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(With 5 figures)
The corpora allata of insects produce a hormone which has been named 

“juvenile hormone“ or “neotenin“, which has been shown to influence the 
retention of larval characters (W ig g l e sw o r t h , 1934, 1954). These glands 
are active in the imaginai insects also, and in the female, the hormone has 
been found to regulate growth of the eggs and yolk-deposition (S c h a e r e r , 
1952; J o h a n sso n , 1958). The role of the hormone in metamorphosis and 
reproduction has been elucidated by appropriate transplantation and ex-
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tirpation of the corpora allata in test’ animals. The first active extracts of 
the juvenile hormone were obtained by W il l ia m s  (1956) as an oily substance 
from the abdomen of male cecropia silk moths. This finding has enabled 
investigators to make suitable extracts and assay the action of the juvenile 
hormone in insects (W ig g l e sw o r t h , 1958; G il b e r t  & S c h n e id e r m a n , 
1960). .

The present paper is a contribution to the study of endocrinology of 
Indian insects where an attempt has been made to extract the juvenile hor­
mone of a common butterfly and to test the juvenilizing effects of the 
extracts on the same species.

Material and Methods
The common yellow butterfly, Terias hecabe Lin n . (Lepidoptera: Pieridae) has been 

used in the investigation. Adult insects, belonging to both sexes were captured from the 
field on bright days, and their abdomens were cut and pulverised in a container in a 
small quantity of diethyl ether. Repeatedly the pulverata were extracted in quantities 
of ether until the supernatant was colourless. After filtration, the extract was evaporated 
when it left a residual, yellow, oily substance. I t was dried at 60°C., for thirty minutes 
to remove the traces of ether. This ether-soluble material of the abdomen formed the 
extract (Williams, 1956). .

In all experiments, the extracts were used undiluted.
1 . Small droplets were injected into the body of the last larval instar or the pupa 

by a inicroneedle capillary tubing connected to an Agla micrometer syringe, each 
injection delivering 0.001 cc. The larger droplets (about 0.002 cc.) were blown in by 
mouth. The extract was injected dorsally or ventrolaterally into the first segment of 
the abdomen.

2. Surface of larval or pupal body was scratched gently with blunt glass rod, and a 
smear of the extract was applied on the surface. The scratching helped in the penetration 
of the hormone. In caterpillars, the application was made in the dorsum of the second 
abdominal segment, and in pupae, on. the lateral side of the pro- and meso-thoracic 
segments. The smeared surface was then covered over by paraffin of low melting point. 
This was the adaption of the „wax test“ method developed by S chneiderman & Gilbert (1958).

3. Regeneration of thoracic legs was studied by amputation of one of the metathoracic 
legs of etherised last-instar caterpillars, where the wound was smeared with the extract 
and sealed with paraffin. In one half of the experimental lot, the amputation of both 
metathoracic legs was done, and only on one side the smear was applied.

The preparations of the sites of experiment were made, after fixation in Carnoy’s 
fluid. They were dehydrated, cleared and mounted unstained in Canada balsam.

Observations
1. Normal metamorphosis .

The last instar caterpillar of Terias hecabe L in n ., when fully fed, will 
start pupating after selecting a suitable site. The process of pupation will 
last for about 48 to 60 hours, beginning from the period of elaboration of 
silk for attachment of cremaster to* complete emergence of the pupa. The 
pupal instar lasts for 6 to 7 days during the monsoon and post-monsoon
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months (June to December). By January the population level of the insect 
falls considerably, and in summer the insects are few and the larvae are 
practically on the hedges. Many caterpillars die off under laboratory 
conditions in. summer, where the temperature from February to May will 
be from 29 to 34 °C.

2. Injection Experiments
Of the 160 caterpillars that have been injected with 0.001 to 0.002 cc., 

of the extract, only 9 survived. These experiments were conducted when 
larvae were abundant and normally active, the tempera­
ture ranging from 24 to 26 °C. All the surviving caterpillars 
pupated, but the pupal transformation was delayed by 
over 36 hours. The control larvae pupated after 60 hours 
while the treated ones did so only after 96 hours. The 
pupae were normal except two, which latter belonged to a 
lot where larger quantity of the hormone was injected. 
These were somewhat strange in that, they showed on the 
ventral side of the abdomen, paired prominences, which 
were thicker and darker, resembling imperfectly organised 
prolegs (Fig. 1). The skin pattern even at the site of in­
jection was pupal, though the proleg thickenings were 
conspicuous.

