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Summary. 1. Active prothoracic glands and oenocytes of last larval stage are 
both characteristized by well-developed smooth and rough endoplasmic 
reticulum (ER). Prothoracic glands also show plasma membrane infoldings, 
but not oenocytes which contain a large number of pleomorphic vesicles. 

2. The fine structure of embryonic oenocytes corresponds after blasto- 
kinesis with that of active larval and adult cells. Thus, an activity in the late 
embryo can be assumed. Embryonic prothoracic glands reveal no signs of 
activity: smooth and rough ER are absent. The subcellular structure resembles 
that of organ anlagen, i.e. not yet fully differentiated tissue. Hormone synthesis 
is not likely. 

3. Ecdysone titer was determined throughout embryonic development and 
in mature adults. Although prothoracic glands break down during adult 
ecdysis, imagines contain in the Calliphora-bioassay active factors: females 
0.9 CU/g and males 0.5 CU/g. As sites of synthesis the oenocytes are suggested. 

4. A relatively high ecdysone titer of 7 CU/g is measured in newly deposited 
eggs. The hormone is presumably of maternal origin. Subsequent to blasto- 
kinesis the hormone content increases dramatically up to about 180 CU/g, 
apparently due to endocrine function of the embryo. Oenocytes are proposed 
as the source of ecdysone during late embryonic development. 

5. The function of ecdysone during early and advanced embryogenesis, 
especially in view of "embryonic molts", is discussed. 

Key words: Ecdysial glands - Ecdysone - Embryos, larvae - Oncopeltus 
fasciatus (Insecta, Heteroptera) - Ultrastructure. 

Introduction 

Few specific data exist concerning the occurrence of hormones in insect eggs and 
their possible role in embryogenesis and "embryonic molts". Previous studies on 
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this ma t t e r  have p r o d u c e d  confl ic t ing results (for summar ized  discussion,  see 
Doane ,  1973, and  Dorn ,  1976). There  are  indica t ions  tha t  newly depos i ted  eggs 
con ta in  ecdysone  of  ma te rna l  or igin (Boohar  and  Bucklin,  1963; Ohnishi  et al., 
1971; Kap lan i s  et al., 1973; Novfik and  Zambre ,  1974; Mizuno  and Ohnishi ,  
1975). However ,  it is also p r o b a b l e  that  the e m b r y o  itself  can synthesize mol t ing  
h o r m o n e s  (Kap lan i s  et al., 1975). The goal  o f  the present  s tudy was to de te rmine  
the ecdysone  t i ter  o f  eggs dur ing  deve lopment ,  and  to ascer ta in  the loca t ion  of  its 
synthesis.  Therefore ,  para l le l  to the t i ter  de te rmina t ion ,  e lect ron mic roscop ic  
observa t ions  o f  the embryon ic  p ro tho rac i c  g lands  (PTGs)  were under taken .  
Since it has been shown that  oenocytes  (OENs)  also p roduce  a mol t ing  h o r m o n e  
( R o m e r  et al., 1974) and are  p r o b a b l y  the only source in the egg lay ing  female,  they 
have been inc luded  in the invest igat ions.  Possible  cor re la t ions  between h o r m o n e  
level, funct ion  o f  ecdysial  g lands  (PTGs  and  OENs)  and deve lopmen ta l  processes  
in the egg o f  Oncopeltus will be po in ted  out.  

