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Summary. Implantation of a busulfan crystal into larvae of first, second and third instars
temporary blocks molting. In gonad this antimitotic only acts on one category of germinal
cells : secondary spermatogonia. During mitosis chromosomal changes lead to cellular
death. However all the gonia are not affected by a single dose of busulfan.

Busulfan or 1-4 dimethylsulfonyloxybutane is an antimitotic of the sulfonylalkane
group. This alkylant agent inhibits cell division in tissues proliferating at a high rate.
Bollag (1953) was the first author to inject busulfan into pregnant rats ; their male and
female progeny were completely sterile. The effect of busulfan on the gonads of
embryonic and adult mammals has been frequently studied ; it causes chromosomic
lesions inducing degeneration of the affected germ cells and gonadic sterilization.
However, this product has been little used on invertebrates. When mixed into the feed
of the adult Coleoptera Anthonomus grandis (Klassen, Nordland, Borkovec, 1968),
busulfan did not completely sterilize the males. These authors considered busulfan as a
promising antimitotic. Injecting this product into a Peracarid Amphipod Crustacean,
Charniaux-Cotton (1974) obtained total destruction of oogonia in Orchestia gammarellus. Busulfan had the same effect on the male gonad (personal communication).

Experimental

conditions.

Continuing to work on control of sexual differentiation in the Colorado beetle, we
studied the gonad function, and particularly the relationships between germ and mesodermic cells. We implanted busulfan into the larvae and imagos of the Colorado beetle
to produce gonads deprived of germ cells and to analyze the role of mesodermic tissue
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instars 1, 2 and 3, as well as adults, received a single implantation. We used 60 yg
for 100 mg of animal. A higher amountsuch as 80yg is lethal, while 30 yg has no effect.
Busulfan has been used on few species and we cannot evaluate the optimal dose which
sterilizes insects without increasing mortality. When given to the imagosof coleoptera
Anthonomus grandis in a synthetic meal containing 8 p. 100 busulfan, this product causes
high mortality. After a 3-day treatment, mortality reaches 30-80 p. 100 14 days later.
However, the doses cannot be compared when busulfan is given orally.
Larvae were killed 5, 7, 10, 12 and 14 days after implantation and studied

histologically.
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When busulfan is implanted in 1-day old instar 1 larvae, this stage is prolonged 4
days (fig. 1). The first molt after implantation is inhibited in many larvae, thus
leading them to die. Larval molts 2 and 3 occur normally in the surviving larvae ;
however, pupal molting is entirely inhibited. Implantation in instar 2 and 3 larvae
retards the first molt after this operation by 2 to 3 days (fig. 1) ; mortality is very high
after the molt. When busulfan is introduced into instar 2 larvae, pupal molting is
suppressed ; however, larvae implanted at instar 3 molt normally (fig. 1). These
animals reach imaginal instar. Subjects obtained after implantation were smaller than
the controls ; this may be because the pupal molt was suppressed. Charpin (1976)
studying another Coleoptera, suggests that there is no pupation if the prepupa does
not develop to a minimal size. We were obliged to fix the larvae at the end of instar 4
because larval and pupal molts were suppressed by busulfan.
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Colorado beetle larvae hatch after 7 days of embryonic development at 22 °C.
An undifferentiated sexual stage after 4 days of embryonic life has already been
reported (Richard-Mercier, 1972). This instar is brief and the next day the gonads
sexually differentiate definitively. At hatching, each testis has two lobes containing
primary spermatogonia and mesodermic cells. Two types of mesodermic cells may be
distinguished at that time, those enveloping the gonia and those grouped at the ends of
each testicular lobe in a tissue called the apical tissue. During larval instar 1, testis
organization remains stable. After the first molt, primary spermatogonial mitoses
begin. They are concomittant with cyst formation and there is some spermatogonial
degeneration during this time. Meiotic prophases begin at instar 3 and spermatogonial mitoses continue. Larval testicular follicles at instar 4 are composed of
50 p. 100 spermatocytes I at different stages of meiotic prophase and 50 p. 100 secon-

dary spermatogonia (PI. I, fig. 4). Spermatogenesis continues during pupation.
At day 5 of embryonic development, the form of the ovary is that of a long, narrow
band containing mesodermic cells scattered throughout with primary oogonia. The
terminal filaments of future ovarioles are already individualized ; they protrude on the
latero-external edge of the gonad. Larval ovaries in instar 1 retain this structure. In
larval instar 2, the mesodermic tissue proliferates and, with the oogonia, composes the
germarium. Oogonial mitotic activity, sporadic in instar 2, increases in instar 3 larvae
and intensifies in the following instar. At instar 4, the germarium is prolonged by a
solid cord in which a duct appears, followed by the mesodermic oviduct. This cord later
constitutes the vitellarium and a duct, the pedicel. Very often at the end of instar 4, an
oocyte

