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Duration of Sterility induced in Males of the Tropical
House Mosquito, Culex pipiens fatigans Wiedemann,

by the Chemosterilants Apholate and Tepa
M. K. K. PILLAI 1 & K. K. GROVER 2

Various alkylating and non-alkylating agents are known to induce sterility in Culex
pipiens fatigans, but the duration of the sterilizing effect they produce had not so far been
studiedfor this species. The authors therefore investigated the duration of sterility induced by
the alkylating chemosterilants apholate and tepa in C. p. fatigans, second-instar larvae being
exposed to JO ppm apholate or pupae to 3570 ppm tepa. Theyfound that, in experiments in
which treated males were mated once only, both apholate and tepa induced sterility lasting
at least 48 days. However, in experiments in which males were mated once weekly for
6 weeks apholate-treated males showed a slight recovery from the early sterilizing effect.
On the other hand, tepa was found to be very effective in inducing lasting sterility through-
out the 6 successive matings. The probable reasons for the recovery from sterility of
apholate-treated males and the more lasting sterility of tepa-treated males are discussed.

Mosquito control programmes involving the
sterile-male technique have attracted much attention
in recent years (Smith, 1967). The success of such a
technique largely depends on the effectiveness of the
chemosterilants in producing lasting sterility in
males so that they may bring about a high rate of
infertility in successive matings with virgin females in
the field. A certain degree of recovery has been
reported in the case of apholate-sterilized males of
Culex pipiens quinquefasciatus Say (= C. p. fatigans
Wiedemann) when the treated males were mated
twice with virgin females in the laboratory (Murray
& Bickley, 1964). Similar studies in Aedes aegypti
L., however, revealed that tepa, used at either the
adult or the larval stages, did for practical purposes
induce a high degree of lasting sterility in males in
4 successive matings over a period of about 16 days
whereas males treated with apholate in the larval
stage regained normal fertility (Dame & Ford, 1964).
A number of alkylating and non-alkylating

chemosterilants have been found to cause significant
sterility in Culex pipiensfatigans Wiedemann treated
at various stages (Mulla, 1964; Das, 1967; Grover et
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al., 1967). Grover et al. (1967) have shown that,
among the alkylating chemosterilants screened by
exposure of aquatic stages, apholate in larval treat-
ment was better than tepa while the latter in pupal
treatment was more effective than apholate in indu-
cing more than 90% sterility with non-toxic doses in
C. p. fatigans. Similar studies by Mulla (1964) (with
C. p. quinquefasciatus) also showed apholate, both
in larval and in adult treatment, to produce more
sterility than tepa. McCray & Schoof (1967) also
report apholate to be superior to tepa in adult
treatment against C. p. quinquefasciatus by mist ap-
plication. However, with Aedes aegypti, tepa and
apholate were equally effective in inducing sterility
in larval treatment, but apholate was more effective
in adult treatment by feeding (Weidhaas et al., 1961;
Weidhaas, 1962; Dame et al., 1964). On the other
hand, with Anopheles quadrimaculatus Say, both
apholate and tepa were equally good in adult treat-
ment by feeding (Weidhaas et al., 1961). It has also
been reported that tepa was more effective than
apholate in houseflies, Musca domestica (L.), when it
was fed to adults (Labreque, 1961). Our further
studies (unpublished) with apholate and tepa against
C. p. fatigans revealed that males treated with
10 ppm apholate in the larval stage could induce
82% sterility in normal females, and males treated
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with 3750 ppm tepa in the pupal stage could induce
97% sterility in normal females. It is not known
whether the sterility induced by apholate and tepa in
C. p. fatigans is permanent or whether fertility can
be recovered in the course of time. The object of the
present study was to assess the duration of sterility
in males of C. p. fatigans chemosterilized with apho-
late by larval treatment or with tepa by pupal treat-
ment, using non-toxic, sterilizing doses of the
chemosterilants.