Since ecdysone  is not  h is to logica l ly  demons t rab le ,  it is imposs ib le  to j udge  
f rom elect ron mic rog raphs  if  P T G s  or  O E N s  are  synthesiz ing hormones .  To 
in terpre t  the f indings on the embryo ,  where it is uncer ta in  whether  h o r m o n e  
synthesis  exists, it was necessary to compa re  g lands  which are  a l r eady  k n o w n  to be 
produc t ive .  Fe i r  and  Wink l e r  (1969) r epor ted  t i ter  measu remen t s  of  the last larval  
stage o f  Oncopeltusfasciatus, where  a cons tan t  level o f  1.7 C U / g  ecdysone  was 
lound  f rom day  one to day  six. The present  studies on the fine s t ructure  revealed 
dur ing  the middle  th i rd  o f  the last  larval  stage a ra ther  cons tan t  a ppe a ra nc e  of  
P T G s  and O E N s  with  respect  to deve lopmen t  o f  the var ious  cell organelles.  The  
fol lowing descr ip t ion  o f  the active g lands  refers to this deve lopmen ta l  stage. 
Imagines  were also included in the case o f  OENs.  

Material and Methods 

Eggs of Oncopeltus were collected 12 or 14 h after deposition and exposed to a temperature of 30'C. 
Under these conditions embryogenesis lasts 123 -+ 3 h. Eggs of different developmental stages were 
either fixed for ultrastructural studies or preserved in methanol (60%) at - 20 ~ C for titer determination. 

For electron microscopic investigations the embryo was dissected from the chorion, cut in two 
halves (between thorax and abdomen) and immersed in fixative. Fixation consisted of 2~ o glutaral- 
dehyde in 0.05 M cacodylate buffer, pH 7.4, with addition of 0.2 M sucrose, followed by 1% osmium 
tetroxide in 0.05 M cacodylate buffer, pH 7.4. Only Fig. 8b is derived from a specimen fixed solely in 
osmium tetroxide. After dehydration the specimens were embedded in araldite. Most sections were 
double-stained in uranyl acetate and lead citrate. 

Molting hormones were extracted either according to the method of Karlson and Shaaya (1964) 
or as follows. After triple extraction with methanol, supernatants were collected, evaporated to a few 
ml and extracted four times with water saturated butanol. The collected butanolic phases were evapora- 
ted until dry. The residue was diluted in small amounts of 100% ethanol, and applied to a 0.5 mm thin 
layer plate of silica gel 60 F 254 (Merck, Darmstadt), which was developed with dichlormethane- 
methanol (80:20), ct-ecdysone (Fluka, Neu-Ulm) and fl-ecdysone (Rohto Pharmaceuticals, Osaka) 
served as control substances. The hormone-containing bands were scraped off and the hormone eluted 
from silica gel. Extracts, received from both methods, were subjected to the Calliphora-test. A plotting 
was made in accordance with Adelung and Karlson (1969). 

The degree of polyploidy was determined on 10 gm thick sections of embryos, whole mount pre- 
parations of PTGs and smears of OENs containing fat bodies. The specimens were fixed in 10~~ 
neutral formol, hydrolized for 10 minutes in 1NHC1, at 60~ and subjected to Feulgen's nuclear 
reaction. Single nuclei were measured with the cytophotometer MPE Leitz, Wetzlar (whole-nucleus- 
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method). Measuring diaphragms, together with lenses of differing magnification, were adjusted to the 
size of the nucleus being tested. Diploid nuclei of ganglion cells and haploid spermatids served as 
standards. 

Results 

1. Cytophysiological Studies on the Development (~[ PTGs and OENs 

a) Embryonic Growth. PTGs and the first OENs differentiate from the ectoderm 
at approximately the same time, shortly before blastokinesis. 

After blastokinesis the PTGs occupy their final position, between labium and 
salivary glands, and are attached by a ligament to the trachea. The single cell 
layered, band-shaped gland shows two rows of alternately arranged nuclei. Mitotic 
activity soon ceases, but the volume of nuclei and cytoplasm increases consider- 
ably. Nevertheless, all nuclei remain diploid until hatching (Fig. 1). 

