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Based on the two families of neuroendocrine hormones, the steroid mohing 

hormones, ecdysones and the sesquiterpene juvenile hormones, we present certain 

observations in the control of egg hatching and metamorphosis in the Eri silkworm, 

Philosamia ricini. The role of adenosine-3', 5'-monophosphate (cAMP) as a second 

messenger was also investigated. 

In the present study, the obliterate effect of JH-III application on the eggs of 

Philosamia ricini was observed. Younger eggs tend to be more vulnerable to JH treatment 

but the percentage of hatching was also drastically reduced in older eggs as well. JH 

treatment to eggs also had a long term effect; most larvae that manage to hatch were not 

able to develop normally and may die at any stage during their postembryonic life. 

Contrary to eggs treated with Juvenile hormone III (JH-III), 20-hydroxyecdysone 

(20-HE) treated eggs enhances hatching considerably. Although, certain stages of young 

eggs are susceptible to 20-HE treatment, the older treated eggs tend to response favorably 

in term of hatchability. Those larvae that hatched as a result of 20-HE treatment developed 

normally in normal time and the hormone does not seem to affect its postembryonic life as 

observed in JH treatment. Thus 20-HE may be regarded as a possible promoter of hatching 

in insects in addition to its role as a molting hormone. 

In our observation, cAMP more or less mimicked the action exhibited by 20-HE, 

since the unhatched eggs produced as well as the pattern of effectiveness throughout the 

stages by both the treatments are almost similar. 

The egg of Philosamia ricini is oval or laterally flattened ellipsoid. The freshly laid 

eggs are candid white in colour while the chorion is colorless and semi-transparent. Four 

distinct regions, the posterior and anterior poles, lateral flat sides and ventral (dorsal) 

edges, are easily distinguishable. The surface structure of the chorion is covered with a 



network pattern of fairly uniform polygons, mostly hexagonal but occasionally pentagonal 

or heptagonal units. The polygonal shape was common to the whole surface region. There 

is variation in the unit area of the polygon according to their location on the eggs. 

The boundaries between polygons are made of ridges which had distinct aeropyles. 

The aeropyle number corresponds to the polygonal structure so that there are six aeropyles 

in a hexagonal structure, five in pentagonal, seven in heptagonal and so on. The variability 

in the size of aeropyles during egg development may be correlated with the metabolic rate 

of the developing embryo and the modification due to environmental conditions. 

The study in term of hatching of the larvae fi"om the eggs revealed that they 

gnawed their way out through the chorion membrane in accord with the process adopted 

by larvae of all lepidopteran insects. For the process of hatching there is no rupture of egg 

membrane. Line of weaknesses on egg surfaces were not observed nor the presence of egg 

buster or specialize spine or cuticle. The overall structure of the egg during the course of 

development until hatching was not observe to change except for the minute pores or 

aeropyles present on the ridges of the entire polygonal network. 

In the present study, ligation during feeding stage (day 3) does not bring about 

pupal transformation other than the prodromal signs of pupation viz. gut purge, wandering, 

spinning, color change and lost of mobility in anal prologs, during their period of survival. 

The neck ligated larvae, showed normal developing pupae, while in the abdominal ligated 

larvae, the anterior part of the body bear a typical pupal character and the lower posterior 

region still retained the larval character of the last day S"" instar. These larvae continue 

their developmental processes by undergoing spinning even when the ligated thread is still 

intact. The pupal cuticle bearing regions are interpreted as having received enough molting 



hormone, ecdysone while the posterior region in the later that still bear the larval cuticle 

are devoid of the molting hormone due to ligation. However, complete pupal cuticle 

formation occurred only when larvae were ligated long after gut purge (day 3 after gut 

purge). Thus, first critical secretion of prothoracicotropic hormone (PTTH) & ecdysone 

can be assumed to occur at day 3, 5:00 hr (during feeding) onwards and this is necessary 

for causing prodromal signs of pupation and for transition of feeding to post-feeding stage. 

While the second secretions that caused the molt from larva to pupal form was probably 

released three days after gut purge from 4:00 hr onwards. 

Further, the phenomenon underlying gut purge and pupal ecdysis seemed to be 

imder the control of circadian clock since, larvae that undergo gut purge on day-5 and day-

6 pupated exclusively on day-9 and day-10 respectively, forming a time interval of exactly 

4 days in between the events. 

In the present study, mosiac characters in ligated larvae were also observed. The 

posterior part of the abdomen had perfectly formed and taimed pupal cuticle. Failure of the 

anterior part to pupate (anterior inhibition) can be attributed to respiratory deficiencies by 

injury of the tracheal system during ligation or the involvement of the posterior darkening 

factor (PDF) or still another factor, the anterior retracting factor (ARF). 

In the present study, emergence of adult or eclosion from pupal case under natural 

condition occurred during the photophase period of the last day of adult development: 

beginning at 15:00 hours and continuing till 18:00 hours or later. Consistently, eclosion 

starts quite late in the cool afternoon period when light was comparatively reduced. The 

timing of eclosion was observed to occur after 9-11 hours exposure to light. It was also 

observed that, adult eclosion in Philosamia ricini was restricted within a time fi^me or 



gating during precise period of the day; if the pupa completes development while the gate 

is open, ecdysis can occur during the same day. By contrast, if development is completed 

after the gate (after 15:00hr) has shut; the insect must wait until the opening of the gate on 

the next day so that ecdysis can occur within the time frame of 15 hr-18hr. 

In the present study, considering the time of eclosion commencing at 15:00 hours 

on the last day of adult development, the release of eclosion hormone (EH) in Philosamia 

ricini in all probability may occur at about 1 hr prior to adult emergence i.e. at 14:00 

hours. This was substantiated by the fact that EH extracts prepared at about this time (1 

hour before normal eclosion) triggers extensibility in isolated wings of pharate adult that 

had not been exposed to EH activity. 

The curves of oxygen consumption during both the larval cycles (4"* and 5* 

instars) showed an inverted U-shaped, where the descending part of the curve during 

moulting is regarded as a curve representing protein synthesis. JH treated larvae recorded 

lesser amount of O2 consimied compared to 20-HE and cAMP treated larvae. Higher O2 

consumption in larvae treated with 20-HE and cAMP may be correlated to the specific 

action of these compounds directly or indirectly to the epidermal cells which may induce 

molting and thereby higher metabolic activity. Whereas, the JH-III treated larvae may not 

influence molting and they may only help to maintain larval character so metabolic 

activity is possibly reduced and hence lesser amount of O2 consumption. However, JH-III 

treated larvae almost always showed highest O2 consumption amongst the three treatments 

at the ultimate days of both the instars. But by this time development of the 20-HE or 

cAMP treated larvae had become more advanced with low metabolic activity and are at 

rest and on the verge of molting, therefore O2 consumption is low. On the other hand, the 



JH-III treated larvae at the same stage are quite active and probably high levels of 

metabolic activity or differentiation are in progress and hence higher demand of O2. 

In the present study, the pattern of O2 consimiption in cAMP treated larvae are 

more or less similar to 20-HE treatment and it may be possible that cAMP directly act via 

PTTH to induce indigenous 20-HE secretion and activation which may in turn stimulate 

cellular activity and thereby resulted in higher O2 consimiption. 

Morphology and structural changes of integuments of 4th & 5th instars are quite 

similar throughout development. In the present study, the late larval integument with its 

structural maturity can be correlated to be induced by PTTH and ecdysteriod secretions, 

since, such hormones are known to be at their maximal levels prior to molting. At about 

this time probably the molting gel is secreted and the epidermal cells undergo a period of 

mitosis and cell division. The epidermal cell population becomes denser, the cells are 

more columnar and prominent, and their apical surface is thrown into a series of fine folds. 

It was also observed that intercellular spaces are more prominent than in younger stages 

and the epicuticle and endocuticle are distinguishable probably they are ready to be shed 

during the preceding molt. In contrast, low level of integimientary structures up to day-3 in 

both the instars in term of cuticular deposition revealed that they have not been subjected 

to ecdysteriod action and hence cellular activity was also low. At about this time, the 

cuticle looks smooth and pliable while the epidermal cells and intercellular spaces are also 

not prominent. The epicuticle and exodocuticle are not clearly distinct from each other 

making them difficult to identify. ^ ̂  uuiRAIPj; n 
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GENERAL INTRODUCTION 

Ericulture: 

Ericulture is one of the oldest cultures in North Eastern India and is almost a 

prerogative to ti»e tribals of the r^ ioa The culture existed evai before the Aryan 

migration to the region (Chowdhury, 1992). Ericulture in North Eastern India occupies 

94% of the total culture of tiie country of which 70% are in Assam. History points out 

that « i silk were always identified as "Assam Silk". The earliest available referaice to 

eri silk culture in India had been documented in 1779 (Lefroy and CHiosh, 1912). 

Ericulture is an ideal activity for developmoit as subsidiary occupation in a country 

like India providing supplementary income to a large number of rural hilly and tribal 

populations and also for soiculturists because of the abundant availability of castor in 

the rural areas. 

Large quantities of eri silk are produced each year, mainly in India among 

Asian countries. The production grew from 93 MT in the 1950s to over 1316 MT in 

2002-2003. Most of these silks are consumed domestically in India, leaving little for 

espoTt In India at the preset time, most eri silk is produced in Assam, Manipur, 

M^alaya, Nagaland, Arunachal Pradesh and Mizoram, i.e. primarily in the North 

Eastern India. Thus ericulture from time immemorial has a close link with the culture 

and tradition of fte people of Nordi Eastern India involving nearly 1.20 lakh families 

with covo'age of 7793 hectare under food plantation area. The rearing of eri silkworm 

is a heritage and almost a prerogative for the tribals in Nortili Easton India, where die 

chrysalis is more important as deUcacy and silk cocoon is considered a bye-product. 

Hie culture is a village craft-the rearing, spinning and weaving activities are handed 

over from one generation to tiie other (Suryanarayana and Singh, 2005). 



Ericulture is in peril today and is confined to the Brahmaputra valley and in 

some tribal inhabited districts of Assam and its neighbounng states of M^halaya, 

Nagaland, Mizoram, Arunachal Pradesh and Manipur (Singh and Benchamin, 2001). 

Prospects of ericulture in North Eastern India will dq)^)d a lot on the ground realities 

of the prevailing aivironment and the institutions of researdi and development in the 

country as well as on the specific gains the culture will make out shifting to another 

mode of operation. 

The insect: 

Ericulture in North East India and the morphology of the insect itself have been 

well documented by Suryanarayanan and Singh (200S). Eri silkworm, Philosamia 

ricini is a polyphagous, multivoltine, non-mulberry domesticated silkworm vMch is 

reared indoor and feeds mainly on castor plant Ricinus communis (Castor) and otho: 

plants viz. Manihot esculanta (Topioca), Heteropanax fragram (Kesseru), Ailanthus 

excelsa (Barkessou), Evodia flaxinifolia (Payam) md Ailanthus grandis (Baipat). Eri 

silkworm is a holometabolous insect con^leting its life cycle by passing through four 

different stages viz. egg, larva, pupa and moth Philosamia ricini is a domesticated 

form, although originally it is wild but due to taming over a long period of time by 

human beings and due to artificial selection to rear eri silkworms as was done in North 

EastOTi states, it has deseeded to the present form The structure of goietalia, wing 

pattern and chromosome number demonstate that it was derived fi-om its closest wild 

ally Samia canning} (Hutton). The main distingtiishing feature of P. ricini is the 

diffusion of the abdominal wlute tu£&, sometimes resulting in individuals with a solid 

white abdomai The ground colour is usually gray or grayish brown, rarely reddish, 

but occasionally olive gray. The wing pattern is heavily marked by white in tfie 



antemedian and postmedian lines. The postmedian area is oft^ mudi daricoied, which 

is probably Ae easiest and quickest way to recognize this species. 

Philosamia ricini is diaracterized by its relative availability as an experimental 

tool, thus providing an excellent bioassay system in the silkworm brain hormone 

project (cf. Ishizaki et al, 1983; Ishizaki and Suzuki, 1990). This silkworm has also 

been studied for endocrinology (Saito and Fugo, 1990; Saito and Midcaiyama, 1990a, 

b; Kimura-Kawakami et al, 1992; Yagi et al., 1995) and haemolymph protein 

bioctemistry (Shimadae/fl/., 1992; Saito, 1998). 