MATERIALS AND METHODS

The strain of C. p. fatigans used in the present
study originated from a field strain collected from
Delhi in 1965 and maintained since then in our
laboratory at 80°F (26.7°C) and 80y%±5y% relative
humidity. Second-instar larvae were exposed to
10 ppm of apholate in distilled water until pupation
and pupae were exposed to 3750 ppm of tepa in
distilled water for 28 hours. The treatment proce-
dures were similar to those followed by Grover et al.
(1967).
Three series of experiments were performed. In

the first series, 50 sterilized males were allowed to
mate either with 50 sterilized females or with the
same number of normal females in separate screened
mosquito cages measuring 18 in x 16 in x 16 in
(45 cm x 40 cm x 40 cm). These experiments lasted
for 48 days and data regarding the oviposition rate
and percentage sterility were collected and compiled
for 3 periods as shown in Table 1. A control
experiment involving the same number of normal
males and females was performed simultaneously.

In the second series of experiments, 50 sterilized
1-day-old virgin males were allowed to mate with
50 unsterilized virgin females for a week. Then the
males were removed and transferred for a further
week to another cage containing a fresh batch of
50 virgin females, and so on for 4 more mating
series, a fresh batch of 50 virgin females being used
each time. Altogether 6 such mating experiments
were conducted for both tepa- and apholate-treated
males over a period of 42 days (Table 2). Control
experiments using the same technique and the same
numbers of normal male and female mosquitos were
also performed. In each instance, the 20 egg-rafts
that were first laid were used for assessing the
percentage hatch. Using the results of the control
experiments, the corrected percentage sterility in
each experiment was calculated from the formula
given in the footnote to Table 2. Some mortality

was noticed in sterilized males during the course of
the experiments after the fourth mating in the case of
males treated with tepa; the dead males were then
replaced by non-virgin male reserves maintained for
the same purpose in exactly the same way as those in
the test cages (these replacement males had under-
gone the same number of matings as the males in the
experimental test cages).

In the third series of experiments, batches of 50
sterilized virgin males were kept in isolation from
females for either 2 or 4 weeks and then allowed to
mate with a fresh batch of 50 unsterilized virgin
females (Table 2). The percentage hatch was as-
sessed in the same way as in the second series of
experiments. In all the experiments female mosqui-
tos were given a blood meal (from pigeons) on
alternate days and the males were fed on 1% glucose
solution.

RESULTS

Table 1 gives the results of the first series of
experiments. In crosses of treated males with treated
females there was a steady decline in the oviposition
rate and the sterility was found to last throughout
the 48-day period with both the chemosterilants
used. However, when treated males were crossed
with normal females, fecundity was reduced but not
to the same extent as in the cross with treated
females. The degree of sterility was remarkably
constant in both tepa- and apholate-treated males.
The data on the percentage sterility in successive

mating series are given in Table 2. The corrected
percentage sterility figures indicate the efficacy of the
chemosterilants in inducing permanent sterility since
they have been calculated from the results of parallel
control experiments. Crosses with apholate-steri-
lized males showed a steady decrease in sterility in
successive matings with virgin females (46.7% sterili-
ty at the sixth mating compared with 82.3% sterility
at the first mating). Tepa, on the other hand, in-
duced almost the same level of sterility in all the
6 mating series, as is clearly shown in Table 2. The
difference between the sterility induced at the first
mating and that at the sixth was less than 3% in
tepa-treated males. Random dissections of a few
spermathecae of control and treated females showed
the presence of sperms in all instances. Matings of
2-week-old and 4-week-old treated virgin males
(third series of experiments) induced almost the same
levels of sterility as did the corresponding matings of
the counterpartnon-virgin males in the second series of
experiments-in some cases, indeed, the sterility level

230



DURATION OF STERILITY INDUCED BY APHOLATE AND TEPA IN CULEX FATIGANS 231

TABLE 1
PERCENTAGE HATCH AND OVIPOSITION RATE OVER 48 DAYS IN C. P. FATIGANS TREATED WITH

APHOLATE OR TEPA

Percentage hatch (and oviposition rate per i)

Cross a | 1st period (1-16 days) 2nd period (17-32 days) 3rd period (33-48 days)

| Apholate Tepa Apholate Tepa Apholate Tepa

T S x T V 3.9 (64) 2.6 (115) 3.6 (42) 2.1 (78) 0 (5) 0 (9)
T d x N V 16.7 (243) 2.6 (221) 7.1 (218) 3.0 (182) 17.9 (35) 3.6 (27)
N d x N ? 90.0 (247) 96.6 (229) 89.0 (220) 90.0 (200) 80.0 (40) 84.2 (38)

a T = Treated. N = Normal.