The OENs differentiate successively until hatching and immediately become 
polyploid (Fig. 1). They migrate into the fat body where they are solitary or in 
small groups and become relatively voluminous. After polyploidization the OENs 
no longer divide. 

b) Postembryonic Growth. Tissue growth is considerably different in PTGs and 
OENs. PTGs have the same number of nuclei toward the end of the last larval 
stage as in the older embryo, but a pronounced enlargement of the gland occurs, 
which is due to cell enlargement and polyploidization (Figs. 1, 2). On the day 
before final ecdysis signs of degeneration are clearly visible, such as described for 
other species (Wigglesworth, 1955; Scharrer, 1966; Osinchak, 1966). Most nuclei 
of glands from freshly hatched adults are pyknotic and fuse with others. The cyto- 
plasm becomes thin and thread-like. The areas near labium and salivary gland 
remain intact for the longest period. Two days later the glands disappear completely. 
Whereas the cells of the PTGs can obviously recover after a larval activity cycle, 
this apparently is not the case for the OENs. Therefore, OENs must continuously 
be produced from the epidermis during larval and adult stages. Figs. 1 and 2 
show further that neither nuclear volume nor DNA content increase during 
postembryonic development. Therefore, considering the growth of the animal, the 
necessity of a permanent differentiation of new OENs arises. 

2. Fine Structure of  PTGs 

a) PTGs of  the Last Larval Stage. A basement membrane of 1000-2000 • thickness 
loosely covers the whole gland. Cell surfaces show deep invaginations, which are 
not lined by the basement membrane (Figs. 3 a, 4a). Outermost tips of neighboring 
infoldings often form desmosome-like structures (Fig. 4b). Sites of developing 
coated vesicles can be observed (Fig. 4 b). Lamellated bodies found extracellularly 
in invaginations may represent extruded remnants of autophagic vacuoles. 

In contrast to the illustrations of Herman (1967), the ER in the active gland is 
very prominent, this being true for smooth ER, which occupies the largest part 



334 A. Dorn and F. Romer 

10- 

40" 

30- 

20- 

10- 

15 

10 

10 

iJ 
i =  = 

ij a Jj 

nuclei  ofgangl ia 

prothoracic g lands + oenocy tes  

of the embryo  

ii 

_..-.._ i i , , ,JJ i i , . . . , .  
i 

| 
prothorac ic  g land s+ oenocytes 

of the 5 th instar  

j, 
= - 

; ~ i F .  

oenocytes of the adul t  

v 

0.125 2.'00 4100 8.00 16.00 
2c 32e 64c 128c 256c 

jii 
Q25 Q50 1.00 
4c 8c 16e 

Fig. 1. DNA content of nuclei from ganglia, prothoracic glands (PTGs), and oenocytes (OENs) 
during embryogenesis, 5th larval stage and adult life. Ordinate: number of measured nuclei (during 
embryognesis expressed in per cent). Abscissa: extinction in working units (based on nuclei of ganglia) 
and estimated degrees of polyploidy. PTGs dotted; OENs striped 
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Fig. 2. Volume of nuclei from PTGs and OENs during embryogenesis (�9 �9 5th larval stage 
(e  - -  �9 ), and adult life (A . . . . . .  A). Ordinate: measured nuclei in per cent; abscissa: volume 
in ~tm3 

of the cytoplasm, as well as rough ER, which is oriented parallel to the nucleus 
(Fig. 3 b). 

Golgi complexes are well-developed (Fig. 3b). Their cisternae contain an 
electron dense substance especially in newly molted larvae. Lysosomal bodies are 
present but not numerous (Fig. 3 b). Mitochondria are abundant (Figs. 3 b, 4 a). 
Elongated profiles show longitudinally running cristae (Fig. 4c). Microbodies are 
primarily found between plasma membrane infoldings (Fig. 4 b) and are associated 
with large membrane bounded electron dense granules. Microtubules are rare and 
are mostly found near the surface of the gland. 