The systematic position provided to eri silkworm is as follows: 

Super family 

Family 

Subfamily 

Tribe 

Genus 

Species 

Common name 

Bombycoidea, Latreill, 1802 

Satumiidae, Boisduval, <1837) 1834 

Satumiidae, Boisduval, (1837) 1834 

Attadni, Blanchard, 1840 

Philosamia, Hutton 

=Samia, Hubner, (1819) 1816 

ricini, Donovan, (1798) 

Eri silkworm 



Neuroendocrine control of insect development: 

Insects are characterized by an enormous diversity of morphological forms and 

living habits. This indirect form of development is manifested by the occurrence of 

immature larval stages, which in many insect groups live in a completely different 

environment and possess an entirely different form Aan those of the adulte. The 

indirect development requires precise regulation of developmental processes and their 

synchronization with the changing environmental conditions. The same precise 

regulation occurs during metamorphosis when the transformation of Ae larvae into the 

mature adult takes place. 

Hie regulation and syndironization of insect development is controlled by the 

neuroendocrine system. It record stimuli from the environmait such as photoperiod, 

temperature, humidity, availability of food, ete., and transform these impulses into 

diemical messengos or hormones which in tum cause fimctional and devdopmental 

changes among various effector organs accordii^ to genetically determined 

programme. The neurooidocrine system rqpresents a fimctional unit consisting of the 

nervous syston and the endocrine glands. The most important part of the syston are 

the neurosecretory cells located in the central itervous systan. They are responsible for 

transmission of neural messages to tfie endocrine ^ands or other tissues. Direct effects 

of these secretions on 'target' tissues have the charact^ of first order neurooidocrine 

functions since they stimulate secretion of hormones by other ^ocr ine glands sudi as 

corpora allata or protfaoradc glands. The hormones seaeted by ihese latter endocrine 

glands represoit neuroendocrine functions of the second oido*. 

Growtfi and developmental processes connected with pl^siological dianges in 

insect tissues are regidated by three hormones collectively referred to as 

developmaital or metamorphosis hormones. One of theme is a neurohormone rdeased 



by the neurosecretory system (Cells) while the second is rdeased by the corpora allata 

and tiie third by the prothoracic glands. The neurosecretory cells may occur 

individually or in small groups. 

A characteristic feature of the life cycle of insects is that all insects have «^gs 

\ ^ c h hatch at the ̂ propriate time after embryogaiesis is completed, which leads into 

&e emergence of larvae which also grow and molt in defmite numb^s, and then 

become pupae as in the case of holometabolous insects like the silkmoth, Philosamia 

ricini (Lepidoptmi). 

In insects, egg hatching, growth and metamorphosis (moulting, pupation and 

edosion) dq)end on ttie activity of a number of oidooine organs. The neurooKlocrine 

system of tiie insects control all the developmmts. It is Iswvm that a group of 

neurosecretory cells in the brain secrete a iK>rmone, protiioradcotropic hormone 

(PTTH) ^^ch induces the thoracic glands to produce anotho* hormone, ecdysone, and 

tills second hormone stimulates growtfi of the body throu^ yet oth^- links. The PTTH 

is a brain nwirosecretory peptide of insects th^ stimulates the protfioradc glands to 

secrete ecdysteroid, tiiereby inducing molting and metamorphosis (Bolloibadier and 

Granger, 1985; Ishizaki and Suzuki, 1994; Gilbert et ai, 1996; Hiruma, 2003). It is 

widely accqjted tiiat PTTH is released at specific times during insect development, 

signaling the transition of developmental stadia such as larval molting, larval-pupal 

transformation and adult development. Two families of hormones, tiie st^oid molting 

hormones, ecdysones and the sesquiterpene juv^iile hormones thus regulate 

devdopment in insects. The ecdysones initiate and coordinate synthetic programmes 

used to make a new exocuticle during molting (Truman and Riddiford, 1999) and 

probably hatching of the larvae firom tfie eggs (Hsiao and Hsiao, 1979). In contrast, the 

j uv^ l e hormones, are consid^ed "status quo" hormones that maintain the larval form 



and prevent metamorphosis and hatching, with regard to hatching, embryos from the 

basal groups response to juvenile hormone with a reduction on growth and the 

precocious onset of dififerentiation (Wyatt and Davey, 1996; Truman and Riddiford, 

1999). 

Juvenile honnone (JH) action: 

JH is released from the corpora allata as it is produced; it is not stored. The 

activity of the corpora allata is regulated by humoral factors sudi as allatotropin and 

allatostatin as well as by nervous connections. Its haemolymph titer, \^iuch varies 

through the course of development, is consequently a product of Ae rate of synthesis 

and the rate at which it is degraded or excreted. Estimates of its half life in various 

insects are usually less than two hours so that sustained high titers must reflect high 

rates of synthesis as in cockroach (Tobe and Stay, 1985). Peptides like octopamine 

diance JH synthesis in Locusta and Apis, but inhibit in aduh Diploptera (Kaatz et al, 

1994). JH also has a feedback effect on its own production in the haemolymph where 

low titer enhances synthesis and high titer inhibits it. The inhibitory effects are 

produced via allatostatins (Stay et al., 1994). Juvenile hormone (JH) plays important 

role in insect development and reproduction and its effect in immature insects is to 

modify the responses to ecdysteriod; it has IK) effect on its own In adult insects, 

however, v îiere JH affects sexual maturation and behavior, it acts independently of 

ecdysteriods. In molting and metamorphosis, it determines moh characteristics: 

ecdysteroid pulses in tiie presence of JH trigger larval-larval molts but, in its absence, 

cause larval-pupal, then pupal-adult metamorphosis (Riddiford, 1985). In addition to 

having multiple fimctions in blocking adult differentiation, retaining larval structures 

and regulating ovarian maturation, JH is a key player for phase polymorphism in 

armyworms, aphids and locusts and for caste dififerentiation in termites and ants. JH in 



the haemolymph usually binds to the haemolymph JH-binding protein, so that it is 

protected from metabolism by the general esterases (Riddiford, 1994; Hiruma, 2003). 

JH may function as a primer or as a r^ulator of the target tissue. As a primer, it acts 

directly on the nucleus so that the cell becomes responsive to a subsequent regulatory 

signal, which may be JH itself or another hormone. As a regulator, JH may act via 

membrane receptors to activate existing enzymes via a second mess^ger cascade, or it 

may act at the nucleus to promote protein syndesis as in Rhodmus (Sevala and Davey, 

1989). 

In many insects the application of JH or JHAs during larval developmait 

disturbs the endocrine balance and, consequently, induces abnormal development 

(Retnakaran et al, 1985). Induction of extra mohing and prolongation of the last larval 

instar are the most noticeable effects of JHA treatment (Cymborowski and Stolarz, 

1979; Mizoguchi, 2001; Kamimuraand Kiuchi, 2002). Many workers have studied tiie 

effects of JH and JHAs in larval molting and metamorphosis in insects. Kamimura and 

Kiuchi (2002) applied JHA, fenoxycarb topically to the starved silkworm Bombyx 

mori at beginning of the 3"̂  or 4*'' (paiultimate) instar and found that fenoxycarb 

triggers the extra molt by inducing an additional larval molt (6* instar) of ecdysteroid 

surge before the last larval instar. Gu et al. (1997) shows the involvemait of JH in 

regulation of PTTH transduction during the early last instar larva of Bombyx mori. 

Induction of prefect super larvae by the application of JHA to young larvae of the 

silkworm, Bombyx mori was also reported by Kamimuara (1995). Sakurai et al. (1989) 

showed that JH inhibits ecdysone secretion and responsiveness to PTTH in prothoracic 

glands of Bombyx mori. 

Ecdysteriod action: 



The action of ecdysteriods at cellular and molecular level has been well studied 

(O' Connor, 1985; Riddiford, 1985) however, much of the initial knowledge of the 

mechanism of action of the hormone came from studies on the effects of these 

hormones on ttanscriptional control in polytene chromosomes otChironomus tentans 

(Clever and Karlson, 1960) and Drosophtla melanogaster (Ashbumer and Beraides, 

1978). These studies proo^ted the theory that steroid hormones act directly on genes 

and ecdysteriod-r^iulated gene expression in insects has beai reviewed by Lepesant 

and Richards (1989). Thus, tire modem version of ecdysteriod action is that the 

hormone enters the cell and goes to the nucleus v îiere it combines with the ecdysone 

receptor (Koelle et al, 1991)and directs the transcription of the early genes, most of 

which Kicode transcription factors (King-Jones and Thummel, 2005). These factors in 

turn induce a secondary response by repressing some of the early genes and activating 

the ejq)ression of tissue-specific genes and therein causes initiation and coordination 

of molting processes. 

Many physiological events in insect are elicited by critical titer of ecdysteriods 

that include the principal molting hormone, 20-hydroxyecdysone (20-HE) and 

ecdysone (E), v̂ Wch is the precursor of 20-HE but also has a morphogenetic roles of 

its owa These events are usually coordinately modulated by JR The rate of synthesis 

of ecdysteriods is critical for molting and metamorphosis in insect. Haemolymph level 

of ecdysteriods largely resulted from the balance between upstream stimulation of 

ecdysteriod synthesis by the brain neuropqjtide PTTH and feedback inhibition of 

ecdysteriod synthesis by ecdysteriods thraaselves (Gilbert et al, 2000,2002). 

Ecdysone is not stored in the prothoracic glands and its ^pearance in the 

haemolymph reflects its inunediate synthesis. Synthesis is often under dual control. It 

is triggered by the PTTH but the effects are modulated, at least in some insects, by an 



inhibitory hormone and by direct neural regulation vs*ich may be either stimulatory or 

inhibitory (Koolman, 1995). In larval Manduca, ecdysteriods and JH bodi aiffect the 

production of ecdysone, but their effects vary (Smith, 1995). During feeding period of 

the larva, JH inhibits ecdysone synthesis. Subsequently, the ecdystoiods produced by 

the POs have a positive feedback effect which is aihanced when JH is also present. 

Finally, however, when the glands are h i ^ y active, tiie ecdysteriods have a negative 

feedback and contribute to the subsequent r^id decline in haemolymph titer (Sakurai 

and Williams, 1989). In Drosophila, (Riddiford, 1993) demonstrated that the 

ecdysteroid (20-HE) titer inaeases before each larval molt and is required for 

triggering these development transitions. At the end of the third larval instar, a high 

titer peak of ecdysteroid triggers puparium formation and the onset of metamorphosis. 

Several pulses of ecdysteroids during metamorphosis are responsible for furttier 

diffo'entiation of these adult structures. The ecdysteroids titer declines at the end of 

pupal development and is relatively low \̂ î en the adult fly emerges from Ae pupal 

case. 

Cyclic AMP action: 

Adenosine 3', 5' monophospate (cAMP) pli^s a central role in mediating the 

action of a wide range of hormones (Robinson et al, 1968). The importance of cAMP 

in hormone action was first recognized by Sutherland and Rail (1958) who showed 

tfiat it played an essential role in the hyperglycemic actions of glucagons and 

epinephrine on the liver. Since thai this compound has beai implicated in cellular 

control mechanisms in a wide range of organisms from bacteria to mammals. The level 

of cAMP is r^;ulated by altering the activity of adenyl cyclase, which represents the 

site of action of most hormones as well as certain neurotransmitters (Robinson, et al, 

1968). Nijhout, (1994) also suggested that in experimental endocrinology it is often 



possible to mimic the action of a hormone on a particular targ« tissue by exposing that 

tissue to elevated concentrations of exogenous cAMP, by simple injection of cAMP or 

a more stable analog such as dibutyryl cAMP. This con^}ound acts as an analogous to 

hormone in certain case of physiological experiments. Many hormones were shown to 

inaease intracellular levels of cAMP in their ^propriate targets. The mimicking 

property of cAMP is due to the presence of adenylate cyclase, ttie enzyme responsible 

for cAMP synthesis, vMch is located in the plasma membrane and is highly dependant 

on manbrane structure for its activity. Hormone-soisitive adenylate cyclase is 

composed of at least three separable protein components, i.e., a hormone receptor (R), 

a guanine nucleotide regulatory protein (s) (N), and a catalytic subunit (C) responsible 

for production of cAMP from intercellular ATP. 

