bred were inseminated and one vaginal

smear contained motile sperm. Even when litters
were born, the number of offspring per litter was

greatly reduced by a dosage of 5.00 mg/kg/day and
somewhat reduced by a dosage of 2.50 mg/kg/day
(P <0.001). It is apparent from Fig. 2 that this
reduction in offspring per litter occurred in less than
22 days at a dosage of 5.00 mg/kg/day and in about
80 days at a dosage of 2.50 mg/kg/day. The survival
of young was apparently not affected even at a

dosage of 5.00 mg/kg/day.
Values for white blood cell counts and testis

weights of the poisoned rats at the time of sacrifice
are shown in Table 6. There was no correlation
between the metepa dosage level and the white

TABLE 5
SUMMARY OF REPRODUCTION AND SURVIVAL OF OFFSPRING FROM MALE RATS GIVEN METEPA DAILY

BY STOMACH TUBE FOR 197 DAYS a

Metepa No. of test Total No Total No. NRatio ofliAverage No.
dosage level male

of lItters No.o .Survival(
(mg/kg/day) survivorsb of matings born alive No. of matings Sria %(% Born alive Weaned

0 7 70 62 89 10.7 10.0 94

0.31 5 62 54 87 9.9 9.1 92

0.62 6 62 58 94 9.9 9.4 95

1.25 6 62 47 76 9.5 8.8 93

2.50 5 58 47 81 7.7 7.3 95

500C 7 21 5 24 3.2 2.8 88

a Values based on results for 10 mating periods during metepa exposure.
b Started with 7 rats in each group but some died of stomach tube injury during course of study.
c Dosed for only 77 days and mated after 22, 41 and 70 doses only.

743



T. B. GAINES & R. D. KIMBROUGH

TABLE 6

FINAL WHITE BLOOD COUNT (WBC), BODY-WEIGHT, AND TESTICULAR WEIGHT OF RATS GIVEN
METEPA DAILY BY STOMACH TUBE FOR 197 DAYS

Metepa Final WBC (x 1 000) Final body-weights (g) Testes weight (g) Testes weight
dosage level as % of
(mg/kg/day) Range Mean t SE Range Mean i SE Range Mean i SE body-weight

0 8.0-25.4 15.3 ±2.0 433-604 517 +22.0 3.44-4.19 3.64 ±0.09 0.70

0.31 12.3-22.5 16.6 ±1.8 486-694 592 +43.0 3.21-3.92 3.69 ±0.13 0.62

0.62 8.1-25.2 17.1 ±2.3 319-514 446 ±27.7 3.06-3.80 3.50 ±0.12 0.78

1.25 11.7-38.3 22.5 ±3.4 402-584 488 ±27.5 2.94-4.02 3.29 ±0.17 0.67

2.50 9.8-17.5 13.6 ±1.3 488-546 508 ± 17.6 2.20-2.46 2.37 ±0.04 0.47

5.00 a | - 323-450 412 ±17.1 1.24-2.08 |1.69 +0.10 0.41

a Dosed for only 77 days.

FIG. 2

NUMBER OF OFFSPRING BORN ALIVE PER LITTER TO
FEMALE RATS BRED TO MALE RATS POISONED BY

METEPAa

0 20 40 60 80 100 120 140 160 180 2UU
NUMBER OF DOSES AT TIME OF BREEDING

aEach line corresponds to the metepa dosage level indi-
cated.

count. The blood differential values were within
normal limits. The testis weights, as a percentage
of body-weight, of the metepa-poisoned rats given
2.50 and 5.00 mg/kg/day were significantly smaller
than those of the controls (P <0.001).

Microscopic examination of sections of lymph-

nodes, thymus, spleen, heart, kidneys, trachea, lungs,
gastrointestinal tract, salivary glands, liver, adrenals,
bladder, epididymis, seminal vesicles, and testes
showed that the only organ definitely affected was
the testis. One of five rats given 2.5 mg/kg/day of
metepa suffered partial atrophy of the testes in
197 days, and all seven given 5.00 mg/kg/day for
77 days showed partial to complete atrophy. No
testicular atrophy was detected in any of the rats
given less than 2.50 mg/kg/day.