Single rosettes and small clusters of glycogen are always present. Romer (1971 a) 
pointed out the close relationship between glycogen and lipids in the PTGs of 
Tenebrio. In Oncopeltus no lipids were found intracellularly. However, similar to 
Tenebrio, lipid droplets are observed attached to the basement membrane. Whether 
or not they are absorbed by the gland cells remains unclear. The nuclei have 
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Fig. 3a. Part of  PTG from young 5th larval instar; H hemocoel; N nucleus; Ttracheole;  arrows point 
to desmosome, x 4000. b Active cell from PTG; smooth and rough ER (sER, rER) well-developed: 
GA Golgi apparatus;  M mitochondrion;  N nucleus, x 20,000 
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irregular outlines with prominent protrusions (Fig. 3a). They possess several 
large nucleoli and round electron dense granules. 

Toward the end of larval life the PTG cells change markedly. The plasma 
membrane infoldings disappear and extensive, irregular, membrane bounded 
vacuoles take their place (Fig. 4d). Rough ER disintegrates into single strands, 
and smooth ER is only present in isolated vesicles (Fig. 4d). Isolation bodies 
appear and are transformed into autophagic vacuoles. 

Theinnervation of PTGs does not seem to be uniform in insects (Romer, 1971 a). 
In some species nerves extend into the gland. In Oncopeltus neither" conventional" 
nor neurosecretory axons are observed. Tracheoles are noted frequently. 

b) PTGs of the Embryo. Gland cells of an embryo close to hatching are illustrated 
in Fig. 5a. They contact each other loosely by means of cell projections. The 
complicated cell periphery (Fig. 5 b) resembles the cell membrane infoldings of the 
active gland to some extent. However, both do not seem to express a similar func- 
tional state, since the labyrinth of the embryonic gland cells is much more irregular 
and lined by the basement membrane. The intercellular system often presents 
membranous material. Electron lucent vacuoles in the peripheral cytoplasm 
(Fig.5 b) are characteristic of cells of organ anlagen generally. 

The cytoplasm is relatively scant and densely populated with free ribosomes 
(Fig. 6). Only rough ER is present in single strands. Golgi complexes are in- 
conspicuous; lysosomes are rare. Mitochondria of the crista type have predomin- 
antly round profiles. Microbodies are not found. Rosettes of glycogen are seen in 
rare cases, lipids never. The abundance of pigment granules, which is somewhat 
surprising, indicates the ectodermal origin of the PTG. It should be mentioned 
that the corpus allatum cells also possess these pigment granules during this stage 
of development, although juvenile hormone (JH) is already synthesized (Dorn, 
1975a). OENs, however, also derivates of the ectoderm, never form pigment 
granules. The nuclei are round or oval, and their envelopes show many indentations 
(Fig. 5 a). Nucleoli are single in the nucleus. 

On the whole, the PTGs offer no signs of a specific activity (i.e. production of 
ecdysone) before hatching in comparison with glands of the fifth larval stage. 

3. Fine Structure of OENs 

a) OENs of the Fifth Larval Instar. The outline of OENs is determined by the 
surrounding fat body, the lipid droplets of which often strongly dent the plasma 
membrane. A basement membrane is only then present, when the cell comes in 
contact with the body cavity (Fig. 9a). Plasma membrane infoldings are never 
developed. 

OENs in the process of differentiation are characterized by a poorly developed 
ER and a high concentration of free ribosomes. In active OENs free ribosomes 
are restricted to certain areas, whereas smooth ER occupies the main part of the 
cytoplasm (Fig. 7b). Rough ER forms characteristic short stacks, which are 
irregularly scattered. Rough ER is not as well-developed in OENs as in the PTGs, 
whereas the content of smooth ER is similar in both. 
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Mitochondria are numerous, relatively large and often round or elongated 
and irregular in profile. In general the matrix is rather electron dense (Fig. 7a). 
Mitochondria are normally of  the crista type, although the tubulus type was also 
found (Fig. 8 b). Since the latter was very rare a correlation between mitochondrial 
structure and functional state was not possible. Golgi complexes could not be 
clearly identified. The appearance of the active gland is characterized by popula- 
tions of  pleomorphic vesicles (Fig. 7 a). Some of them may contain readily soluble 
lipids (Dorn, 1972), others may represent lysosomes and autophagic vacuoles. 
The OENs contain more glycogen than the PTG cells (Fig. 7a, b). Microbodies 
are rather frequent (Fig. 7 b) and have round to elongated profiles. Large, round, 
electron dense granules are present (Fig. 7b). The nuclei are round and never 
irregular (Fig. 8a). Several large nucleoli are the rule; accessory nucleoli occur. 