The very high concentrations of cAMP required to activate secretion when 

applied exogenously may be determined by several factors. Firstly, cell membranes 

may be relatively impermeable to these large nucleotides and ^ cell must be flooded 

with a v«y high concmtration to enable enou^ cAMP to enter die cell to raise die 

intracellular level sufificiaitly to activate the secretioa Secondly, since 

phosphodiesterase is continually hydrolyzing cAMP, sufficiait cAMP must enter to 

the cell to counteract the degradative process before stimulation of the effector system 

is apparent. Thirdly, the natural hormone may induce an increase in other 

intermediates such as calcium so that high» concentrations of cAMP are required to 

overcome the lack of these other intermediates (Treheme et al, 1972; Sevala et al, 

1989). 

Adaiylate cyclase from fat body of silkworms has been described in some 

detail mH. cecropia (Filbum, and Wyatt, 1976) andB. mori (Morishima, 1974,1980a, 

b, 1981). The role of cyclic nucleotides as a second messenger in mediating cellular 
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response to hormones and neurotransmitters has beai studied in lq)idoptCTan insects 

such as H. cecropia and Damus plexipus (Wiens, and Gilbert, 1967; Bhakthan, and 

Gilbert, 1968; Chang, 1974; Fain, 1982) and B. mori (Vanderberg, and Mills, 1974; 

Yanagawa, and Horie, 1978). Cyclic nucleotides also elicit eclosion behavior in H. 

cecropia (Truman, et al, 1976) and Antheraea polypherms (Truman and Schwartz, 

1980). cAMP have also been found to play key roles in the regulation of fluid and ion 

secretion in many insects such as the fluid secretion by malphighian tubules in Pieris 

brassicae (Nicolson, 1976). Adenylate cyclase activation of both onset and termination 

of pupal diapause have been implicated in satumiid moths (H. cecropia saAA. pemyi) 

by Rasenick, and Berry, (1981). The membrane potential of Galleria mellonella 

prodioradc glands can also be eUcited by cAMP (Gersch, and Birkrabeil, 1980) and 

ecdysone secretion stimulation by prothoracic gland in Manduca sexta (Vedeckis et 

al., 1974,1976). 

cAMP has been reported to play a role in some steroid-mediated events such as 

activity of pupal wing epid^mis of Hyalophora gloveri (Appld}aum and Gilbert, 

1972) and premature formation of cellular autophage vacuoles inMamestra brassicae 

(Sass et al, 1983). Truman et al. (1976) observed ftat Ae injection of cAMP in the 

central nervous system of silkmoths causes hormonal release of programmed bdiavior. 

Later on Smith and Pasquarello (1989) showed that the exact roles of calcium ions and 

cAMP in stimulating ecdysteroid synthesis j^pear to differ in diffoent developmaital 

stages, and these control mechanisms are still under active investigation. The 

involvemmt of cyclic AMP as a potaitial second messenga* in the neurohormonal 

control of ovarian steroidogenesis was also investigated in the adult female blowfly 

Phormia regina (Maniere and Vanhems et al., 2000). 
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The modes of action of insect hormones in relation to activation of second 

messenger nucleotides have b e ^ reviewed by Smith (1995), Morton and Simpson 

(1995), Smith and Sedhneier (1990) and Spring (1990). 
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CHAPTER - 1 

Effect of Juvenile hormone-Ill, 20-

Hydroxyecdysone and Adenosine 

3', 5' monophospote (cAMP) on 

Egg hatching. 



Chapter-1 

INTRODUCTION 

Juvenile hormone and 20-hy(iroxyecdysone has been reported to fimction even 

before ihe embryo's own endocrine system become functional. Rees (1995) illustrated 

that during oogaiesis, 2-deoxyecdysone and ecdysone conjugates are put into the egg 

presumably to be used in development before tiie embryo's own endocrine system 

becomes functional. In the same way. Juvenile hormone is present in the newly laid 

egg as a resuh of its gonadotropic role during oogenesis, but then is metabolized by 

specific esterases as embryonic development begins (Roe et a.l, 1987; 1990; Temin et 

al, 1986). Consequoitly, JH is absent in midembiyogenesis, when the embryo is 

undergoing most of its morphogenesis and growth. It then re^pears prior to the 

beginning of the nymphal molt (Temin et al, 1986) and in association with the final 

histodiffwentiation of the onbryomc tissues. The delay in the ^pearance of JH until 

just phor to the nymphal molt is also seoi in the cockroadi Nauphoeta (Imboden et. 

al., 1978.) and the bug Oncopeltus fasctatus (Dora, 1983). 

Effect of Juvenile Hormones (JH) and Juvenile hormone analogs (JHAs) on egg 

development: 

Ever since the first crude extract of Juvenile hormone from the giant silk worm, 

Hyalophora cecropia was prepared (Williams, 1956), certain other substances with 

JH-like propaties or JHAs (juvenile hormone analogs) viz. famesenic acid derivatives 

(WiUiams, 1967) and Juvabione or p^er factor (Bowers, et. al, 1966) and others were 

identified. The ddeterious effect of JH and JHAs on the embryonic development 

inside the egg has been a subject of study by differoit worico" around the world in 

insects sudi as Pyrrhocoris aptenis (Slama and Williams, 1966; Riddiford, 1972), 

Hyalophora cecropia and Antheria pemyi (Riddiford and Wilhams, 1967). While the 

m^ority of appUed entomologists, repeating these studies in different insects with 

diflFffl-ent compounds felt contented to observe thdr dd^edous efiFect on hatching as 

such, a few felt interested in studying their effect in some detail on the devdopmaital 
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phQiomenoa Credit doubtlessly, goes to Riddiford (1972) and her collaborators for 

the pioneering observation that juvenoids affect insect embryogoiesis by causing 

devdopmaital arrest. The used of juvaioids in treating eggs for developmental arrest 

of embryo has been performed successfully in Schistocerca gregaria (Novak, 1969), 

Thermobia domestica (Rohdendorf and Sehnal, 1973), etc. 

While these interesting studies have convincingly demonstrated tiiat juvaioid 

^plication to eggs causes a biological effect, as distinct from toxic effect, \^iiich 

manifests itself in the form of arrest of embryonic developm^t. T h ^ have opened up 

several questions of far reaching importance. Firstly, wtoch are the stages in insect 

embryogenesis wlien development arrest m ^ take place-only blastokinesis and fte 

terminal stages of embryo-larva transformation, or otfier stages as well? Secondly, is 

there some relationship betwe^ the stage of juveniod treamient and the stage when 

development is disrupted? Thirdly, a simple question which has largely been ignored -

whether the amount of the hormonally active compound appUed has any relevance in 

relation to the stage of developmental arrest, or generally speaking the nature of 

effect? Fourthly, if certain stages are more responsive to juvenoid treatmait, why? 

Indeed thae are a number of questions, >\iuch easily arise in Has wake of tiie aforesaid 

stwlies. 

Recently many workers had tested JHA, fenoxycarb as an effective insecticides 

in different stages of development in insects viz. Chrysoperla camea (Celli et al, 

1997), tortridd species (Charmillot et al., 1985), Micromus tasmaniae and 

Chrysoperia carnea (Rampfet al, 1997; 1998) and Chrysoperla rufllabris (Liu and 

Chen, 2001). The potential role of juvaiile hormcme as target of pest managemant has 

been reviewed by Chieka and Riddiford (2006). 
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The present study will attempt to determine the deletwious effect of JH-III of 

certain stages of the eggs of P. ricini and establish a relationship with the doses given 

in line with die previous study. 

Role of ecdysteriods in insect devdopment: 

The devdopmait of an in vitro assay for vitellogenin synthesis (Pan et al, 

1969) led to the discovery that the ovary produced ecdysone (Fallon et al, 1974; 

Schlaegar et al 1974; Hagedom et al, 1975; HofBnan et al, 1980). Horn (1971) 

speculated that die ecdysone in adult female might p l ^ a role in ovarian development. 

In fact, ecdystaiods were discovered in adult females in some of the earliest work on 

die extraction of this hormone from insects. Adult female B. mori modis were found to 

contain large amount of ecdystwiod (Karlson, and Stamm-Menendez, 1956). Furtiio* 

work by Shaaya and Karlson, (1%5) extended diese findings by showing that two 

peaks of ecdysteriod activity occurred during the pupal stage and that young female 

moths contained four times more ecdystmods than males. Hanaoka and Ohnishi 

(1974) showed the second peak was found only in female pupae and was abolished by 

ovariectonry. Lagueux et al (1977) found that in Locusta migratoria ecdysones exist 

only towards the end of ^ g development, just before oviposition. Another striking fact 

is diat most of the ecdysteroids preset in some adult insects are found in the ovaries. 

In l^idoptaan insects ecdysteriods are found in pharate adult female, ovary and eggs 

ofGalleria mellonella (Hsiao and Hsiao, 1977; BoUaibacher etal 1978), mManduca 

sexta in young embryo (K^lanis et al 1973), and in B. mori in adults, pharate adult, 

embryos and eggs (Shaaya and Karlson, 1965; Hanaoka, and Ohnishi, 1974; Ohnishi, 

etal, 1977; Mizuno and Ohnishi, 1975). There are marked quantities and qualitative 

differences in the free ecdysteroids found in insect oocytes. Free ecdysone and 20-

hydroxyecdysone have been found in lepidopteran insects and tiiose mostiy found in 
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ovaries and eggs are conjugated to more polar molecules (Hofiftnan et al, 1980). Thus 

in eggs and embryos the conjugated ecdysteroids may play a physiological role and 

represait both a storage form for active hormone or its precursors, as well as its 

inactivation products. 

Regarding the sites of ecdysteroid synthesis, there are experimental evidences 

that the ovary itself is the source and that its accumulation in the oocytes has been 

obtained for several insects in lepidopteran pharate adult of B. mori (Hanaoka and 

Ohnishi, 1974) and in adult female of Galleria mellonella (Bollaibacher et al., 1978). 

The history of the suggestion that the large amounts of ecdysteroids found in 

eggs and embryos might be related to the r^ulation of embryonic molts is int^esting 

(Hoffinan and Lagueux, 1985). Jones (1956) speculated that the hormonal control of 

embryonic and larval molts was homologous and concluded diat the embryonic 

aidocrine centers had an efifect on molting and this led to the first evidence tfiat that 

ecdysteroids are present in the eggs and they had a role in embryogenesis (Boohar, and 

Bucklin, 1963). The relative roles of maternal and embryonic ecdystwoids are not 

clear. It is possible that the maternal ecdysteroids are sufficient to regulate all of tiie 

embryonic molts, but it is also possible that the embryonic endocrine glands are 

functional during later development (Lagueux etai, 1981). 

The function of the ovarian ecdysteroids is the regulation of embryonic molting 

(Hoffinan et al., 1980) and in a preliminary e}q)eriment, injected 20-hydroxyecdysone 

(Sfig) stimulated fte appearance of the vitellogenin message and the most detailed 

evidmce for tfie involvement of ecdysteroids in adults comes from the work on 

vitellogoiin synthesis in diptera (Kunkel and Nordin, 1985). 

Ecdysteroids has two sources, Uie prothoracic glands and ovaries. Presumably 

both hormones in the larva and adult are advantageous for controlling complex 
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processes such as molting and reproduction which leads to increase fecundity. The 

importance of the two sources of ecdysteroids, porhaps, it is because the ovaries were 

Ae original source of ecdysteroids and at one time oiough ecdysteroid was stored in 

the oocyte to fill the needs of both the embryonic and larval forms. The protiioracic 

glands mig^t then be seen as a later developmoit to fill the increasing demand for 

accurate control of ecdysteroid titres by the larval insect. Exogenous injection of 20-

HE had also been demonstrated to mediate the release of hormone responsible for 

ovulation in Rhodnius prolixus (Ru^g et al, 1982). 

