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Abstract—Growth of the ultimate follicle to the resting stage in Aedes aegypti is linear and reaches
maximum development about 60 hr after emergence. Decapitations and ligations at various times after
emergence indicate that growth of the follicles is under the control of factors from the head and
thorax. Release of head factor occurs within one day after emergence and is relatively sudden. The
thoracic factor is released gradually over a 2 to 3 day period. Near normal growth of follicles in
isolated abdomens after topical application of juvenile hormone (JH) indicates that the thoracic factor
is JH from the corpora allata and demonstrates the feasibility of using this system as a JH assay.
When ecdysone was injected simultaneously with JH the follicles failed to grow.

INTRODUCTION

THE CORPORA allata is an important hormonal stimu-
lus for egg maturation in many insects with the excep-
tion of some Lepidoptera and Diptera (review by
Doang, 1973). In the female mosquito allatectomy
does not prevent egg maturation if the operation is
performed 3 days after emergence. If the animals are
allatectomized at emergence, however, egg develop-
ment is arrested (LEA, 1969). Similar results have
recently been described for Musca domestica (LEa,
1975).

In Aedes aegypti the corpora allata stimulates pre-
vitellogenic growth of the odcytes (Gwapz and SPIEL-
MAN, 1973). In the newly emerged adult each ovariole
consists of a germarium and a follicle which contains
eight cells surrounded by a layer of follicle cells. At
this time the obcyte is not distinguishable from the
seven nurse cells (CLEMENTS, 1963). By the third day
after emergence the first, or ultimate, follicle in each
ovariole is larger and the odcyte can be easily dis-
tinguished. A second follicle, the penultimate, has also
appeared but the odcyte and nurse cells remain undif-
ferentiated. The ultimate follicle at this time is said
to be in a resting stage (corresponding to Stage IIb,
CLEMENTS, 1963). GwaDpz and SpiELMAN (1973)
showed that the growth of the ultimate follicle to the
resting stage is under the control of the juvenile hor-
mone (JH) from the corpora allata (CA). In anauto-
genous mosquitoes, such as A. aegypti, the ultimate
follicle remains in the resting stage until the female
takes a blood meal. The blood meal triggers vitello-
genic growth of the ultimate follicle and production
of mature eggs (HAGEDORN, 1974). At the same time
the mnext follicle (the penultimate follicle) grows to
reach the resting stage. Gwadz and Spielman also
showed that the growth of the penultimate follicle
after a blood meal was under the control of the CA.

The present experiments were designed to determine
the kinetics of how hormones affect the postemer-
gence growth of the ovarian follicles to the resting
stage. We also found that a bioassay for JH could
be based on this growth, and that ecdysone inhibited
growth.

MATERIJIALS AND METHODS

Mosquitoes were reared in plastic trays
(19 x 26 cm) holding 450 m! of water and 200 larvae
each. The food was a 50:50 mixture of non-clouding
fish food and vitamin supplemented breakfast cereal.
The temperature was maintained at 27.5°C. Dissec-
tions were performed in Aedes saline (Table1) and
the length of 10 follicles from each of 10 animals was
measured immediately using an ocular micrometer.

Operations were performed by trying a fine thread
at either the neck or the base of the abdomen and
removing the anterior portion. The wound was sealed
with paraffin. Tying the thread at the neck will be
termed ‘decapitation’. Tying the thread at the base
of the abdomen produces isolated abdomens and will

Table 1. Aedes saline modified from
VarMmaA and PUDNEY (1969)

mM
MgCl,-6H,0 0.6
KCl 40
NaHCO; 1.8
NaCl 150.0
HEPES 25.0
CaCl, - 2H,0* 17

* Calcium is added after the pH is
adjusted to 7.0 with NaOH.
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Fig. 1. Growth of the ultimate follicle after emergence (a)
and penultimate follicle after a blood meal (b). Means are
given 4+ standard error.

be termed ‘ligation® for convenience. Operated ani-
mals were maintained for three days at 27.5°C in a
humidified chamber and were sprayed daily with a
fine mist of water.