b) OENs of the Embryo. An OEN which has just differentiated and still lies in the 
hemocoel is presented in Fig. 8a. A thin (100~) basement membrane  is already 
formed. Free ribosomes are scattered throughout the cytoplasm. Rough and 
smooth ER are poorly developed. Golgi complexes are extremely rare. The mito- 
chondria are large in comparison with those of  the active gland cell, but not as 
numerous. It should be pointed out that centrioles were observed in embryonic 
OENs (Fig. 8 a). 

After migration of the OENs into the fat body, pronounced changes in cellular 
structure occur. The smooth ER occupies almost the whole cytoplasm (Fig. 8 b). 
It consists mainly of  vesicles, which often show dilatations of  variable extent. 
Vacuoles, electron lucent or with a flocculent content, in the cell cortex are prob- 
ably derived from pinched off vesicles (Fig. 9 a) and released into the hemocoel. 
Omega-shaped indentations of  the plasma membrane were observed. It can not 
be ruled out that the vacuoles indicate pinocytotic activity. They can lie singularly 
or in a row with open connections to each other like a string of  pearls. They only 
occur in embryos and adults, not in larvae. Microbodies are numerous, more so 
than in the fifth larval stage. Their profiles are round, dumbbell or horseshoe- 
shaped, sometimes even branched (Fig. 8 b). Due to their shape and other structural 
aspects, a derivation from smooth ER can be considered. Pleomorphic vesicles, 
as described for the cells during the last larval stage (Fig. 7 a), are also present in 
the embryonic OENs and apparently undergo similar processes. Glycogen is rare. 
Anchorage of OENs to fat body cells by desmosomes is occasionally seen in the 
embryo (Fig. 9 b), but not in larvae or imagines. 

Fig. 4a. Apical zone of an active PTG cell with numerous plasma membrane infoldings and mito- 
chondria (M); G depots of glycogen; H hemocoel. • 12,000. b PTG cell; plasma membrane infoldings 
form short desmosome-like structures (small arrows) close to basement membrane (BM); profiles of 
coated vesicles (CV), glycogen (G), microbodies (arrow heads) and larger electron dense bodies 
(large arrow) in cytoplasm between infoldings, x 20,000. c Mitochondria of PTG cells; one with electron 
dense inclusion, another with longitudinally running cristae, x 40,000. d Apical zone of a PTG cell 
from an old 5th larval instar; plasma membrane infoldings are no longer present; irregular electron 
lucent vacuoles are numerous; mitochondria are frequent; short singular profiles of rough ER and 
vesicles of smooth ER can be recognized; H hemocoel, x 12,000 
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Fig. 5 a. Part of PTG from an embryo 110 h old; cells are in loose contact, mostly by cell protrusions; 
N nucleus of PTG cells; N L  nucleolus. • 6000. b PTG cells from 110 h old embryo showing labyrinth- 
like formation of cell periphery; invaginations (L) lined by basement membrane; arrows  point to 
electron lucent vesicles near plasma membrane; M mitochondrion; N nucleus; P pigment granule. 
x 20,000 
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Fig. 6. PTG cell from an 110 h old embryo; free ribosomes (FR) are abundant: GA Golgi apparatus: 
M mitochondrion: N nucleus: P pigment granule, x 60,000 