EcdystCToids cannot be further viewed as a centrally produced insect hormone, 

ftey are true homeostatic factors produced by various peripheral tissues for mutual 

synchronization of tissue growth with some important developmratal events such as 

ecdysis, oviposition, and hatching firom the egg. Previous works done in Galleria 

mellonella revealed that, ecdysones may probably initiate hatching of eggs since the 

ecdysteriods found only in the ovary are reported to subsequently incorporated into fte 

eggs (Hsiao and Hsiao, 1979) and that the follicle cdls are the sites of synthesis, was 

demonstrated in B. mori (Legay et ai, 1976) and L migratoria (Lagueux et al, 1977). 

That high titCT peak of ecdysteroids (20E) triggers hatching was dranonstrated in 

Schistocerca gregaria and the ecdysteroid titer then declines when the l" larva 

hatched (Riddiford, 1993). In accord with its postembryonic function, peaks of 

ecdysteroids are also seen during the embryonic moults (Lagueux et al, 1979). Later, 

the involvanent of ecdysteroids in embryonic development was reported in Locusta 

migratoria also (Truman and Riddiford, 1999; 2002). 

The present study will thus examine the dose-dependant effect and feasibility 

of 20-hydroxyecdysone whether they promote hatching or not on treating at different 

stages of the eggs of Fhilosamia ricini. 
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Cyclic AMP as a second messenger: 

Cyclic AMP as already stated has been used extensively in insect's 

endocrinological experiments for its effect and its role as a mimicking property. cAMP 

plays a central role in mediating the action of a wide range of hormones (Robinson et al., 

1968). This compound acts as an analogous to hormone in certain case of physiological 

experiments (Bhakthan and Gilbert, 1968; Chang, 1974; Truman et al., 1976; Vedeckis et 

al., 1976; Filbum and Wyatt, 1976; Yanagawa and Horie, 1978; Morishima, 1974, 1980a, 

b, 1981; Truman, and Schwartz, 1980; Gersch, and Birkenbeil, 1980; Rasenick, and Berry, 

1981; Fain, 1982; Nijhout, 1994). Many hormones were shown to increase intracellular 

levels of cAMP in their appropriate targets. Juvenile and ecdysone are two insect 

hormones and it has been suggested that cAMP may be involved with the action of 

ecdysterone (Leenders et al., 1970). 

These observations have distinct evidences that cAMP has been a subject of study 

in different insects around the world. However, information on the effect of c-AMP on 

egg hatching has not been reported so far. Thus in the present study cAMP will be used to 

observe its mimicking property to any of the neuroendocrine hormones (JH-III and 20-

hydroxyecdysone) and whether exogenous application on the eggs of Philosamia ricini 

promote hatching or not. 
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MATERULS AND METHODS 

1. Selection of eggs for treatment: 

Philosamia ricini used in these experiments wwe received from. Sericulture 

DepartniKit, Nongpoh, Govt of M^halaya Larvae were reared in a rearing cage 

indoor and supplied with diet of Castor leaves, Ricinus communis. They were reared at 

25° C ±0.5 under 16L: 80 photoperiod regiment as described by Bell and Joachim 

(1976). 

In the laboratory, eggs are laid by the motfis in clusters, glued together in rows 

projecting from the substrate or kharika (small bundles of thatched or splited bamboo, 

about 30 cm long with a hook). In our condition the number of eggs laid per female 

ranged from 200-250 (mean 225, but sometimes 400 to 450 eggs). Six stages of tfie 

eggs after each incubation (2- hrs, 6- hrs, 9-hrs, 12-hrs, 24- hrs and 36- hrs) were 

chosen for treatment with the above hormones at diflferent concentrations. 

2. Topical application: 

The 20-hydroxyecdysone (Sigma Chemical Ltd., USA) hormone was dissolved 

in 10% methanol and die hormone concentration was adjusted to l^g, 0.5^g and 

0.25^g. In case of synthetic Juvenile hormone-III (sigma Chemical Ltd., USA) and 

Cyclic AMP (sigma Chemical Ltd., USA) the solvent was 10% acetone and Ringer's 

solution (ph 7). The concentration was adjusted in the same way as that of 20-

hydroxyecdysone. The differmt stages of the eggs diosen were topically ^plied with 

the three concentrations of each hormone by means of a glass cqiillary on the chorion 

surface of each egg. The control eggs were topically applied with 10% methanol, 10% 

acetone and Ringer solution (pH 7) respectively. 
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3. Dipping Experimoits: 

In case of dipping experiments freshly laid eggs were dipped in various 

hormone concoitrations as above in a batch of 100-120 for 2-3 minutes. 

After every treatment the treated eggs were immediately transferred into a 

culture room for incubation where the temperature is kept constant at 25**C and RH at 

70-90%. The eggs were observed daily for hatching in the moming (8-lOAM) and in 

the evening (4-6PM). The numbers of eggs hatched were then counted and scored 

against the unhatched eggs. 
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RESULTS 

A. Effect of Juvenile hormone -III: 

Treatment of the eggs with all the three concentrations (1 |ig, 0.5 ng and 0.25 

Hg) was found to have deleterious effect on egg hatching irrespective of stages of the 

eggs. The deleterious effect of JH-III application was found to be maximum in the 2 

hrs old eggs whereas least in the 36 hrs old eggs. The percentage of unhatched eggs 

after JH-III apphcation was in a decreasing order as the eggs get matured. For dose 1 

|ig the unhatched percentages of eggs were 96.8311.70, 93.3210.94, 85.9910.98, 

84.1310.84, 40.1710.98 and 25.1611.17 for 2hrs, 6hrs, 9hrs, 12hrs, 24hrs and 36 hrs 

old eggs respectively. For dose 0.5 |ig the unhatched percentages of eggs were 

95.9912.22,89.3310.81,80.9910.69,72.1110.95,37.7511.17 and 17.0610.86 for2hrs, 

6hrs, 9hrs, 12hrs, 24hrs and 36 hrs old eggs respectively. For dose 0.25 |Ag the 

unhatched percentages of eggs were 96.4911.28, 85.9910.98, 75.49tl.l6,67.4010.71, 

30.6811.17 and 12.9211.33 for 2hrs, 6hrs, 9hrs, 12hrs, 24hrs and 36 hrs old eggs 

respectively. Among the doses given the most deleterious was that of 1 ^g followed by 

0.5 ng and 0.25 |xg. As the eggs get matured the effectiveness of JH-III ^plications 

irrespective of doses was found to deteriorate. In all the experiments the percentage 

unhatched eggs in controls were lower than that of JH-III appHed eggs (Table 1). 

It can be observed that the control bar was lowest during all the stages of 

treatment which indicates that all the three concaitrations of JH-III was effective 

enough in preventing hatching especially in younger eggs of 2 hrs, 6hrs, 9 hrs and 12 

hrs old. JH-III treatment in older eggs of 24 hrs and 36 hrs are however less severe 

(Fig. 2 and Fig. 5). 
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B. Effect of 20-Hydroxyecdysone: 

In all the stages of the eggs it was found that the percentages of unhatched eggs 

were lower than that of controls irrespective of doses given (Table 1). The trend of 

unhatched percent was in a decreasing order from the 2hrs stage upto the 12 hrs eggs 

stage. In 20-hydroxyecdysone apphed eggs the older fte eggs the higher is the 

percentage of hatching. The least unhatched eggs occurred in the 36 hrs old stage 

(1.03± 1.03 %) with 1 ^g dose whereas in the 2 hrs old eggs in the same dose the 

unhatched eggs was 38.33±1.23 % which was also the highest. Unhatched eggs for all 

the stages varies from 1.03+1.03 to 38.33±1.23 for 1 ng, 1.54±0.98 to 35.1611.81 for 

0.5 \ig and 2.5811.49 to 14.3310.% for 0.25 [ig of 20-hydroxyecdysone. In control 

unhatched eggs for all stages varies from 7.4010.86 to 41.9912.22. 

The bars representing the treatment of 20-HE against unhatched eggs followed 

a uniform slope with control being the highest followed by 1 jig, 0.5 jxg and 0.25 ng at 

least upto the 12-hrs old eggs and then in the 24hrs and the 36 hrs stages of the eggs, 

the bar representing 0.25 pg treatment was higher than that of 0.5 ng or 1 (xg 

treatments respectively. It can be obser\'ed that as the egg matures the slope become 

lower showing that hormone treatment was less effective in older developing eggs. 

(Fig. 3 and Fig. 5). 

C. Effect of cAMP: 

The percentage of unhatched eggs after application of three concentrations of 

cAMP was also seen to enhance hatching, with 0.25 ^g being the most effective upto 

the 12 hrs stages which resulted in lowest percent of unhatched eggs. In the same way 

unhatched eggs was found to decrease as the eggs get matured after treatment of the 

three concentrations. In 2 hrs old stage, the higher the dose (1 ng), the higher also is 

the percentage of unhatched eggs (40.3311.40 %), whereas the lower the dose (0.25 
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îg) of cAMP the lower the percentage of unhatched eggs (25.3310.71). These trends 

continue for the younger eggs throu^ 6 hrs, 9 hrs and upto tiie 12hrs stages. 

IntOTestingJy, in the last two stages (24hrs and 36hrs) 1 ng was found to be more 

effective in bringing about lower unhatched eggs than that of 0.25 |ig treated eggs. 

Wherein, in the former the percentage of unhatched eggs was 3.44±0.84, the later 

gives 13.1±0.62 % for the 24 hrs stage. In the same way, in the 36 hrs stage, the 

percaitage of unhatched eggs treated with 1 jug was 1.2010.81, with 0.5 fig it was 

3.4410.84 and with 0.25 [agthe percentage of unhatched eggs was 11.5410.65 %. The 

control expaiment for all the stages always gives higher percaitages of unhatched 

eggs than any of the three concentrations of cAMP treated e^s. 

The bars representing cAMP treatment are more or less similar to that of 20-

HE, except that they are a bit higher especially in older stages of the eggs. This 

indicates that cAMP treatmait bring about much higher percaitage of hatching and 

may also promote late onbryonic development (Fig. 4 and Fig. 5) 

D. Cumulative effect of JH-IOU 20-HE and cAMP on egg hatching. 

From the data (Table 2), it can be seen that the effect of all the treatment are 

significantly different from each otiier at all stages of the treatments. However the 

significant level between 20-HE and cAMP treatments are much closer and ahnost 

similar than that of JH-III treated. The cumulative effect of JH-III, 20-HE and cAMP 

in all stages of treatmaits follows a similar tr&ad in which the younger eggs (2-12 hrs) 

are more prone to deleterious effect of the treatmaits than the older eggs (24-36 hrs). 

Analysis of data shows that JH-III treatment resulted in high percoitage of unhatched 

eggs (81.183 in 2 hrs, 74.993 in 6 hrs, 67.12 in 9 hrs, 62.030 in 12 hrs, 32.453 in 24 hrs 

and 17.237in 36 hrs). In 20-HE treated eggs although the unhatched was more in 2 hrs 

(32.454 %) and 6 hrs stages (24.445 %), it falls abruptly to 12.413 % in 9 hrs to 9.001 
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% in 12 hrs then to 3.768 % in 24 hrs and finally to 3.143 % in 36 hrs. While 

cAMP treated ê igs also showed high percentage of unhatched eggs in 2 hrs (35.288 

%), 6 hrs (29.411 %) and 9 hrs (18.950 %), the unhatched eggs were much lower in 12 

hrs (13.609 %), 24 hrs (9.367 %) and 36 hrs (6.245 %) old eggs. 