may be found

entering the part of the vitellarium called the transitory

zone.
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Five days after busulfan is introduced in instar I larvae, the first larval molt occurs ;
these larval gonads, are then comparable to those of instar 2. In male and
female gonads, gonial division is blocked at metaphase. The chromosomes,
usually hard to see, are minute and intensely stained.
Seven days after implantation, there are many gonial pyknoses (table 2). They are
the result of the degeneration of gonia in which mitosis has been inhibited. This process
is more marked in male (PI. I, fig. 1) than in female (PI. I, fig. 2) gonads. Mitotic activity
resumes ; it is similar to that in the controls and is especially intense in female gonads.
The number of oogonial mitoses increases at larval instar 3 in female gonads.
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In animals implanted at larval instars 2 and 3, gonial mitoses are suppressed then
resumed 7 days after busulfan implantation. The most significant effects were obtained
on male larvae implanted at instars 2 and 3 and killed 14 and 12 days later, respecti. There were fewer
*
vely. Their testes were always 3 times smaller than the controls
and
their
walls
visible
were
(Pi. I, fig. 5). These testes
cysts
many
empty, only
being
contain mainly spermatocyts I in meiosis prophase while gonial mitoses and secondary

gonial

are rare.

Busulfan effect on larval female gonads is more discrete. The germarium is smaller
than in the controls and traces of oogonial pyknosis have partially disappeared (Pl. I,

*
Larval instar 4 continues more than 6 days due to suppression of pupal molting. Gonial evolution of these larvae is also arrested. The gonads resemble those of instar 4 larvae, while they should
be similar to pupal gonads.

fig. 3). In larvae implanted at instar 2 and examined at instar 4, the oocyte entering the
prefollicular cell cord is degenerate. Among the larvae implanted with busulfan at
instar 3, four reached the imaginal instar. These imagos reproduced normally. Egg
laying, at first abundant, became rarer after 3 weeks. Unfortunately, these fragile
animals died so they could not be studied.
Busulfan acts on the gonia during mitosis. In the testes and ovaries of experimental
larvae, the percentage of gonia in mitosis (table 2) is significantly higher than in the
controls. This is because we did not distinguish between normal and abortive mitoses.
This study confirms that busulfan acts during mitosis. Gonial necroses occur later and
increase with the number of gonia in mitosis (table 2). The oogonia of the 3rd instar are
more sensitive than spermatogonia to busulfan ; its implantation, however, causes
a sharp decrease in the number of gonia of both sexes.
Gonad mesodermic tissue was not affected by busulfan in these experiments.
Discussion.
Colorado beetle larvae, after implantation of a busulfan crystal, are smaller than
control larvae. This may be due to degeneration during the numerous hypodermic cell
mitoses in larvae. Busulfan also affects molting. The first larval molt after implantation
is suppressed. The pupal molt may be inhibited or occur normally, depending on the
age of the larvae. These observations complete those on Diptera larvae treated with
other antimitotics (Poitrineau ef al.,1973 ; Le Bras, 1973).
In the Colorado beetle gonads busulfan partially destroys one type of cells, the
secondary gonia. Various radiomimetic agents (antimitotics, X-rays, neutrons) do, in
effect, destroy the germ cells of many insects at the secondary gonial instar (Landa
and Matolin, 1969). The action of several antimitotics on insect gonads is presented in
tables 3, 3 bis. Our experiments demonstrate that busulfan causes chromosomic changes
during mitoses and finally cell necrosis. Other antimitotics (table 3) such as metepa
and tetramine also induce fragmentation and chromosomic bridges in two Diptera.
These changes have also been reported in mammals (Pinto-Machado, 1968a, b).
At the time of implantation in our experiments, spermatogonial mitoses are more
numerous than oogonial ones, and degeneration is more extensive in the testis than in
the ovaries. This confirms the observations of Kissam et al. (1967). Busulfan partially
destroys germinal tissue but leaves intact the mesodermic tissue of the Colorado beetle
larval gonads. However, other antimitotic agents affect the follicular tissue of adult
insect gonads. They cause either destruction of that tissue or its abnormal proliferation.
The necrosis of follicular tissue is explained by its numerous mitoses. In ret, follicular
(Rateau, 1974) and Sertoli (Hemsworth and Jackson, 1962) cells are unaffected by
busulfan, although they actively divide. All proliferating cell types are affected by
metepa, tretamine and tepa, although they do not react in this way to busulfan. As in
rat, the small size of Colorado beetle gonads implanted with busulfan is solely a result
of gonial degeneration. Other antimitotics cause necroses of germ cells and mesodermic cells which together reduce gonad zize (table 3). Antimitotics induce partial
destruction of gonia, thus preventing analysis of their relationship to mesodermic cells.

Our results confirm the impossibility of totally sterilizing insect
on cells of Diptera may be applied to Coleoptera.
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Résumé.

Un cristal de busulfan, implanté dans des larves de,
e et 3
e stades, provoque
er 2
1
bloquage temporaire de la mue. Dans les gonades, cet antimitotique ne détruit qu’une
catégorie de cellules germinales : les gonies secondaires. C’est au moment de leur mitose
que se révèlent les altérations chromosomiques entraînant la dégénérescence cellulaire.
Cependant, toutes les gonies ne sont pas atteintes par une dose unique de busulfan.
un
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