4. Determination of Ecdysone Titer 

As already shown, the PTGs break down during adult molt and already one day 
later they are no longer detectable. The males and females used for determination 
of hormone titer were between 20 and 40 days old. Nevertheless, an active factor(s) 
could be demonstrated in the Calliphora-bioassay (Table 1). Furthermore, females 
show almost twice as much CU per gram body weight as males. The values from our 
investigation lie somewhat higher than those given by Feir and Winkler (1969) for 
young adults of Oncopeltus, but they are still quite comparable. According to the 
above-mentioned authors no ecdysone is traceable in newly hatched imagines, 
while a titer from 1.7 CU/g remains constant from the first to the 14th day of 



Fig. 7a and b. Active OENs from 5th larval instar. a Cell showing abundance of pleomorphic vesicles; 
rough ER (encircled) is arranged in short stacks; sER smooth ER; G glycogen; A4 mitochondrion; 
N nucleus; LI lipid droplet from fat body cell. x 6000. b Arrow heads point to profiles of several micro- 
bodies; ~WOM: points to a large electron dense body: sER and rER smooth and rough ER: G rosette 
of glycogen; A4 mitochondrion. x 20,000 



Fig. 8a. Newly differentiated OEN from an embryo; N nucleus: M mitochondrion: centrioles e~lcircled: 
H hemocoel, x 7000. b Presumably active OEN from an embryo several hours before hatching: 
smooth ER (sER) ; microbodies (arrow heads) (connection to sER ?) : FR free ribosomes; M mitochon- 
drion of the tubulus type. x 30,000 
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Fig. 9a. Part of an OEN from the embryo (110 h old); arrows point to electron lucent vacuoles (some 
with flocculent content); FR free ribosomes; B M  basement membrane, x 60,000. b Desmosome between 
OEN and fat body cell (FBC). x 88,000 

adult  life. This makes it probable  that an approximately  constant  molt ing ho rmone  
titer is maintained th roughout  the entire reproduct ive span of  life in females and 
males. 

Table 1 shows that  a relatively high molt ing ho rmone  titer is already present 
in freshly deposited eggs and amounts  to a multiple o f  that  in mature  females. 
The values remain about  the same until day four o f  embryonic  development,  when 
they then rise dramatical ly and reach a max imum at day five. The highest value 
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Table 1. Calliphora-bioassay of ecdysone extracts of embryos and adults of Oncopeltus 

345 

Hours after eggs/extract Mean weight of CU/egg CU/g Mean CU/g  
egg deposition (g) one egg (mg) 

0 -  24 11.0 0.2681 0.0016 5.8 7.0 
3.0 0.0022 8.3 

24- 48 5.5 0.2574 0.0008 2.9 2.9 

48 72 3.5 0.2438 0.0026 10.8 12.9 
3.0 0.0037 15.0 

72 96 3.0 0.2275 0.0017 7.5 7.5 

90 102 12.0 0.2173 0.0098 45.0 45.0 

9 6 1 2 0  2.0 0.2074 0.0770 371.0 178.1 
3.0 0.0280 135.0 
2.5 0.0059 28.3 

120-144" 4.0 0.1751 0.0035 19.7 19.7 

Days after adults/ Mean weight of CU/adult CU/g Mean CU/g  
adult moult extract (g) one adult (mg) 

99 3 0 4 0  15.0 78.1 0.070 0.9 0.9 
d d  30 40 13.0 46.0 0.023 0.5 0.5 

* Most specimens already hatched 

measured shows for one egg the same amount of active substance (0.07 CU) as in a 
whole female. During hatching the hormone titer declines almost to the starting 
quantity. The peak of the curve coincides with the apolysis of the second embryonic 
cuticle and the deposition of the third cuticle, which represents the definitive first 
larval cuticle. 