Table. 3 represent the effect of concentrations of all the treatments in all stages 

of ^gs. JH-III at l^g showed the maximum percent of unhatched eggs at 70.93±S.79 

followed far behind by cAMP (18.60±2.97) and 20-HE (14.74±2.84). Similarly, at 0.5 

\ig and 0.25 ng JH-III (65.54±5.97 and 61.50i6.24) showed highest percent of 

unhatched eggs followed again by cAMP (15.80*2 and 16.34±1.27) and 20-HE 

(11.61±2.66and8.47±1.36). 
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DISCUSSION 

Slama and Williams (1966) and Enslee and Riddiford (1977) observed the 

deleterious effect of juvenoid ^plications on the eggs of Pyrrhocoris apterus, 

Riddiford (1972) in Hyalophora cecropia, Riddiford and Williams (1967) in Antheria 

pernyi, Novak (1969) in the locust Schistocerca gregaria, Rohdaidorf and Sdrnal 

(1973) in Themwbia domestica. In our study we also found the deleterious eflfect of 

JuvCTiile honnone-ni application on the eggs of Philosamia ricini. The effectiveness 

was more on tiie younger eggs. As the eggs get matured the effectiveness of Juvenile 

hormone-m ^plication d^riorated but the deleterious effect did not stop. 

Comparatively, among the three treated doses taken for JH-m treatments, 1 ^g was 

foimd to be tiie most effective followed by 0.5 \x% and 0.25 \i% in which the unhatched 

eggs after treatments were 70.93+5.79 %, 65.54±5.97 % and 61.50±6.24 % 

respectively for all the stages of eggs (Table 3). 

Our results indicated diat application of JH-III to eggs resulted in decreased 

survival rates and prolonged developmoit times whoi treated at diffa-ent stages and at 

different concmtrations. JH-III showed significant ovicidal eflfect on P. ricini eggs, 

with very low survival rates, dq)aiding on the stages treated and the concentrations 

used. Generally, the higher concentrations exhibited greater effects on the egg stages 

treated. Similar effect has beai rq)orted on C. camea by Celli et al. (1997) and 

Chrysoperla nifilabris eggs by Liu and Chen (2001). JHA (fenoxycarb) also shows 

ovicidal effects on some insects (including Chrysoperla). Charmillot et al. (1985) 

observed tfiat fenoxycarb showed more severe effects on the eggs laid singly than 

those laid in egg masses. 

Novak (1%9) and other workers working in different insects reported that as a 

result of sudi treatm^t, developmait may cease at any stage of embryogenesis from 
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cleavage of the zygote to the fully formed embryos or developmental arrest may first 

take place at tfie blastoderm stage or it may be blocked at any otho" "functionally 

demanding phase" like invagination of the germ band or blastokinesis. In contrary, our 

studies finds ftat younger treated eggs are more susceptible to hormones applied, 

whether it is ddeterious or it stimulate hatching. In Philosamia ricini we believed that 

the "functiomdiy demanding phase" which is the most sensitive stage during 

embryogenesis must probably be the stages from 2-12 hours. These stages showed 

maximum unhatched eggs in term of percentages for all the three treatments (Tablel). 

Also of interest are the fmdings that larvae, which hatch out, were not able to 

feed and mature normally and they soon die pranaturely. Ridifford and Williams 

(1967) obsCTved in the eggs of the moths Hyalophora cecropia and Antheria pemyi 

that as a result JH treatment, embryonic development had stopped. They also observed 

that in those cases in which hatching did occur, the larvae oftoi suffered v^tii some 

abnormalities and furttier, apparently normal larvae may die during ttieir 

postembryonic life, or tfieir metamorphosis may be disrupted. In a further detailed 

study in Pyrrhocoris apterus, Riddiford (1972) concluded that once an egg has be«i 

fertilized, treatment with a juv^oid will not arrest its development xmtil blastokinesis 

and occasionally the development of tiie nervous system is adversely affected in as 

much as the consolidation of the thoracic and abdominal ganglia does not take place. 

We observed tfiat tfiese abnormalities of the larvae occurred especially to tfiose that 

hatched from youngw eggs and even if the larvae seems to develop normally tiiey may 

die at some point of time during tfie larval instars, pupal development or during 

emergence (Fig. 6). We observed that some larvae tiiat survived had difficulty 

spinning cocoons. Some did not have silk to make the cocoon, whereas others 

produced isolated silk threads, but covld not make a comip\&te cocoon. Some larvae 
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managed to pupate even in an incomplete cocooa All those that did not make cocoons 

or did not have a complete cocoon died at the pupal stage or as pharate adults. Enslee 

and Riddiford (1977) ascribed the disruption of developmait to the abnormal breakage 

of the embryonic mranbranes and also observed that JHA treatment may affect dorsal 

closure, consolidation of the ganglia and the extension of the ^paidages during the 

embryo-larva transitioa 

In Farias fabia, a lepidopteran insect, Srivastava (1983) reported that, 'larger 

doses bring about development arrest of embryos much earlier than smaller doses', and 

indeed a relationship can be established betweai the quantity of the juvenoid applied 

and tiie rate of its inhibitory effect on development. As was in the case of JH-III 

treated eggs, 1 j4g of both 20-hydroxecdysone and cAMP produced the same results in 

which the higher the dose, ^ high«- are the percentage of unhatched eggs but this 

effect is pronounced only in younger stages of eggs (Table 3). 

Althou^ data obtained from the present study have been sufficient to decide 

upon the use of JH as insecticide in IPM semi-field and field studies are still needed. 

More research on the effects of JH on other insects under dififer^t agroecosystems is 

also needed to elucidate how to use IGRs in IPM programs. Further, base on tiie 

presait study it is apparent that effectiveness of JH largely depend on the timing and 

stages of applications. 

Contrary to die observations made for JH-III treated eggs, 20-hydroxyecdysone 

and cAMP treated ones produced much more hatching percmtages. It can be suggested 

that 20-HE promote hatching at least if treated to older eggs since the percentage of 

hatching is quite high con^ared to the younger eggs. In this respect it will be 

important to note that Hsiao and Hsiao (1979) rqwrted tiiat ecdysones mi^ t probably 

initiate hatching of the larvae from Ae eggs and the fact that ecdysteriods are found in 
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many different forms in l^idopt^an insects. Riddiford (1993) demonstrated that high 

titer peak of ecdysteroids (20E) triggers hatching, hi our observation, cAMP more or 

less mimicked the property exhibited by 20-hydroxyecdysone, since tiie unhatched 

eggs produced as well as the pattern of effectiveness throughout the stages by botii die 

treatments are almost id^itical (Table 2 and 3). In expoimental endocrinology it is 

oftoi possible to mimic the action of a hormone on a particular target tissue by 

exposing that tissue to elevated concaitrations of exogenous cAMP, by simple 

injection of cAMP or a more stable analog such as dibutyryl cAMP (Nijhout, 1994). 
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Fig 6. JH induced defective adult development. 
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Chapter-2 

INTRODUCTION 

1. Structure of chorion monbrane 

For studying the involvement of endocrine fectors (hormones) in insect's egg 

developmait, the knowledge of the chorion morphology is of prime importance. Insect 

eggs are typically large relative to the size of the females that produce them because 

ihey contain a great deal of yolk. It is generally believed that the eggs of aidopterygota 

contain less yolk and are smaller tiian those of exopterygota (Anderson, 1972). To 

some ertent the size may depend on the types of ovariole t h ^ possess. However, egg 

size is also affected by fiactors other than tiie type of ovariole. Amongst Lepidoptera 

from temperate regions, species overwintering in the egg stage have larger eggs than 

species that overwinter in some other stage, and species feeding on woody plants have 

bigger eggs than those feeding on herbaceous plants (Reavey, 1992). Individual 

females of at least some butterflies lay smaller eggs as they grow oldar, and females of 

the comborffl- moth, Ostrinia nubilalis, \scj/ smalla* eggs if tiiey do not receive adequate 

nutrition (Leahy and Andow, 1994). 

Insect eggs have a wide variety of forms. Commonly, as in Orlhoptera and 

many Hymenoptera, they are saus^e shaped but tiiey can be conical as in Pieris, or 

rounded, as in many moths and Heteroptera The eggs of Nephidae and some Dipt^a 

have respiratory horns (Hinton, 1961), while the eggs of many parasitic Hymenoptwa 

have a projection called a pedicel at one end. The eggs otEncyrtus (Hymenoptera) are 

unusual in consisting of two bladdos connected by a tube (Hinton, 1981). 

The chorion of insect egg is produced by the follicular cells wtole tfie egg is in 

tiie ovaiy and is unique in its structure. The outer surface of the chorion is often 

sculptured, frequaitly with a basically hexagonal pattern reflecting the shapes of the 
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follicle cells which secrete it. Outside this, grasshoppers have an additional layer, the 

extrachorion which differ from the chorion in being produced by gland cdls in the 

oviducts rather than by the follicle cells. 

The outer covering of tiie egg of the niotfi, Mcropteryx, is unusual in 

consisting of a forest of knobbed projections. These are produced in the hour following 

oviposition by exudation from tiie oocyte itself The exudate forces the viscous outer 

layer of the shell, produced by the female accessory glands, outward to form the 

projections (Chauvin and Chauvin, 1980). 

Because the chorion is laid down in the ovary, some provision is necessary to 

allow the subsequent entry of sperm. This takes place in the form of micropyles, which 

are funnel shaped pores passing right through the chorion, usually near the anterior 

pole of the ^ g as in Samia cynthia ricini (Kawaguchi et al, 2000).The pores are 

usually 1-2 ^m in diameter but variable in different insects, often with a wider funnel 

at the sur&ce of tiie chorion. The number of micropyles varies in different insects, in 

dipteran eggs only one micropyle is present, in Acrididae it is 30-40 (Roonwal, 1954), 

while in differrat species of Corcidae the number varies from 4-60 and pentatomids it 

is 10-70. The petal mmiber surrounding the micropyle are also variable in number viz. 

12-20 in Samia cynthia ricini (Kawaguchi et al, 2000), 9-11 in Bombyx mandarina 

and 8-13 in Bombyx mori (Kawaguchi et al, 1996a). 

Gaseous exchange occius via Ae extensive airspaces called aeropyles Aat are 

usually presait in the diorion of most torestrial insects. These aeropyles are located in 

tile chorion adjacent to the oo(^e and, in species that lay their eggs in moist 

aivironments, these airspaces may extend through the entire thickness of the chorion. 

The layer of air in the inner chorion has direct access to the ovum through pores in tiie 

innermost layer of tfie chorion and coimects with the outside air via aeropyles (Hartley, 
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1962). In many other species, ihe connections are even more restricted. In Calliphora 

(Diptera), the outer meshwork and aeropyles connecting witfi Ae inn» meshwork are 

absait over the greater part of the egg, and are present only betweai the hatching lines 

(Hinton, I960; Anderson, 1960). E ^ s oiOcypus (Coleoptera) have an equatorial band 

of aeropyles connecting with the innw airspaces, Rhodnius eggs have a ring in 

aeropyles just bdow tiie cap (Beament, 1946), and those of Carausius, have a single 

small pore at which the reticular inner chorion is exposed at die e ^ surface. The 

respiratory horns of some Diptera and the Nepidae (Hemiptera) serve the same 

function of connecting the inner layer of air with the atmosphere outside, while at the 

same time restricting the area throu^ which rapid loss of water can occur (Hinton, 

1961). Where only a single aeropyle is present, as in the beetle, Callosobruchus, its 

size is critically important for gaseous exchange (Daniel and Smith, 1994). Eggs of 

some terrestrial insects are also modified to counter periodic flooding by maintaining a 

layer of air around the egg so toaX tiie chorion become hydrophobic in nature and the 

gas from the surrounding water may difiuse. Thus the chorion also acts as a plastron. 

The chorion thus serves as the reproductive machinery until hatching, allowing 

sperm entry, protecting the embryo from environmental hazards such as tonperature 

fluctuation, excess humidity and desiccation and microbial invasion, A^le ensuring an 

adequate ojq^gen supply and carbondioxide discharge. These rather paradoxical events 

are achieved by the highly ordered architecture of the chorion, which has op«iings of 

elaborate size and shape, paietrating tiie chorion layers (Hinton, 1970; Margaritis, 

1985). The morphological features of the chorion have been analysed on lepidopteran 

insects sudi as the domesticated silkworm (Akai, 1957, 1976; Kanda et al, 1974; 

Katsuno, 1984a, b; Kawaguchi et al, 1993), tfie wild silkmoth, Bombyx mandarina 

(Omura and Kataoka, 1943; Sakaguchi et al, 1990, 1998; Nho, 1990; Kawaguchi et 
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al, 1996a, b), the wild silkmoths, Antheraea pofyphemus (Mazur et al, 1980, 1982, 

1989; Regies et al, 1982), Hyalophora cecropia (Smith et al., 1971) and fte muga 

silkworm, Antheraea assama (Dey et al., 2003). These achievonents have indicated 

that the chorion structures in terms of either the surfece pattern made of the micropyle, 

the variable number, structure and size of aeropyles and polygonal network or the 

internal structures including the sperm ducts and lamellar layers are more or less 

variable from species to species, reflecting the taxonomic diversity of tfie l^idoptera 

Tliis situation provides a rationale for additional conq>arative analyses of the chorion 

structures in different species. 

