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Abstract—The moulting hormone content of mealworm homogenates was determined by injection
of partially purified fractions into abdomens of mature larvae of Musca domestica. In mealworms

with a 12-day interval between ecdyses, moulting hormone was at a maximum at 8 days.

INTRODUCTION

ACCORDING to the classical scheme for the control
of apolysis, an increased titre of circulating moulting
hormone leads to apolysis and deposition of new cuti-
cle. Moulting hormones are presumed to be liberated
from the prothoracic glands, which, in turn, are regu-
lated principally by ecdysiotrophin produced by the
mediarm neurosecretory cells of the pars intercerebralis
(references in WIGGLESWORTH, 1964; WyaTT, 1971;
DoaN, 1973; GILBERT and KING, 1973). During the
larval stages of Lepidoptera and Diptera, fluctuations
in the body content of moulting hormone (MH) have
been demonstrated by bioassay (SHAAYA and KARL-
SON, 1965a, 1965b; KAPLANIS et al., 1966; BARRIT and
BirT, 1970).

ROMER (1973) has recently investigated fluctuations
of MH-activity in the larva of the mealworm, Tene-
brio molitor. Romer homogenized ecdysial glands and
oenocytes, and assayed the native or denatured total
homogenates in the Calliphora test (ADELUNG and
KARLSON, 1971). His results show detectable amounts
of moulting hormone activity throughout the instar,
and he concludes that there are two approximately
equal peaks in the moulting hormone activity of ecdy-
sial gland homogenates. Tt is difficult to reconcile the
high ‘background’ level of moulting hormone activity
(usually at least 50% of peak value) which Romer
reports, with a classical scheme of fluctuating titres.
ROMER (1973) suggested that the content of circulating
hormone could be significantly altered by differential
activity of a hormone inactivating system.

In more recent studies by DELBECQUE et al. (1975),
larvae of Tenebrio were staged by the ‘ocular’ method
of Stellwaag-Kittler (1954) and the p-ecdysone con-
tent was determined by gas chromatography and
mass spectroscopy. The data reveal a single major
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peak in MH-activity and no sustained background
activity.

In the present paper, we report the results from
a re-examination of moulting hormone content of
whole larval Tenebrio. Homogenates were differen-
tially extracted to purify partially the ecdysones
(OHTAKI et al., 1968) and the extracts were assayed
by injection into Musca larvae, which are more sensi-
tive to ecdysones than are larvae of Calliphora (Kap-
LANIS et al., 1966). In a subsequent paper (Lack and
Happ, 1976), we will examine the changing rates of
amino acid incorporation into the medial neurosecre-
tory cells of the pars intercerebralis over the interval
between ecdyses. :

MATERIALS AND METHODS

Mealworms, Tenebrio molitor, purchased from a
commercial supplier, were maintained in our labora-
tories on a diet of Purina chick startena supplemented
with potato as a source of moisture. All animals used
had been in our animal room for at least two weeks.
Manipulations were performed on sixth or seventh
instar larvae.

Moulting hormone was assayed by injection of
samples into mature larvae of Musca domestica
(NIAMD strain). Adult flies were maintained on a
diet of sucrose and powdered milk, and maggots were
reared in plastic boxes containing CSMA diet.

Moulting hormone was extracted from mealworms
by the technique of OnrAKI et al. (1968). Twenty ani-
mals (on each day of the instar) were homogenized
in acetone: methanol (1:1) and the ecdysones were
partially purified by their differential solubilities in
alcohols, including their partition into the n-butanol
epiphase. The final extract was stored in 1009, meth-
anol at —20°C, at a concentration of ca. two meal-
worm equivalents/ml. We did not attempt to separate
the o- and B-ecdysones from one another.
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The assay technique was essentially that of Kap-
LANIS et al. (1966). One-half to one ml of methanolic
extract was evaporated to dryness in a stream of
nitrogen and resuspended in 50 or 100 ul of distilled
water. All injections were 3 pl in volume. Each was
delivered from a [0 ul Hamilton microsyringe with
a 28 gauge needle into the ligatured abdomen of the
larva. Controls included injections of 709, methanol,
5% methanol, 5% methanol containing f-ecdysone
{(Mann Laboratories, ecdysterone), distilled water, and
distilled water containing fS-ecdysone.

Moulting hormone activities of our test extracts
were scored by two indices, termed the sclerotization
index (SI) and the pupation index (PI). After carefully
excluding all false positives due to surgical injury, we
scored each assay animal as positive (detectable scler-
otization) or negative (no sclerotization). The percent-
age of animals scored positive for each group is the
sclerotization index. Whenever active extracts induced
complete sclerotization and contraction of the iso-
lated abdomen (equivalent to full pupation), the ani-
mals were scored positive for pupation and the per-
centage of positives per test was the pupation index.

RESULTS AND DISCUSSION

Isolated abdomens of mature larval Musca domes-
tica sclerotize when injected with an aqueous solution
containing 6 ng of f-ecdysone. When injections are
successful, both the anterior and posterior parts of
the bioassay animal appear red-brown. The cuticle
has a flaky texture. The abdominal region is rounded
and shows no sign of haemolymph loss. When viewed
under a dissecting microscope, the cuticle is suffi-
ciently transparent for the normal movement of hae-
molymph to be seen within the isolated abdomen.
Dissection reveals a clear haemolymph, devoid of
melanin. The fat body remains intact and exhibits no
sign of decomposition.