The survival of specimens out of a total of 160, suggets 
a high percentage of mortality (only 5.6% surviving).
Fig. 1. Pupa of Terias hecabe Lin n , which has received an injection 
of a dose of ether extract containing juvenile hormone. The injection 
was made on the ventrolateral side of the 1st abdominal segment. 
The abdomen shows the pressence of sclerotised thickenings corre­

sponding to larval prolegs

Injection of the extract into the body of pupae was found to be lethal; 
none of the 110 pupae tested, survived. Injection was made into 24-hour 
old and 48-hour old pupae; both the categories blackened and died in the 
course of three days.

3. Wax Tests
The “wax test“ proved to be a very satisfactory method of studying the 

hormonal activity of the extract.
The treated caterpillars showed no delay in moulting into the pupae. The 

pupal skin exhibited no special feature on the treated segment, except that 
in several examples the skin was rather thin and transparent. A distinctive 
juvenilizing effect was not observable, and the setae on the body were all of 
the characteristic tiny pupal type.
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No larval type of elongated 
seta or peg was visible in any 
example. One hundred cater­
pillars were subjected to the 
“wax tests“ and all of them 
emerged as normal adults.

But the application of the 
extract on the thorax of the 
pupa yielded different results. 
One side alone was treated with 
the extract, and that only once 
on one pupa; the other side 
offered itself as the control. The 
hormone was applied after 24 and 
48 hours of pupation.

When the butterflies emerged 
from such pupae, they exhibited 
normal, adult cuticle bearing 
well formed, yellow scales on the 
control side, while on the treated 
side the cuticle was black and 
devoid of scales (Fig. 2). The 
preparation of such skin revealed

Fig. 2. Dorsal view of the adult of Terias 
hecabe Lin k , which has been treated with the 
extract on the left side of thoracic segments, 
to show the absence of scales in the region

a general absence of sockets of scales in the region (Fig. 3); on closer 
examination highly aborted and tiny scales which were intermediate 
between scales and setae were found here (Fig. 4). The number of such 
intermediate scales were small, and these few ones were widely separated 
and their distribution resembled the few and scattered pupal setae. Both 
one-day-old and two-days-old pupae yielded similar results.

4. Regeneration of Thoracic Legs
When a metathoracic leg of a caterpillar is amputated at its base, three 

days before pupation, a new leg will be regenerated in full when the animal emerges out as the adult. If a smear of the hormone 
in the extract is laid on the wound and sealed off with 
paraffin, only a small stump of the leg will be present 
in the adult as the regenerate. Figure 5A shows such 
a regenerated stump on the side treated with the 
extract. It shows an apparently two segmented
Fig. 3. Thoracic region of adult Terias hecabe Lin n , showing 
the general absence of sockets of scales in the region which 
has been smeared with the extract and covered by paraffin, 

while a pupa
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but well nature, which is, however, completely undifferentiated sclero- 
tised. From its base arises a small prominence with two small setae. 
This leg is remarkably similar in organisation to the typical thoracic leg of a 
caterpillar (Fig. 5B), which is with two segments and a claw, and bearing a 
ventral sense pad (?) with a pair of long setae. In some examples, regenerate 
was totally absent, the region exhibiting only a sclerotised patch as a scab.

Discussion
That ether-extracts of abdomen of adults of Terias hecabe L in n ., contain 

quantities of the juvenile hormone, is very well illustrated by the results

Fig. 4. Structure of typical imagnial scales (A); typical pupal setae (B); and the inter­
mediate type (C) obtained as a result of wax test, taken from region shown in Fig. 2

obtained in the present investigation. The existence of this hormonal 
principle in etherethanol extracts of bodies of adult Periplaneta, larval 
Pieris and larval Rhodnius have been reported by W ig g l e sw o r t h  (1958). 
Injection experiments have induced a high rate of mortality in caterpillars 
of Terias and in pupae they have been completely lethal. A high degree 
of similar mortality has been recorded by W ig g l e sw o r t h  (1958), though 
S c h n e id e r m a n  & G il b e r t  (1959) have pointed out that diluted extracts 
have been very well tolerated. However, the fact that some caterpillars of 
Terias have pupated, is suggestive of the fact that in some cases at least, 
undiluted extracts will be tolerated. The normal pupation, and the emer­
gence of the normal butterflies indicate that the juvenile hormone content 
of the extract has not succeeded in exercising juvenilizing effects except 
in the production of a localised change in two examples. This tends to 
support the view that the last instar larva can inactivate the juvenile hor­
mone (W ig g l e sw o r t h , 1952; G il b e r t  & S c h n e id e r m a n , 1960). However,

A C
0*1 mm.
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a marked sensitivity of the region bearing the prolegs to higher titre of 
juvenile hormone has been reported by Piepho (1950) who obtained pupae 
with larval prolegs and imagines with skin bearing underlying proleg struc­
tures, by supplying several corpora allata to an wound site on the ventro-

--------------------- 1

0 . 1  mm.