Animals to be used for the juvenile hormone assay
were ligated within 30min after emergence. The
wound was sealed with melted paraffin and the
abdomens were attached to the edge of a strip of
parafilm in groups of 12. C;; juvenile hormone (mix-
ture of isomers, Eco Control, Cambridge, Massachu-
setts) was topically applied in 0.5 ul of acetone. The
abdomens were then hung in a humidified chamber
maintained at 27°C and sprayed daily with a fine mist
of water. Sixty hours later the ovaries were removed
and the follicle length was measured.

RESULTS AND DISCUSSION

We first examined the kinetics of follicle growth
after emergence and after a blood meal (Fig.1).
Growth of the ultimate follicle after emergence is
linear and reaches full development in 2.5days.
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Growth of the penultimate follicle after a blood meal
is comparatively slow for the first 36 hr. Thus the
penultimate follicle has accomplished 209; of its total
growth by 36 hr, while the ultimate obcyte in the
same amount of time has grown 50% of the total
These data were analyzed to see if the rate of growth
from O to 36hr was significantly different between
the ultimate and penultimate odcytes. The slope of
the line for the ultimate odcyte was 1.29, whereas the
penultimate had a slope of 0.37. This difference was
found to be highly significant (P < 0.01).

To investigate the rdles of the endocrine centers
of the brain and the corpora allata in controlling the
postemergence growth of the follicles we used the sim-
ple techniques of decapitation and ligation. In mos-
quitoes the corpora allata lie in the prothorax, while
the medial neurosecretory cells of the brain and their
neurohaemal organ, the corpora cardiaca, lie in the
head (MEOLA and LEA, 1972). Decapitation, therefore,
removes the source of brain hormones from the prep-
aration, but leaves the corpora allata present. A liga-
ture placed at the base of the abdomen produces an
isolated abdomen and removes both endocrine
centers.

Decapitations 1hr after emergence significantly
reduced (P < 0.01) follicle growth (Fig.2a, total
height of bars). Decapitation 24 or 48 hr after emer-
gence had no significant effect on follicle growth.
Humoral or nervous factors from the head, therefore,
seem to be necessary for a short period (less than
one day) after emergence.

Ligatures producing isolated abdomens gave differ-
ent results. Ligation at 1 and 24 hr after emergence
significantly reduced (P < 0.01) follicle growth
(Fig. 2b). Ligation at 48hr . also reduced follicle
growth but the level of significance was lower
(P < 0.05). Thus it appears that humoral factors from
the thorax (presumably the corpora allata) are needed
throughout the period of follicle growth.

It is also evident from Fig. 2 that a difference exists
between decapitation and ligation in the amount of
growth occurring after the operation. This informa-
tion is shown in the shaded portion of the bars. When
the animal is decapitated 1 or 24 hr after emergence,
the follicle continues to grow by 30 to 35 y, or about
50%, of the total growth. In contrast, after ligation
the follicle grows only 7 to 13.u. These data suggest
that in the case of decapitation there is an abrupt
release of head factor sufficient to maintain consider-
able growth in the absence of the head. Conversely,
ligation results in a more sudden cessation of follicu-
lar growth, suggesting that the thoracic factor is more
gradually released over a period of 2 to 3 days.

The inference that the corpora allata was the source
of the humoral factor was tested by topically applying
juvenile hormone in acetone to abdomens isolated at
emergence. The juvenile hormone caused nearly nor-
mal growth of the follicles in the isolated abdomens
(Table 2). The response of the follicle to topically
applied JH is currently being investigated as a poss-
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Fig. 2. Effect of decapitation (a), or ligations producing
isolated abdomens (b), on the growth of the ultimate folli-
cle. Operations were performed at the indicated times and
follicles were measured 72hr after emergence. The clear
portion of each bar indicates the size of the follicle at the
time of the operation. The shaded portion indicates the
growth of the follicle between the time of the operation
and the time of dissection. In each case the standard error
is indicated. The data were analyzed using Duncan’s New
Multiple Range Test (STEELE and TORRIE, 1960).

ible bioassay for JH. Preliminary results indicate that
it is a dependable and highly sensitive assay system.