2. Medianism of egg hatching process 

Most insects force their way out of the egg by exerting pressure against the 

inside of tiie shell. Hie insect increases its volume by swallowing the extra-embryonic 

fluid and in some cases by swallowing air which dif^es through the shell. T h ^ 

waves of muscular contraction pun^ h^molymph forwards so ftat the head and 

thoracic regions are pressed tightly against the inside of the ^ell. In grasshoppers, and 

peih^s in other insects, these muscular waves are interrupted pmodically by a 

simultaneous conU'action of the abdominal segments v̂ 4lich causes a sudden increase in 

pressure in the anterior region. These sudden contractions ultimately ruptures the shell 

as in Schistocerca gragaria (Bemays, 1972a, b). 

The position of tiie rupture generally depends on where the insect puts pressure 

on the diorion. In grasshoppers, the chorion is split transversely above the ampullae; in 

tfie water beetle, Agabus, tiie split is longitudinal, while in some species it is variable 

in positioiL The chorion of some species has a line of weakness along which it splits. 

The egg of Calliphora, has a pair of longitudinal hatching lines running along its 

length (Anderson, 1960; Ffinton, 1960) and in Heteroptera a hatching line runs round 
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the egg where tfie cap joins the body of the chorion (Beament, 1946). In eggs ofAedes, 

there is a line of weakness in the serosal cuticle and a split in the chorion follows this 

passively, peifa^s because the serosal cuticle and chorion are closely bound. In 

species with a thick serosal cuticle, such as Arididae and Hetroptera, hatching is aided 

by an enzyme that digests the serosal endocuticle before hatching begins. 

Cuticular structures known as egg bursters also aid hatching in a number of 

insects. These are usually on the head of the embryonic cuticle of Odonata, some 

ortoptera, Heteroptara, Neuroptera and Tridioptera, but are on the cuticle of the first 

stage larva in Nematocera, Carabidae and Siphonaptera These cuticular structures 

may be in the form of different shaped central tooth viz. row of spines in 

Cimicomorpha (Southwood, 1946), pair of spines (sucking lice), cuticular tooth (fleas 

and mosquitoes). In ̂ ga^u^, the egg-buster is a spine on eitiier side of the head, but 

many Polyphaga have egg-busters on the thoracic or abdominal segments of the first 

stage larva. The larva of Dacus (Diptera) uses its mouth hooks repeatedly protruding 

than until they tear the chorion. The blades in lice and the spines in Cimex are used to 

tear the vitelline envelope, the chorion then bdng broken by pressure (Sikes and 

Wigglesworth, 1931). 

Special muscles which assist the hatching process are known to occur in some 

insects. They usually break down soon after hatching. 

In lepidopta-a, the larva gnaw their way throu^ the diorion and after hatching, 

continue to eat tiie shell until only the base is left. In Pieris brassicae, whwe ttie eggs 

are laid in a cluster, newly hatched larvae may also eat the tops off adjacent unhatched 

eggs (Chapman, 1998). 

In tiie present study, we have focused our attention on Ae ultra sur&ce 

structure of the chorion membrane and the mechanism of egg hatching of Philosamia 
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ricini, by using binocular microscope and scanning electron miaoscope (SEM). It will 

also be of interest to examine whether Aere are surface dianges in chorion 

morphology during developm^. 

51 



MATERIALS AND METHODS 

Insects. 

Phihsamia ricini silkwonn maintained at the Sericulture fann, Nona)oh, was 

used for tiie experiment Larvae were brought to the laboratory and reared on fresh 

castor leaves {Ridnus communis) undw natural photoperiod. Shortly after emergence, 

female moths were allowed to copulate with males for 12 h and then to oviposit in Ae 

dark. Eggs to be examined were collected at the same time (10 AM) every d ^ until 

hatching. After ev«y collection the eggs are washed tiiorougjily with distilled water, 

blotted and air dried. Then they are processed fiirther for Scanning Electron 

Microscopy. All procedures were performed at 25X. 

Observation of chorion by Binocular and Scanning Electron Microscope. 

Whole eggs were fixed m Neutral hxxSet formalin solution for 4 to 5 days at 

4°C and observed for overall appearance under a binocular microscope. Alternatively, 

whole eggs w^e dehydrated in a graded eftanol series, freeze dried with r^rr-butyl 

alcohol, mounted on a stub with double-stick carbon t^e , sputto* coated with gold and 

observed for surface morphology with Scanning Electron Microscope. The egg 

dimoisions Oengths of m^or and minor axes and surface area) and the unit areas of 

tiie polygonal network patterns were measured using photogn^hs as described by 

Kawamura and Nakada, (1981) and Kawaguchi et al. (1996a). Each value was the 

average of 40 eggs from egg batchy deposited by five moths (15 ^gs per batch). For 

calculation of the average polygonal unit area and aeropyle diameter, 150 and 30 units 

were arbitrarily chosen from the eggs respectively. 
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RESULTS 

The egg ofPhihsamia ricini is oval or laterally flattened ellipsoid; freshly laid 

eggs are candid white while the chorion is colorless and semi-transparent. The lengths 

of the m^or and minor axes were 1.67±0.25 mm and 1.41±0.12 mm (mean ±SD, 

N=40X respectively while the diameta- is 1.37± 0.22nam and the wdght of tfie egg 6. 

018 ± 0.34 g (Table 4). 

The surface of the diorion is covered with a network pattern made of fairiy 

uniform, mostly hexagonal (occasionally paita- or heptagonal) units. These network 

pattem are polygons, vviiich are imprints of the follicular epithelial cells that secrete 

Ae chorion proteins. The polygonal shape was common to the whole surface region. 

The boundaries b^weoi polygons made ridges, which, corresponding to die junctions 

of follicular epithelial cells, had distinct acropyles at three-cell junctions. Each 

polygon can be said to have aeropyles at each ridges so diat there are six aa'opyles in a 

hexagonal structure, five in pentagonal, seven in heptagonal and so on. There is 

variation in the unit area of the polygon according to their location in diffa'ent region 

of ttie eggs. The unit area for the antaior and posterior pole regions are 407.2±45.3 

and 455.7±82.3^un^ (mean ±SD, N=150), respectively, whereas 561.4133.1 and 

448.5±72.25^m^ (mean ±SD, N=150) for the lateral flat and margirwl r^ons , 

respectively (Table 4). 

During the course of developmoit fi'om di^-3 until hatching, no significant 

structural dianges were observed in either the polygonal structures and the overall 

morphology of tiie egg (Fig 7-17). Line of weaknesses which are usually present in 

some insects' eggs are not observed even at time of hatching or close to it. However, 
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the size of tiie pores or aeropyles kept on dianging as the egg matures. At d^-3 of egg 

development the aeropyle size was 0.84 ±0.33 (imthai it increases to 1.3±0.10 ^mand 

1.56 ±0.22 nm in day-5 and day-7 respectively. At day-8 (1.58 ±0.20 fim) the aeropjde 

size is almost Ae same as that of di^-7 but then it increases again to 1.875±17^m in 

day-9 vMch is the maximum size attained during all the d^s of egg development. 

After day-9, the aeropyle decreases to 0.85±0.15 ^m (day-12) and to 0.97±0.33 îm 

(mean ±SD, N=30) at the time of hatching (Table 4). 

From our observation we found fhaX the hatching process of fte newly emerge 

larvae are through gnawing (Fig. 17). The larva eats their way out throu^ the chorion 

membrane mostly from tiie anterior region but they may also emerge from lateral or 

any other sites of the egg. Egg buster or spine whidi aid in hatching are not presait in 

tiie newly emerge larvae. 
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DISCUSSION 

The chorion of lepidopteran insects has spatially and morphologically 

diffa'entiated surface regions. In the present study the dhorion of Philosamia ricini 

was observed to lack the aeropyle crown regioa In this respect the chorion of this 

species was fundam^tally similar to Aose of ^. mandarina and B. mori (Kawaguchi 

et al, 1996a) and Samia c}nthia ricini (Kawaguchi et al, 2000). Intiie diorion surfece 

of the mature A. polyphemus reveals four clear-cut regions distinguished by 

differences in cell imprints, i.e. flattened sides, aeropyle crown region, meridional 

stripe region and miropyle region (Mazur et al, 1982). Also in B. mori (Ohtsuki et al, 

1977a, b; Kawaguchi et al, 1993) and B. mandarina (Kawaguchi et al 19%a, b) four 

distinct regions, the posterior and anterior poles, lata'al flat sides and ventral (dorsal) 

edges, are apparoit, altiiou^ thore is no aeropyle aown regioa 

The egg size was larger in Philosamia ricini in term of length of major and 

minor axis and the area of lateral flat region than ttiose of otfaô  lepidopteran insects 

viz. B. mori and B. mandarina (Kawagudii et al, 19%a, b). The numbCT of petals 

surrounding the external micropyle in Samia cynthia ricini (Kawaguchi et al, 2000) 

was larga* than in Bombyx, while the rosette pattern made by p^als was found to be 

simpler in the former than in the latter, \^iiere in two-to four-petaled patterns 

predominate (Kawaguchi et al, 1993, 1999). In the presait study althou^ the petals 

surrounding the micropyle are not detected, it is assumed that they may be similar to 

that found in Samia cynthia ricini as above. The polygonal networic patterns especially 

at the lateral flat and marginal regions are regular, Aere is no significant variation in 

toe unit area of the polygon exhibited. At the posterior pole, knobs residing inside the 

polygonal units are visible prominently. 
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The variability in the size of aeropyles during egg development is difficult to 

distinguish functionally. However, since they mainly serve for gaseous exchange 

betweoi the egg and the outside ̂ vironment, it may be that gradual increase in size at 

least up to the day-9 demands more oxygen uptake by the developing larva Too small 

a pore will not permit the entry of an adequate supply of ojQfgen and Ae eggs of two 

strains of Callosobruchus maculatus with differoit metabolic rates have diffwently 

shaped aeropyles (Daniel and Smith, 1994). Again it is presumed that the decrease of 

ttie aeropyle size after day-9 up to the time of hatching may be b r o u ^ about by the 

dryi^ss of the egg as the fluid inside continue to ddiydrate due to development or 

may be due to its prolonged exposure to dry environment. A very interesting case in 

the eggshell of Hawaiian species D. grimshawi wiiich is imusually thick and possibly 

for that reason has developed numerous but very narrow aeropyles which might 

function during embryogenesis in dry environment (Margaritis, 1985). Thus the 

variabiUty in the size of Ae aeropyles during egg development requires the insect to 

modify its egg structure according to tat demand of the environmental condition. 

The study in term of hatching of ttie larvae from the eggs revealed that they 

gnawed their way out through &e chorion membrane in accord with the process 

adopted by all larval lepidopteran insects (Chapman, 1998). For the process of 

hatching th^e are no rupture of ^ g neither from line of weaknesses nor presaice of 

egg buster or specialize spine or cuticle. 