Fig. 5. A. Regenerate of metathoracic leg from adult Terias hecabe Linn, under the 
influence of the juvenile hormone extract. I t is faintly bilobed and bears the typicallarval sensory pad
B. Normal metathoracic leg of a caterpillar of Terias hecabe Lin n . The sensory pad 

and the two segmented nature are well marked
lateral side of the last instar caterpillar of Galleria. The indications of 
prolegs on pupae of Terias reported in this paper, are also illustrative of this 
sensitivity to increased dosage; this would tend to suggest that the inacti­
vation of the juvenile hormone presumed earlier could only be partially 
complete.

Wax tests applied to the early pupa form the most valuable methods of 
studying the juvenilizing effects of the ether-extracts of adult abdomen. 
Structures intermediate between imaginai scales and larval setae were

DOI: 10 .21248/con trib .en tom om .7 -8 .914 -922

http://www.senckenberg.de/
http://www.contributions-to-entomology.org/


©www.senckenberg.de/; download www.contributions-to-entomology.org/

920 K. K. N ay ar, On the Juvenile Hormone
laid out on the skin, in a pattern conforming to that of pupae, on regions of 
skin of adults, on the treated sides. Similar structures of an intermediate 
nature have been recorded on transplanted skin of Lepidoptera by N ayar  
(1954) where the pupal stadium was made to skip over. The juvenilizing 
effects of the corpora allata have been recorded in transplants in other 
insects also (in Iphita by N a y a r , 1956), and in studies using extracts 
similar observations have been recorded by W ig glesw obth  (1958) and 
G il b e r t  & S c h n e id e r m a n  (1960).

Application of full strength extract of juvenile hormone to tip of abdo­
men of Rhodnius resulted in the failure of differentiation of valvulae of 
the genitalia and retention of the sclerotised ring around anus (W ig g l e s- 
w o r t h , 1958). This shows that differentiation of appendages also is influenced 
by the juvenile hormone. P fl t jg fe l d e r  (1939) has shown that in Dixippus, 
the presence of corpora allata is needed for the normal progress of regenera­
tion. But B o d e n s t e in  (1955) finds that the prothoracic gland hormone is 
the one related to normal regenerative processes. The moulting hormone 
(produced by the prothoracic gland) is present in the last instar larva and 
the pupa to produce the pupal and imaginal moults respectively in Terias, 
but the presence of extra juvenile hormone from the extracts, has induced 
the production of a stump, resembling a larval thoracic leg, thus exhibiting 
a distinctive juvenilizing effect. This would also be indicative of a possibility 
that the inactivation of the juvenile hormone which has been presumed to 
occur in the injection experiments, may not be so effective in this instance, 
because of the topical relationship between the blastema and the small 
quantity of the juvenile hormone supplied in the smear made on the wound.
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S um m ary
1. Diethyl ether-extracts of whole abdomen of adults of Terias hecabehms., (Lepi­

doptera: Pieridae) were made to test the juvenile hormone-effects of the same.
2. Experiments were done on caterpillars and pupae of Terias, involving injection 

and topical application of the extracts.
3. A high rate of mortality occurred when injections were given. All pupae died, 

while about 5.6% of the caterpillars alone pupated, when injections were made. In two 
exceptional cases, indications of prolegs were noticeable on the abdomen of the pupae 
as tanned swellings.

4. Topical application on skin of caterpillar, followed by sealing with paraffin (“wax 
tests“ ) showed no effect on the insects and the larvae moulted into normal pupae and 
adults. But topical application on pupae produced on the adult skin an absence of true 
scales on the treated area. Instead the patches showed intermediates between scales and setae arranged sparsely like pupal setae.

5. Application of extracts on amputated surface of metathoracic legs of caterpillars, 
resulted in the production of stump-like regenerates in the adult butterflies. These
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regenerates were bilobed, with a seta-bearing ventral organ, resembling a larval thoracic 
leg.

6. The findings have been discussed in the light of recent literature on juvenile 
hormone and its physiology.

Z u sa m m e n fa ssu n g
1. Es wurden Ä ther-Extrakte ganzer Abdomina von adulten Terias hecabe L. 

(.Lepidoptera: Pieridae) gemacht, um deren Juvenilhormonwirkung zu prüfen.
2. Die Versuche wurden mit Raupen und Puppen von Terias bei Injektion und ö rt­

licher Anwendung der E xtrakte durchgeführt.
3. Bei Injektionen tra t hohe M ortalität auf. Alle Puppen starben, während nur 5,6% 

der Raupen zur Verpuppung kamen. In zwei Ausnahmefällen wurden Andeutungen 
von Beinen am Abdomen der Puppen als gelbliche Anschwellungen bemerkt.