Discussion 

1. Development and Growth of Prothoracic Glands and Oenocytes 

Due to their structure it was taken into consideration that the OENs, simulatene- 
ously or even prior to the PTGs, synthesize molting hormone (Delachambre, 1966; 
Locke, 1969; Romer, 1972, 1974, 1975). In the meantime in vitro studies have proven 
the production of c~-ecdysone in PTGs (Romer et al., 1974 and others), c~-ecdysone 
is believed to function as a "prohormone" (Moriyama et al., 1970), which is 
transformed in other tissues into the active compound/%ecdysone (Marks, 1973; 
Andries and Mounze, 1975). The OENs were found to be such a tissue (Romer 
et al., 1974; Romer, 1973). Agui (1974) demonstrated a "joint action ofprothoracic 
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glands and oenocytes on cultivated wing discs". We hoped to learn more about 
this functional cooperation by a comparative study of both tissues. 

PTGs and OENs are of ectodermal origin. But already during differentiation 
important differences were observed: the OENs very soon become polyploid, 
have no pigment and already show signs of activity in the embryo; the PTGs 
remain diploid in the embryo, contain pigment like the epidermal cells and appear 
to be inactive at least until hatching. Whereas the OENs are reproduced during 
the course of development and their degree of polyploidization never exceeds that 
of the embryo, the PTGs remain cell constant and experience an increasing poly- 
ploidization. Finally the PTGs degenerate during adult molt in contrast to the 
OENs, which are present until death. Hence, the fate of both organs is quite 
different and the "joint action" can only concern a sector of their tasks, at least 
with respect to the OENs. Regarding glands in other insect species, however, 
studies have shown that their mode of growth is not generally determined. Thus, 
in Tenebrio the OENs are cell constant and grow exclusively endomitotically 
(Romer, 1975), while PTGs show mitotic activity and their nuclei remain relatively 
small (Romer, 1971 a). Thus, the conclusion can be drawn that the mode of glandu- 
lar growth is independent of function, at least concerning hormone synthesis. 

The presence of molting hormone long after degeneration of the PTGs, also 
observed by Feir and Winkler (1969), is apparently due to an activity of the OENs. 
It would be desirable to know more about the chemical nature of this molting 
hormone, and whether it is identical with that occurring in "the egg. Detailed 
studies were only carried out on c~- and/%ecdysone. However, Kaplanis et al. 
(1973, 1975) isolated in addition several other molting hormones in insects (among 
them Oncopeltus), but their function is still unknown. 

2. Fine Structure of Prothoracic Glands and Oenocytes 

The PTGs show the essential structural features of active secretion during the 
fifth larval stage (compare Scharrer, 1964; Romer, 1971a; Blaszek et al., 1975; 
Gersch et al., 1975). Pronounced basal membrane infoldings cause a strong surface 
enlargement and point to an increased exchange of substances. Rough ER, smooth 
ER and prominent Golgi regions were also found in Tenebrio (Romer, 1971 a) 
during the most active phase of the gland which coincides with molting. The 
mutante ! (2) gl of Drosophila melanogaster, which fails to undergo metamorpho- 
sis, develops neither rough nor smooth ER (Aggarwal and King, 1969). Although 
no hormone titer determinations were carried out, the behavior of the gland indi- 
cates a developmental arrest. However, a well-developed smooth ER must not be 
a prerequisite for the function of PTGs, as was indirectly assumed by Locke (1970) 
and Joly et al. (1973). In the meantime several in vitro studies have proven hormone 
synthesis in the PTGs. Since the latter are also engaged in the degradation of the 
molting hormones (Romer et al., 1974; Hoffmann and Koolman, 1974; Willig 
et al., 1971), the partly well-developed rough ER might be the site of formation 
of the decomposing enzymes. 

The embryonic PTG is distinctly different from the larval one. In the former, 
rough and smooth ER, mitochondria with an electron dense matrix, striking 
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Golgi complexes, glycogen and liposomes are absent. The cytoplasm is character- 
ized by an electron dense matrix and an abundance of ribosomes, but the organelles, 
which are typical for the active larval glands, are scarse. Therefore, synthesis of 
molting hormones does not seem likely. 