In the presait study, the overall structure of the egg during the course of 

developmmt until hatching was not observe to change except for tile minute pores or 

aeropyles present on the ridges of the entire polygonal network. 
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Table 4. Description of overall measuremeiit of egg otPhUosamia ridnl 

Site 

'"LmgdiofQgg 

(Chorion sur&ce) 

"•Whole egg 

*• Unit area of polygonal 

structoires 

***ACTopyle diameter 

Measuranent 

Migoraxes 

Minor a?»s 

Diameter of egg surface 

Weight 

Anterior 

Postoior 

Lateral flat region 

Marginal region 

D^-3 

Day-5 

D^-7 

Day-8 

Dtv-9 

Day-12 

Day-13 

1.67±0.25 mm 

1.41±0.12mm 

1.37±0.22 mm 

6.108±0.33mg 

407.2±45.3 ^m' 

455.7±82.5 jmî  

561.4±33.1 jan^ 

448.5*72.25 \atf 

0.84 ±0.33 ̂ m 

1.310.10 ^m 

1.56 ±0.22 ̂ m 

1.58 ±0.20 |im 

I.875±17^m 

O.85±0.15 ^m 

0.97±0.33 nm 

•meaitbSD, N=40; ** meautSD, N=150; •** meaniSD, N=30 
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Fig 9. Chorion morpho logy att day 5. 



Fig 11. Chorion morphology at day 7. 
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Fig 13. Chorion morphology at day 9. 
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Fig 15. Chorion morphology at day 12. 

F i g 16. Chor ion m o r p h o l o g y at day 13. 
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Fig 17. Chorion morphology at hatching (day 13) 
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CHAPTER - 3 

Hormonal influence underlying 

Pupation by ligation 



Chapter-3 

INTRODUCTION 

The onset of a molting cycle and Ae initiation of metamorphosis are 

intermediate evmts in the life of most and p^iaps all insects. Both processes are 

tightly linked to growth and nutrition; insect do not molt by clock, nor do tiiey count 

their instars to determine when they will metamorphose, even though undw optimal 

growing conditions the molting cycle occurs with predictable regularity, and flie time 

of metamorphosis can often be predicted to tiie nearest day. Every molting cycle, 

whethffl- it is a larval, pupal, or an adult molt, b^jns with the secretion of 

(prothoradcotropic hormone) FTTH by the brain. PTTH stimulates Ae secretion of the 

molting hormone, ecdysone, and it is the action of ecdysteroids on the epidermal cells 

that is responsible for stimulating the biochemical and morphological events of the 

molting cycle (Nijhout, 1994). 

The oidocrine role of the insect brain was first recognized by Kopec (1917, 

1922). The simple technique of dividing an insect into various parts by ligatures has 

serves as a powerftil tool in the developmait of the field of insect endocrinology. The 

eariy studies of Kopec (1922), which involved placing Ugatures around Ae necks of 

lepidopteran larvae, first indicated the importance of the brain to ^ molting process. 

Kopec (1917) studied the control of molting in the gypsy moth, Lymantria dispar and 

noted that when a ligature was placed around the middle of the body of early fmal 

instar larva, die anterior portion pupated normally but Ae posterior portion never did 

and concluded that something in the anterior half of the body was needed for normal 

metamorphosis. Removal of the brain fi-om a mid-final instar larva likewise inhibited 

pupation, but removal of the subesophageal ganglion did not From this experimoit 
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Kopec concluded that the brain was the source of the metamorphosis-stimulating 

factor, and that the brain did not exert this effect via na\es, since removal of the 

subesophageal ganglion effectively severed ihe nervous connections between the brain 

and the rest of the body. 

The endocrine role of the brain was confirmed by Wigglesworth (1934) in 

Rhodnius and Williams (1947) in silkmoth, Hyalophora cecropia. The role of the 

prothoradc glands in supplying the insect hormone (ecdysone) was later shown by 

experiments, which consisted in ligaturing caterpillars between the thorax and 

abdomen (Fakuda, 1944; Williams, 1952). Whai Ugatures were ^plied before flie 

time of protfioracic gland activity, the abdominal conq)artment subsequoitly showed 

no signs of molting. When Ugated afta* this critical paiod, however, the abdomens 

underwent a complete molt A mixed response was often seen when ligatures were 

applied during the time of pro&oracic gland activity (Fakuda, 1944). In such 

abdomens part of ib& ^idermis retracted and secreted a new cuticle. This type of 

mosaic response was sometimes also seen w h ^ isolated abdomrais were induced to 

moh by injection of ecdysone (Sehnal, 1972). In Manduca sexta, abdomens isolated 

during the poiod of ecdysone secretion show a similar mosiac molt (Truman, 1972; 

Truman and Riddiford, 1974). i^paraitly at some point during their response to 

ecdysone, the epidermal cells become "competent" to seaete a new cuticle, at \^ilich 

time they become independent of any furdier influaices of fte protfioracic glands. The 

r^ults obtained using Manduca showed that the epidermal cells become autonomous 

according to a reproducible, stereotyped pattern within an abdominal segment 

Furthermore, this patton of ind^^dence appeared to be rdated to the pattern of 

sfflisitivity to juvenile hormone (JH) in the same tissues (Truman, 1972). 
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One of the earliest and clearest demonstrations of Ihe head critical period was 

proved by Wigglesworth (1934) who showed that in Bhodnius tiie molt became 

independent of the head about three days after the blood meal in fourth instar larvae 

and about seven days after the blood meal in fifth instar larvae. It is assumed that 

PTTH secation in Rhodnius begins very soon after the blood meal because 

ecdysteroid titers in the hemolymph begin to rise shortly after a meal is taken (Steel, et 

al, 1982). 

The protfioracicotropic hormone (PTTH) is a brain neurosecretory peptide of 

insects that stimulates the prothoracic glands to secrete ecdyst^od, thereby inducing 

molting and metamorphosis (Bollenbacher and Granger, 1985; Ishizaki and Suzuki, 

1994; GilbCTt, et al, 1996). It is widely accepted Aat FTTH is released at specific 

times during insect development, signaling the transition of developmental stadia such 

as larval molting, larval-pupal transformation and adult developmait. However, little 

is known about the fiEu:tor(s) and mechanism(s) that regulate the timing of PTTH 

secretion The factor most extensively studied as a candidate for the regulator of PTTH 

secretion is tiie juvenile hormone in some lepidopterans including Manduca sexta 

(Nijhout and Williams, 1974 a, b; Safranek, etal, 1980; Roundtree and Bolloibacher, 

1986), Spodoptera Httoralis (Cymborowski and Stolarz, 1979) and Bombyxmori (Akai 

and Kobayadii, 1971; Gu, et. al., 1997; Mizogudii, 2001). 

In view of the above fact the present study will demonstrate the involvement of 

pupation factors/hormones responsible in bringing about events leading to piq)ation by 

ligation experiments. It will also be of int^est to determine the time of ecdysis in 

relation ligations. The varied morphological changes attained during the transition 

from larval to prepupal development will also be studied and correlated to ^ e 

anticipated hormonal secretions. 
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MATERIALS AND METHODS 

Experimentiiig animals: 

Philosamia ricini used in these experiments were received from. 

Sericulture Department, Nongpoh, Govt, of Meghalaya Larvae were reared in a 

rearing cage indoor and supplied with diet of Castor leaves, Ricinus communis. The 

larvae were maintained at 25^0.5* C and RH 70-80% under 12L: 12D photoperiod 

regimen with 24:00 designating lights-on which is taken as the beginning of a new day 

(Truman, 1972). The age of 5* instar larvae was abbreviated to L5 day n where day 0 

indicates tilie day of ecdysis to this instar. Post-feeding larvae were restaged torn Ae 

day of gut purge (day 0) and their age was given in days after the purge (Fujishita and 

Ishizaki, 1982). To facilitate the start of spinning, larvae, shortly after wandering 

phase, were placed in a bamboo made mountage or *Chandraki' of desirable diameter, 

a device used commonly in En culture. 

In these experimmts the proper staging of larvae was of paramount 

importance. The 5"* instar larvae, the beginning of metamorphosis are marked by the 

cessation of feeding and the entry into the 'wandering stage'. An animal in this 

condition has purged its gut and yellow colour of die body has developed. These larvae 

were due to tiie secretion of PTTH and ecdysone during the preceding day (Truman 

and Riddiford, 1974). Therrfore in order to idaitify the anticipated time of hormonal 

secretions, morphological and developmental changes following pupation, ligatures 

w^e done extensively at different times. For neck ligation, blood-tight Ugatures were 

placed around ttie neck, just behind tl^ head and for abdominal ligation, ligatures were 

done around the 2"" & 3'^ abdominal segm^ts. Transition from larval to post feeding 

prepupal stage was studied using gut purge as a marker. Mobility lost of prolegs of Ae 
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anal and the 3"* to 6* abdominal segments were used to underline the endocrine events 

for the first and the second release of PTTH and ecdysone respectively (Fujishita & 

Ishizaki, 1981, 1982). All morphological and behavioral changes in the last larval 

instar including timing of gut purge and pupal ecdysis were recorded by observation. 
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RESULT 

1. Changes in the morphology and bdiavior of tiie last 5"* bistar larva: 

After continuous feeding for 6-8 days, the larva emptied the gut contait with 

the excretion of massive fluid. This phenomenon of at^tying fluid from Aeir gut is 

known as gut purge (Nijhout and Williams, 1974a; Truman and RidifFord, 1974). 

During gut purging the head part will be tilted slightly upward accon^anied by an 

abrupt and clear-cut release of fluid faeces. Later additional intermitt^ surges of 3-4 

times in minute quantity follow and the whole process is con^leted within half an 

hour. After gut purge tiie larva will slightly change its color to light yellow (wtoch is 

its natural color) the color prior to gut purge was due to the presence of fat (wax) 

particles embedded to its integument Gut purging usually occur during photophase 

period before 12 noon. After few minutes, the larva move around in seardi of suitable 

place for spinning and this stage is known as 'wandering phase'. When the larva had 

settied down at the appropriate site, spinning start forthwith lasting 1-2 da^s. As 

spinning advances, there is remarkable weight loss and die morphology of the larva 

changes gradually. The flrst morphological change was observed in the anal proleg in 

which it loss^ its mobility initially and then latar on became buried in the basal r ^ o n 

(Fig. 20). Later, the ocellar contraction takes place and the p r o l ^ of the 3*̂  - 6* 

abdominal segments lost their ability to contract and expand as did the anal proleg one 

day earlier. Insects which have lost tl« mobiUty in all fte prolegs lie inside the cocoon 

assuming a typically prepupal form 

Tlie lost of the mobility in the anal prolegs was used to underline the endocrine 

events Aat occur prior to piq)ation. Ligated larvae generally exhibited varying degree 

of gut purges, colour dianges, body shrinkages and complete loss of mobility of the 

anal prolegs. Those animals which did not lose the anal prol^ mobility never showed 
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any signs of the prodromes leading to pupation. A direct correlation with the timing of 

ligation was obsoved in all the events that bring about pupation viz. the lost in the 

mobility of the anal prolegs. When ligation was done long after gut purge, the 3"* - 6* 

abdominal prolegs always showed lost of mobility while it was not so when ligation 

was done during the feeding stages. Thus, it can be assumed that, firstly, the functional 

degoieration of the anal prolegs are induced by homines released during the feeding 

stage, thougji its completion is attained as late as day-2 after gut purge. Whereas, in the 

3"* - 6^ abdominal prolegs, the mobility loss can be assumed to be preprogrammed at 

much later time after gut purge. In order to determine the endocrine events undwlying 

the secretions of FTTH and ecdysones responsible for pupal development the 

following experiments were done. 

2. Timing of gut purge in rdation to pupal ecdysis. 

Transition from larval to post feeding prepal stage was studied using gut purge 

as a marker, since this process occur abruptly with clear-cut start vMch enable to 

record accurately the time of its action. 

Larvae which had ecdysed to the 5*̂  instar in die same day shows different 

timing of gut purge and pupal ecdysis. The time of gut purging for those larvae which 

underwait on day-5 and day-6 are confined only to the photophase regimens of their 

respective days i.e. witiiin 12:00 nooa Pupal ecdysis occurred within the 17 hr period 

of day 9 and day-10 respectively Le. larvae that had purged their gut content on day-5 

pupated exclusively on day-9, \ ^^e tiiose which had purged their gut on day-6 

pupated on day-10, thus forming a time interval of 4 days in between gut purge and 

pupal ecdysis (Fig. 18). This experimait apparently explained tiiat pupal ecdysis is 

under the control of an endogenous circadian clock. 
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3. Anticipated first release of PTTH & Ecdysone. (Ligation during feeding 

stage at day 3,5:00 hr onwards) 

The loss of tiie anal proleg mobility was first observed when larvae were 

ligated at 5:00 hr of day 3. The other signs of pupations viz. gut purge, change of body 

colour, initiation of wandering phase and body shrinkage also occurred (Fig. 19). The 

larvae could even spin a cocoon, however the intensity of spinning is greatly reduced 

(Fig. 23 A & B). Ligations at different intwvals prior to 5:00hr of day 3 did not show 

any sign of pupatioa Again, ligations ^plied at different times prior to 11:00 hr of 

day 4 show same result as that when ligation was done at 5:00hr of day 3 (Table. 5). 