TABLE 2
PERCENTAGE HATCH OF EGGS LAID FROM MULTIPLE AND SINGLE MATINGS WITH APHOLATE- OR

TEPA-TREATED MALES OF C. P. FATIGANS

Apholate (larval exposure) Tepa (pupal exposure) 1
Mating series Age of sterilized males %sterility %sterility %hatch

_ %hatch (corrected) a %hatch (corrected) a

Second series of experiments
First 1-day-old virgins 16.0 82.3 3.0 96.9 90.8

Second 7-day-old non-virgins 17.1 81.8 2.8 97.0 94.0

Third 14-day-old non-virgins 20.8 76.9 2.7 97.0 90.0

Fourth 21-day-old non-virgins 28.0 73.1 4.1 95.4 89.3

Fifth 28-day-old non-virgins 30.6 63.8 5.8 93.1 84.0

Sixth 35-day-old non-virgins 37.3 46.7 5.2 92.6 70.0

Third series of experiments
14-day-old virgins 17.2 81.3 3.0 92.7 92.0

11 28-day-old virgins 22.4 76.0 6.0 93.6 93.4

aCalculated fromtheformulaviable eggs (%) in controls - viable eggs (%) In treatment group x 100.a Calculatedfrom the formula: viable eggs (%) in controls

was even higher in the third than in the second series
(Table 2). There seems to be no recovery from the
effects of apholate and tepa in 2-week-old virgin
males when these are compared with 1-day-old vir-
gin males. However, with 4-week-old virgin males
there appears to be a slight difference in sterility
from that in 1-week-old virgin males treated with
either of the two chemosterilants, although it does
not appear to be significant.

DISCUSSION

The present data clearly show that tepa and apho-
late are capable of inducing lasting sterility in C. p.

fatigans in single mating experiments over a long
period. This may evidently be due to females during
their first mating receiving a sufficient number of
sterilized sperms in their spermathecae. Similarly in
Aedes aegypti treated with 15 ppm apholate, Rai
(1964) found sterility lasting for about a month when
treated males were crossed with treated and normal
females. Murray & Bickley (1964) suggested that
C. p. quinquefasciatus may mate several times and
that the sperms of the first mating are probably
responsible for zygote formation. In houseffies,
North (1967), using the alkylating agent tretamine

1 2,4,6-tris(1-aziridinyl)-s-triazine.
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and its analogues, found a recovery in frequency of
dominant lethal mutations when treated sperms were
stored by the female in spermathecae for 7 days. In
the same paper North reported that tepa, metepa
and hempa 1 also showed similar recovery in domi-
nant lethal mutations when treated mature sperms
were stored for 7 days by the female flies. However,
sperms of Drosophila treated with tretamine under-
go increased genetic damage when the females store
the treated sperm (Herskowitz, 1955, 1956; Snyder,
1963; Ratnayake, 1968). But in identical ex-
periments involving treatment with elhylenimine the
frequency of induced dominant lethals did not in-
crease with storage in the female (Ratnayake, 1968).
In C. p. fatigans, if only sperms from the first mating
have been utilized for fertilization in our experiments
described above, it seems there is no recovery in the
frequency of dominant lethals because of storage, and
the frequency of dominant lethals remains the same.

In our multiple mating experiments apholate in-
duced almost the same degree of sterility in the first
two mating series, but there was a certain amount of
recovery from the effect of apholate in the subse-
quent matings. Rai (1964), using apholate-chemos-
terilized males of Aedes aegypti, observed fewer
sperms in the anterior portion and mostly sperma-
tids in the posterior portion of the testes. Further
studies by Sharma & Rai (1967), who used the same
larval-treatment dosage (15 ppm apholate) as Rai
(1964), revealed that apholate-sterilized males dep-
lete their sperms earlier than normal males, possibly
as a result of an inhibited rate of spermatogenesis
or of the death of gonial cells at different stages.
Murray & Bickley (1964), with C. p. quinquefasciatus
treated with 15 ppm apholate at the larval stage,
observed a decrease in the size of the testes, the
presence of vacuoles, the absence of immature cells
and the paucity of mature sperms in the testes. As
with our experiments, Murray & Bickley (1964)
found a similar, but higher, recovery in males treated
with 10 ppm and 15 ppm of apholate. The recovery
may be due either to the aged sperms recovering