These data confirm the results of Gwapz and
SPIELMAN (1973) showing the involvement of the brain
and corpora allata in the growth of the follicle to
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the resting stage. We have also presented data on
the kinetics of follicle growth and the critical periods
of hormone release. Regarding the latter data, it is
clear that the brain hormone is released rapidly dur-
ing the first day after emergence and that the juvenile
hormone is released more slowly over a period of
several days. The data on the kinetics of follicle
growth reveals a striking difference between the rates
of growth after emergence, and after a blood meal
(Fig. 1). The 36 hr lag in growth rate after a blood
meal is about the amount of time that ecdysone titres
are high in the mosquito (HAGEDORN et al, 1975).

Based on this correlation we suspected that ecdy-
sone may interfere with the action of JH. Alterna-
tively, the observed delay could more simply be due
to an absence of JH in the haemolymph during this
period. This could be due to either a lack of JH se-
cretion, or the appearance of a specific JH esterase
(SANDBURG et al., 1975). We decided to test the possi-
bility of an interaction between JH and ecdysone by
injecting ecdysone essentially simultaneously with the
application of JH to isolated abdomens. When both
JH and ecdysone were present the follicles failed to
grow (Table 3).

These data showing that ecdysone prevents the re-
sponse to JH are of interest for two reasons. First,
they demonstrate once again that JH and ecdysone
interact in ways that are presently not understood
(WiLLis, 1974; MASNER et al., 1975; HERMAN and
BAKER, 1976). While it is evident that such interac-
tions could occur at a number of levels,; in these ex-
periments with isolated mosquito abdomens interac-
tions between ecdysone and the corpora allata itself
are definitely not involved.

Secondly, these data provide a basis for under-
standing the results of earlier experiments showing
that ecdysone inhibits ovarian development in a
number of different insects (ENGELMANN, 1959; RoB-
BINS et al, 1968; BEARLE et al., 1970; WriGHT and
KAPLANIS, 1970; WRIGHT et al., 1971). Thus, on the
basis of the present data we can suggest that the inhi-
bition of egg production after treating with exogenous
ecdysone was due to the inhibition of a JH dependent
step in oOgenesis. There is no doubt that JH does
play a rble in insect odgenesis. Exactly what this role
is remains in doubt in most insects. It is possible that
ecdysone could be used as a probe to analyze the
role of JH in odgenesis.

Table 2. Effect of juvenile hormone on growth of ovarian follicles in isolated
abdomens. Means are given =+ standard error

Treatment

follicle length (um)

Unligated control ‘

0.5 pl acetone treated control

0.5 pg juvenile hormone in 0.5 ui
of acetone

1053 + 7.6
427 + 2.7
97.1 + 14
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Table 3. The effect of simultaneous application of juvenile hormone and ecdy-
sone on follicle growth in isolated abdomens. Means are given + standard error

Treatment n Follicle length (um)
Unligated control 20 762 + 14
ligated control 18 420+ 19
ligated + juvenile hormone 19 73.6 + 18
ligated + acetone 14 451+ 1.6
ligated + ecdysone 17 42.54 + 278
ligated + saline 17 43.19 + 147
ligated + juvenile hormone 18 4237 +2.29
and ecdysone
ligated + saline and juvenile 10 68.22 + 1.55
hormone
ligated + saline and acetone 10 43.0 + 0.57

Juvenile hormone (0.05 ug) was topically applied to isolated abdomens in
a 0.5 ul of acetone. Ecdysone (2.5 ug) was injected in 0.5 ul of saline before

ligation.
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