Table 1 shows the result of the control experiments.
In 22 sham injected abdomens, there was no sign of

Table 1. Control experiments for the bioassay of meal-
worm extracts in isolated abdomens of mature larval
Musca domestica

No. of  No. of
injec-  surviving
Test tions  animals SI* PI*
Sham 22 22 0 0
Distilled water 25 23 0 0
5% Methanol 10 7 0 0
5% Methanol +
6 ng B-ecdysone 12 12 75%
33%
Distilled water +
6 ng S-ecdysone 78 63 74 47

* SI Sclerotization Index.
PI Pupation Index.
See text for further explanation of these indices.
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moulting hormone activity. Wounding, due to inser-
tion of the syringe, did not appear to stimulate the
sclerotization process. Careful removal of the syringe
minimized haemolymph loss, and resulted in neglig-
ible signs of dehydration. The fat body remained in-
tact.

To determine whether the solvents used in the
extraction, purification, and storage of test samples
might initiate sclerotization, groups of 15 assay ani-
mals were injected with standard quantities (3 ul) of
70%; methanol, absolute methanol, or butanol. In all
the abdomen discolored within a few minutes (meth-
anol) or hours (butanol). On the following morning,
the animals appeared to be dehydrated. Dissection
of the abdomen revealed decomposed fat body but
the abdominal cuticle remained unsclerotized.

Since the extracts of Tenebrio larvae were stored
in methanol, we were concerned that traces of meth-
anol (persisting after evaporation) might interfere with
the bioassay or mask the effects of ecdysone. To test
this possibility, a solution of 5% methanol:95%, water
was injected into 10 assay abdomens. The data (Table
1) show good survival, and the seven surviving ani-
mals showed no signs of sclerotization. Death was
attributed to haemotymph loss in the other three
cases. When 6 ng of S-ecdysone were included in the
5% methanol injection, 9 of the 12 animals showed
signs of sclerotization and 4 abdomens appeared to
pupate. As these results are very similar to those with
ecdysone in distilled water (Table 1), we concluded
that minor methanol contamination would not inter-
fere with our assay.

To determine whether significant loss occurred dur-
ing extraction and purification, commercial f-ecdy-
sone was processed in the same manner as were
extracts of mealworms. The extraction technique did
not inactivate f-ecdysone, although there was a loss
of approximately 20%.

The bioassay of mealworm extracts in the ligatured
abdomens of larval Musca domestica revealed the
peak in moulting hormone activity (both by the scler-
otization index and the pupation index) at eight days
after ecdysis. Lesser activity was detectable at 9 and
10 days (Fig. 1). Within the limits of the technique,
no moulting hormone activity was detected at any
other time within the instar,

Larval endopterygotes have been characterized by
a single, usually low peak in moulting hormone acti-
vity (Doang, 1973). In larvae of Tenebrio, our data
indicate that this peak occurs at day 8 to 10, some-
what before apolysis, which takes place at day 10.
Since 6 ng of Mann ecdysterone corresponds to one-
eighth mealworm equivalent, the apparent ecdyster-
one content of a single mealworm is about 50 ng. The
average live weight of a mealworm at this state was
[08 mg. Therefore, the peak ecdysone is ca. 400 ug/kg
of live weight, a value that falls within the range of
ecdysone content found in other species (GILBERT and
King, 1973).

RoMER (1973) reported a progressive increase in
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Fig. . Moulting hormone activity in mealworm extracts.
At least twenty isolated abdomens of Musca were injected
with extracts of larval Tenebrio from each day. Three dose
levels were employed representing 1/32, 1/16, and 1/8 of
a mealworm equivalent per 3 pul injection. Higher dose
levels were impractical for the concentrated mealworm
extract could not be completely suspended in the 3 ul vehi-
cle. Even at the highest dose (1/8 mealworm equivalent),
no activity was detected at days 1 to 7 or on day I and
12. Dose levels: O 1/32 mealworm equivalent; 1/16
mealworm equivalent; B [/8 mealworm equivalent.

moulting hormone activity toward the latter part of
the interval between ecdyses in Tenebrio. In addition,
he reported a marked peak just after ecdysis. We do
not fully understand the discrepancy, but part of the
answer may lie in differences in technique. We used
partially purified moulting hormone fractions from
larvae, whereas Romer used gross homogenates of
ecdysial glands. Furthermore, Romer utilized a Calli-
phora bioassay while we employed Musca as assay
animals. It is possible that Musca and Calliphora
might exhibit species differences in sensitivity to a het-
erogeneous mixture of ‘puparium-building substances’
in extracts of mealworms.

Our data agree substantially with the results of
DELBECQUE et al. (1975), which show a major peak
of ecdysone in the latter portion of the interval
between ecdyses and also show none of the ‘back-
ground’ activity in the early portion of that interval.
DELBECQUE et al. (1975) also reported a secondary

peak in ecdysone titre 2 to 3 days before the major
peak. We did not detect the secondary peak. The dis-

crepancy may reflect differing sensitivities of the assay
methods, or perhaps stem from the fact that DELBEC-
QUE et al. (1975) utilized last instar larvae whereas
our animals were younger.
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