1 Hexamethyl phosphoric triamide.

from the sterilizing effect of apholate or to later-
formed sperms being less influenced by the chemo-
sterilants. It may be noted that recovery did occur in
males of C. p. fatigans in spite of the fact that there
may be sperm depletion a little earlier in treated
males than normal males, although this has not been
definitely shown. However, in the third series of
experiments the sterility induced by 4-week-old vir-
gin males was not significantly different from that in
the 1-day-old virgin males. Similar laboratory ex-
periments with Aedes aegypti males treated with
apholate did not produce lasting sterility, even for
16 days (Dame & Ford, 1964).
The most important finding in the present studies

is the effectiveness of tepa applied at the pupal stage
in inducing a high degree of sterility which was
shown to last throughout 6 successive matings con-
ducted during a period of 48 days in C. p. fatigans.
Tepa has also been found to cause sterility lasting
throughout a period involving 4 successive matings
in Aedes aegypti treated at the larval or adult stages
(Dame & Ford, 1964). Tepa treatment appears to be
effective in making almost all the sperms sterile, as
evidenced by the results of our multiple mating
experiments. Although counts of sperms were not
made during spermathecae dissections, some degree
of sperm depletion could not be ruled out; the
present data are not conclusive on this point. On the
basis of experience with Aedes aegypti, Rai (1964)
suggests that, theoretically, aspermic males could be
used for population control, if chemosterilization
does not impair their mating competitiveness and if
they transmit a certain amount of seminal fluid to
the females. This fluid makes subsequent insemina-
tions of such females impossible. The same may
hold true for C. p. fatigans. Tepa seems to be better
than apholate in inducing permanent sterility. Else-
where, pupal treatment has been shown to be deci-
sively advantageous in a programme involving the
release of sterile mosquitos (White, 1966; Grover
et al., 1967). In this context tepa appears to be
a promising chemosterilant against C. p. fatigans
owing to its high potency in inducing permanent
sterility in males.
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RtSUME'

DUREE DE LA STERILITE INDUITE PAR LES CHIMIOSTERILISANTS APHOLATE ET TIPA
CHEZ LE MALE DE CULEX PIPIENS FATIGANS WIEDEMANN

Deux alcoylants, l'apholate et le tepa, ont fait l'objet
de recherches concemant leur aptitude a provoquer la
st6rilite chez Culex pipiens fatigans male. Deux types de
traitement ont ete utilises: exposition de larves au
2e stade h I'apholate en solution aqueuse (concentration:
10 parties par million) jusqu'a la nymphose, ou exposition
de nymphes au tepa en solution aqueuse (concentration:
3750 parties par million) pendant 28 heures.
Au cours d'une premiere serie d'experiences, on a

permis a des males traites de s'accoupler avec des
femelles trait6es. Quel qu'ait ete le chimiosterilisant
employ6, on a not6 une diminution notable des taux de
ponte et d'6closion qui s'est maintenue pendant 48 jours.
Lors d'accouplements entre males st6rilises et femelles
normales, la fecondit6 a egalement baisse, mais dans une
mesure moindre.
On a ensuite r6alise des accouplements entre un meme

lot de males sterilis6s et six lots differents et successifs de

femelles normales vierges. Apres traitement par I'apho-
late, le pourcentage de sterilite (tres 61ev 'a l'origine:
82,3%) s'est progressivement abaisse pour n'etre plus,
lors du 6e et demier essai, que de 46,7 %, ce qui signe
l'affaiblissement de l'action sterilisante. En revanche,
apres traitement par le tepa, le taux de st6rilit6 est reste
pratiquement inchang6 et superieur a 92% au cours des
six semaines d'exp6rimentation.

Enfin, des lots de males vierges et traitds ont ete isoles
pendant 2 ou 4 semaines puis ont pu s'accoupler avec des
femelles vierges. Le pourcentage de sterilite note au cours
de cette experience a Wt6 comparable au pourcentage
observe dans l'essai precedent effectue avec des males du
meme age non vierges.

Le tepa se montre superieur a l'apholate sous le rapport
du pouvoir st6rilisant et son emploi dans la lutte contre
C. p. fatigans semble plein de promesses.
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