4. Örtliche Anwendung auf der H aut von Raupen m it Wachsabschluß (wax tests) 
zeigte keine W irkung; die Raupen entwickelten sich zu normalen Puppen und Imagines. 
Aber örtliche Anwendung bei Puppen bewirkte auf der H aut der Imagines das Fehlen 
echter Schuppen an der behandelten Stelle. Stattdessen zeigten diese Stellen Zwi­
schenformen zwischen Schuppen und Borsten, die wie Puppenborsten zerstreut ange­
ordnet waren.

5. Bei Anwendung von E xtrakten auf der Wundfläche am putierter M etathorakal­
beine von Raupen erfolgte bei den adulten Tieren die Bildung eines stummelförmigen 
Regenerates, das zweilappig und m it einem borstentragenden Ventralorgan an ein 
larvales Thorakalbein erinnert.

6. Die Ergebnisse werden unter Berücksichtigung der neueren L iteratur über Juvenil­
hormone und ihre Physiologie diskutiert.

Pe3iOM e
1. H a nejibix aöilOMeHOB B3pocjibix Terias hecabe L. (Lepidoptera : Pieridae) 

H3rOTOBJIHJIHCb 3(|>HpHbie BHTH3KKH, HJIH HCnblTaHHH AeHCTBHfl KIBeHHJIBHblX 
ropMOHOB.

2. OmiTH npoBOHHJiHCb Ha ryceram ax  h KyKOJinax Terias b ycJiOBHHX hh’ckkhh 
H MeCTHOrO npHMeHeHHH BHTHJKeK.

3. ripH HH’eKUHHX nonyqHJiacb Sojibm aa CMepTHOCTb. Bce KyKOJiKH nornöJiH, 
B to BpeMH, KaK jiHiiib 5 ,6%  ryceHHp OKyraniBajmcb. B anyx  HciwiiowrejibHbix 
c jiyuanx  OTMeuajiHCb Ha aöflOMeHe KyKoaoK cjieabi Hör b BHue HtenTOBaTbix 
oiiyxaHHü.

4. MecTHoe npHMeHemie BbrrasKeK Ha KO*e rycem m  c wax tests He OKa3ajio 
jieücTBHH; ryceHHipbi npoHOJimaJiH CBoe pa3BHTHe h npeBpamaJiHCb b HopManbHbie 
KyKOJiKH H imagines. OhHaKO, nocjiejjCTBHeM MecTHoro npHMeHeHHH 6hjio 
oTcyTCTBHe neuiyeK Ha ¡uecTe npHMeHeHHH. BMecTo 3Toro Ha m x  MecTax no- 
Kä3ajiHCB npoMejKyTouHbie $opMH Meatny uemyifeaMH h meTHHKaMH, pacnonoHseH- 
HHMH pa3ßpOCaHHO, KaK y  KyKOJIOK.

5. IIpH npHMeHeHHH 3kctpaKTOB Ha paHeBoö njioipaHH aMnyrapoBaHHbix 
ryceHHHHbix Hör MeTaTopanca y  B3pocjm x HaceKOMbix o6pa30Bajica KyjibTH- 
o6pa3Hbiit pereHepaT, KOTopbiü hbjihhcb aByaojibHbiM h oßnaaaH ßpionrabiM 
opranoM c meTHHKaMH, HanoMHHaa jiHUHHOUHyio rpyjjHyio Hory.

6. C yneTOM HOBeitaieft jnrrepaTypbi o xoBeHHJibHbix ropM onax h hx  $H3HonorHH 
o6cy?KaaK)TCH nojiyueHHbie pe3yjibTaTbi.
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Beiträge zur Kenntnis der Adoretini der aethiopischen Region
(Coleóptera: Lamellicornia, Melolonthidae, Rutelinae)

II. Teil1)
J o h a n n  W . M a o h a tso h k e

Deutsches Entomologisches Institut 
der Deutschen Akademie der Landwirtschaftswissenschaften zu Berlin 

Berlin-Friedrichshagen
(Mit 9 Textfiguren)

1. Ist A doretus  oedipu s  FAIRMAIRE ein T rigonochilus  I
Der von F a ir m a ir e  (1903) vom Mt. d’Ambre in Madagascar beschriebene 

Adoretus oedipus wurde von O h a u s  (1912) in seiner „Revision der Adoretiniu 
in das Genus Trigonochilus B r b n s k e  (1896) gestellt. Die Art soll im Bau 
der Oberlippe, der Borstenpunkte auf der Halsschildscheibe und in der 
starken Verschiedenheit der äußeren Klauen an den Hinterfüßen mit 
Trigonochilus übereinstimmen. O h a u s  war sich aber über die Stellung dieser

1) Der I. Teil ist unter dem Titel: „Beiträge zur Kenntnis der afrikanischen Adore- 
tus-Arten“ in Beitr. Ent., 8, 482—491, 1958 erschienen.
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