In contrast to the PTGs, OENs show typical "larval" features soon after 
differentiation, which makes the onset of a function, already in the 74 h old embryo, 
quite probable. As in other species, short stacks of rough ER are signs of activity. 
However, the smooth ER prevails in the embryo as well as in advanced stages. 
Especially during larval and adult stage voluminous clusters of glycogen were 
seen (compare with Gryllus, Kalotermes, Heliothrips and Apis," Romer, 1973). To 
what extent they are subjected to metabolism remains to be elucidated. Micro- 
bodies are frequent, as in other insect species (Romer, 1973; Locke, 1969; Gnatzy, 
1970), which parallels other steroid hormone-producing cells (Reddy and Svoboda, 
1972). They might develop from smooth ER. Particularly the OENs in adults give 
indications for a strong lytic activity. But the origin of these enzymes can not be 
traced, since similar to Tenebrio (Romer, 1975), Golgi complexes were rarely 
found. 

3. Function of Ecdysone during Embryonic Development 

Titer determinations and ultrastructural studies suggest that the high ecdysone 
level during the second half of embryogenesis is due to the activity of embryonic 
glands, i.e. OENs. The hormone present during the first half of embryogenesis is 
most probably of maternal origin. Since mature females are devoid of PTGs, the 
OENs might produce the hormone, which is added to the eggs; however, according 
to Hagedorn et al. (1975) the ovaries must also be drawn into consideration. 

The function of ecdysone during early development is obscure. The hormone 
could be necessary for DNA synthesis (Krishnakumaran et al., 1967) or for the 
regulation of cyclic nucleotide concentration (Applebaum and Gilbert, 1972), 
which determines the developmental path of a cell (McMahon, 1974). It could also 
have an influence on "control centers" from where directing factors diffuse to 
morphogenetic areas. 

The peak of hormone level after blastokinesis coincides with apolysis of the 
second embryonic cuticle and deposition of the definitive first larval cuticle. Thus, 
the "second embryonic molt" offers the characteristics of a larval molt. The "first 
embryonic molt" occurs already before most endocrine glands start functioning 
(Dorn, 1975 a, b, c). However, the structure of the first embryonic cuticle differs 
considerably from the second. While the latter is quite similar to a larval one, the 
former is similar to a membrane (Dorn, 1972, 1975a) and probably does not 
represent a " t rue"  cuticle (Louvet, 1974). 

The temporal distribution of ecdysone is comparable with that of other hor- 
mones in the embryo of Oncope/tus. Whereas the curve for JH runs about parallel 
with molting hormone (Dorn, 1975a), the secretion of neurohormones starts 
somewhat earlier (Dorn, 1975 b) and might well play a dominant (controlling) role. 
Although it seems obvious that embryonic and larval molts are both governed by 
hormones in a similar manner (for references, see Dorn, 1972; Bulli6re, 1973), some 



348 A. Dorn and F. Romer 

in vitro observations on embryonic tissue reject the necessity of ecdysone for cuticle 
deposition and apotysis (Schneider and Bucklin, 1958; Takami, 1963; Mueller, 
1963; Mueller and Bucklin, 1965; Sbrenna Micciarelli and Sbrenna, 1972). Never- 
theless, there is proof that molting hormones and JH are capable of influencing 
embryonic tissue growth (Kuroda, 1971; Chihara and Fristrom, 1973; Chihara 
et al., 1972). The precise role of hormones in embryonic development awaits 
further investigation. 

Especially interesting are the observations of Kaplanis et al. (1973, 1975) who 
found relatively large amounts of new ecdysones in eggs of Manduca (26-hydroxy- 
ecdysone) and Oncopeltus (makisterone A). The authors conclude that "...  dif- 
ferent ecdysones could function at different stages of insect development...". 
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