All weanlings were examined clinically, and
autopsies were done on all from groups 1 M, 4M,
5M, and 6M. Two instances of hydrocephalus were
found. This phenomenon will require further exami-
nation since it occurs spontaneously in our colony.
Following the third, sixth, and ninth matings of the
poisoned males, after they had been dosed for 36,
78, and 162 days, respectively, the litters from two
males of each group given 1.25 and 2.50 mg/kg/day
of metepa and from two control males were saved
for observation until they were 90-100 days old.
These litters developed normally, and there was no
evidence of any abnormalities in any of the organs
at autopsy. Out of a total of 2588 offspring, 142
died spontaneously; they were autopsied and the
organs subjected to gross examination, but no
significant changes were seen.
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Certains agents alcoylants, qui possedent des pro-
prietes sterilisantes, sont susceptibles d'etre utilises dans
la lutte biologique contre les insectes vecteurs. Le present
travail rapporte les observations faites chez le rat au
cours d'experiences portant sur la toxicite et l'action
sterilisante de trois de ces composes, le metepa, le tepa
et l'apholate, principalement du metepa.
La toxicite du metepa et de l'apholate administres en

une dose unique par voie orale est tres semblable a celle
du DDT; la toxicite du tepa est voisine de celle de la
dieldrine. Le metepa et le tepa sont egalement tres
toxiques s'ils sont introduits dans l'organisme par voie
dermique.

L'administration repetee de petites doses de metepa
lese en premier lieu le testicule; les ovaires et la moelle
osseuse ne sont atteints que si l'on utilise des dosages plus
eleves et il faut des doses importantes pour provoquer
des lesions de l'epithelium intestinal et des tissus lym-
phoides. Quant aux elements blancs du sang, leur nombre
ne diminue que si l'on administre de faeon repetee des
doses finalement letales. L'arret de la medication au
moment ofi s'amorce la chute brutale du nombre des
leucocytes permet d'assister a un lent retour a la normale.
La morphologie des cellules et la formule leucocytaire ne
sont pas modifiees.

Les lesions testiculaires ont ete speeialement etudiees.
Donne a la dose de 5 mg/kg/j, soit environ 4% de la DL50

par voie orale, le metepa provoque l'atrophie testiculaire
chez le rat male en 77 jours, et en 55 jours si la dose est
portee a 10 mg. Chez certains animaux, l'administration
quotidienne de 2,5 mg du produit pendant 197 jours
entraine une atrophie partielle des testicules et une dose
journaliere de 1,25 mg/kg reste sans effet. Si les doses ne
sont pas trop elevees et, vraisemblablement, si l'on cesse
de donner le metepa apres un certain temps, on peut
assister a une regeneration de 1'epithelium tubulaire
des testicules.
Pour une dose quotidienne de 5 mg/kg incorporee 'a la

nourriture des rats males, l'effet sur la capacite de repro-
duction de l'espece se manifeste par une reduction sensible
du nombre et de l'importance des portees. Cette limitation
apparalt des le 22e jour et aboutit finalement a la sterilite
complete. Les memes resultats, moins accentues cepen-
dant, s'observent si la dose est reduite 'a 2,5 mg: le
produit doit etre administre dans ce cas pendant 80 jours,
et pendant les 197 jours d'experimentation, on n'a pas
constate de sterilite complete. Dans aucun cas, les
possibilites de survie de la progeniture n'ont e affectees.
Chez les rats males d'un autre groupe recevant quoti-

diennement 5 mg/kg de metepa, pendant 55 jours, on n'a
pas observe d'atrophie testiculaire. I1 semble donc que la
strilite soit due, au debut, 'a des troubles fonctionnels qui
precedent l'installation des lesions decelables a l'examen
microscopique courant.
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