The larvae lost tiie ability to contract and expand of the anal prolegs and thereafter 

they became buried in the soft distal part of the abdomen. However, these larvae never 

show any sign of formation of pupal cuticle other than the induction signs of pupation 

during their survival (Table. 5). Thus, first critical seaetion of PTTH & ecdysone can 

be assumed to occur at day 3, 5:00 hr (during feeding) onwards and tiiis is necessary 

for transition of feeding to post-feeding stage. 

4. Anticipated second release of PTTH & Ecdysone. (ligation during post-

feeding stage at day 3,4:00 iir onwards). 

As maitioned previously, ligated larvae during feeding stage were unable to 

produce pupal cuticle. Accordingly, it was anticipated that the second step of PTTH 

and ecdysone secretions must be rdeased in &e post feeding stage following gut 

purge. Neck ligations were then performed at various times after gut purge to examine 

the 2°̂  critical release of PTTH and ecdysone that are responsible for formation of 

pupal cuticle. 

When larvae were randomly ligated long after gut purge ftey pupated in nearly 

normal time, i.e. within 5 days after the gut purge. Ligations prior to 4:00 hr of day 3 
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show no sign of ocellar retraction, the first sign of pupal cuticle fonnatioa However, 

when ligation was done at 4:00 hr day-3, pupal cuticle starts to form accompanied by 

ocellar retraction and the 3"̂^ to 6* abdominal prolegs lost their mobility (Fig. 20 b) 

during their survival of 15-25 days. Observations similar to the above condition 

continue to occur when ligations were done at different intervals iq)to the 10:00 hr of 

day 3. Therefore it is assumed that second PTTH secretion begin at least 4:00hr 

thereon followed by the second ecdysone secretion (Fig.21). 

5. Endocrine induced larval-pupal morphology by ligations. 

a. Neclc and abdominal ligations prior to gut purge during feeding stage: 

Neck ligated larvae results in the developmoit of complete piq)a i d ^ c a l to normal 

one except die head, whae it resemble die old larval character. This head could not 

tuck in for further development due to blockage by ligating thread. Cuticle is 

sclerotized and tanned. (Fig. 24. A & B). However, abdominal ligation, showed 

interesting larval-pupal structures. The anterior part of die body bear a typical pupal 

character whereas the lower posterior region still retained the larval character of die 

last day 5"* instar (Fig. 22. a, b & c). The larva however, continue its developmental 

processes by undergoing spinning while the ligated thread is still intact (Fig. 23. A & 

B). The most observable larval characters are the abdominal segments with their 

appendages. 

b. Ligation loi^ after anticipated hormonal secretion -Possible rote of ARF 

& PDF. A posterior to amerior gradient was seen in the medl^ abdomens in that each 

segment showed slightly more new pupal cuticle tiian did its anterior neighbour. The 

posterior part of the abdomens had perfecfly formed and tanned pupal cuticle while the 

anterior part still bear partial larval characters. The larval characters revealed die head, 

dioracic legs, segmaits of thorax and l" -2™* abdominal segments (Fig. 25 A, B &C). 
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Typically, the patdies of pupal cuticle were com^letdy formed on the posterior r ^ o n 

only, of normal sculpturing and thickness, and tanned. While on the entire anterior 

region bear margin of thin, untanned larval cuticle, which eventually daricened but 

always a few days later than ttie normal cuticle. 
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DISCUSSION 

In addition to reprogramming of the epidermis, the first peak of ecdysteriods in 

last instar larvae of holometabolous insects also causes dramatic changes in the 

insect's physiology and bdiavior. The first and most obvious behavioral response is 

that the animal stops feeding and voids its gut contents. Most larvae tiien move away 

from their food source and go in search of an appropriate site for pupation. In the 

larvae of Lepidoptera and Diptera this activity period is referred to as tfie "wandering 

phase". The larvae of many Lepidoptera that pupate above ground wander in search of 

an q)propriate substrate, and there they undertake an elaborate and stereotyped 

cocoon-spinning behavior. In larvae of Satumiidae the entire complex sequence of 

bdiaviors requires to build a peduncle, then an outer and then and inner cocoon (often 

with escape hatches built in), followed by the impregnation of ^ inner cocoon witii a 

predator repellant fluid fi"om the Malpighian tubules, is entirely preprogrammed in the 

central nervous system and triggered by the secretion of ecdysteriods (Lounibos, 1975, 

1976; Giebultowicz et al, 1980). Among the int^esting biochanical changes that take 

place early during the wandering phase of certain Lepidoptera is Ae lost of the blue 

hemolymph protein, insecticyanin, and the synthesis of red ommochromes in the 

dorsal epidermis (Buckmann, 1959; Riddiford, 1985). This result in the distinctive 

change in the color of the larva by which the wandering phase can be readily identified 

even wl»n the animal is temporarily quiescent or experimentally restrained. 

Wandaing, burrowing, and spinning bdiavior all occur during the period betwe^ the 

two peaks of ecdysteriods. The second peaks of ecdysteriods terminates the wandering 

phase and, with the onset of apolysis, initiates the stages commonly called the 

prepupa, during which the imaginal disks grow and evert, and die cuticle of the pupal 

71 



stage begins to be deposited. The mechanism by vvliich ecdysteriods cause this 

elaborate array of molecular and physiological changes is not knowa 

It is of interest to note that during pupation, the transition of the feeding larva 

to prepupa take place presumably at the onset of &e first PTTH and ecdysone 

secretions. The induction of ocellar contraction and formation of pupal cuticle was 

later supposed to be brought about by the second release of PTTH and ecdysone 

(Table. 5). After attaining both the events of secretions, the larva undergo conqjietion 

of pupal development in normal time. These two steps of hormonal secretions in 

larval-pupal developmoit are Ae same as has been reported in Manduca (Truman and 

Riddiford, 1974; Bollenbacher, et al, 1975; Truman, et al, 1974; Riddiford, 1976). 

The switchover to pupal commitment during the larval-pupal molt in Manduca 

requires ecdysta'oids, but only occurs in the abs^ce of juvenile hormone during the 

last larval instar. Rq}rogramming of the epidmnal cells and some of the imaginal 

disks is induced by the first peak of ecdysteroid that occur in the absence of JH. 

Although the endocrine control of piq)al commitment has been best studied in tfie 

Lepidoptera, it is now generally believed that in all insects whose metamorphic molt is 

preceded by two praiods of ecdysteroid secretion, the first peak causes rq)rogramming 

of the epidermis fi-om a larval to pupal commitmrat, while the second peak induces the 

molt (Smith, 1985; Sehnal, 1989). 

The last larval instar thus differs from all fte o ^ r instars in the pattern of 

ecdysteroid seaetion and in the physiological response to ecdysteriods. There are two 

peaks of ecdysteriod secretion ii\stead of one. The first peak of ecdysteroids 

reprograms the response pattern of the epidermis, vMch now becomes committed to 

secrete a pupal instead of a larval cuticle and triggers the sequoice of physiological 

and behavioral events that prq>are the animal for pupation. The second peaks provoke 
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a normal molting cycle during which the altered commitment of the epidermal cells is 

manifested. Both the altered pattem of ecdysteroid secretion and the novel 

physiological responses to ecdysteriods have a common cause, namely the 

dis^pearance of JH from the hemolymph. The corpora allata cease to secrete JH 

during the last larval instar, and the lost of JH is intimately involved in reprogramming 

the molecular and physiological responses to ecdysteriods. Thus we can conclude that 

both the peaks of PTTH and ecdysone seaetions as observed occurred during the 

period underlying the induction of prodomal signs leading to pupation. 

The time interval between PTTH and ecdysone secretions that leads to 

pupation is not known in the present study. A wide separation in a magnitude of days 

of the critical period for ecdysone secretion is not uncommon, however. This interval 

has been reported to be 5 days in Hyalophora cecropia (Williams, 1952), 5 days in 

Bombyxmori (Fakuda, 1944), and 2 days in Pieris brassicae (Lafont, et. al, 1977) and 

6 days for the pupal-adult development in Hyalophora cecropia (Williams, 1952). 

From our obsCTvations, PTTH and ecdysone secretions are gated at a particular time so 

that fiuther stages of development are directed accordingly in response to tiie 

endogoious signal. 

The secretions of PTTH and ecdysone during the whole events leading to 

pupation seemed to be under the control of drcadian clock, since both die seaetions 

are capable of entering the photophase and scotophase regions of the light regimen. 

This condition has beai reported for Ae larval-larval development in Samia ricini 

(Fujishita and Ishizaki, 1981). Further, the phenomoion underlying gut purge and 

pupal ecdysis also seemed to be under the control of circadian clock since, larvae that 

undergo gut purge on day-5 and day-6 pupated exclusively on day-9 and day-10 

respectively forming a time interval of exactly 4 days in between the events 
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(Fig. 19).Various changes in the light-dark condition did not affect in the timing that 

brought about signs for pupal development (Fujishita and Ishizaki, 1982). Thus, 

neither pupal ecdysis nor hormonal secretions are controlled by a photo sensitive 

circadian clock. Several factors including nervous elements have been implicated for 

initiation of hormonal release for ecdysis (Wigglesworth, 1934, 1936; Edwards, 1966; 

Sehnal and Edwards, 1969; Alexander, 1970; Pipa, 1971) and humoral agents (Nijhout 

and Williams, 1974a, b; Safranek, et. al, 1980) and \\1uch mechanism operates seems 

to vary according to species and stages. 

Concaning the first step of PTTH and ecdysone secretion, the gate for release 

of the two hormcmes was observed to reside in the photophase region By contrast, ^ s 

gate resides in the scotophase in the larval-larval development in Samia cynthia ricirti 

(Fujishita and Ishizaki, 1981) sndMwuiuca sexta (Riddiford, 1980a, b). However, our 

observation do not take into account the precise timing of hormonal secretions and that 

ligation experiments explained only the time when such hormonal release become 

necessary for further development. The phase of PTTH gate was reported to vary 

depending upon the developmental stages in Manduca (Truman, 1972; Truman and 

Riddiford, 1970; 1974). 

Since ligation was done after the critical period long afta* gut purge i.e. after 

die 2^ released of PTTH had occurred, the whole body of the larva had recdved 

au>ugh ecdysone to render fliem capsiAe of pupal formation Although the head had 

not purge in and still show the larval character, but this probably may be due to 

ligation at the neck region making the head impossible to tuck in due to blockage by 

ligation (Fig.24. b). Besides, becoming autonomous from the prolfaoracic glands, the 

epidermal cells also become committed to tiie type of cuticle that they will secrete 

(Truman et al., 1974). From diis relationship it was concluded Aat the epidermis 
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became committed to pupal differentiation by the time that it acquired its 

independence (Truman, 1972). 

In Manduca sexta, tfie 5''' instar larva initiates the pupation process by the 

release of PTTH before wandering and after ttie wandering stage. The first release of 

PTTH and ecdysone provoked the onset of wandering stage, but did not cause the 

formation of the pupa. Hie molt to tt^ pupal stage began 2 days later with a second 

released of PTTH late on day 1. When ligation was done prior to the 2™* peak of PTTH 

secretion they routinely showed mosiac molting response (Truman and Riddiford, 

1974). Our observation also showed intermediate charact^ of larval-pupal epidermal 

cuticle (25. a-c). This tissue presumably had received sufficient exposure to ecdysone 

at the time of ligation to render it capable of forming the new pupal cuticle. The rest of 

the epidermis, which had not molted, ^parently required a longer exposure to 

ecdysone before independence was attained. However the most readily retained larval 

structures were the anterior thoracic legs. 

A posterior to anterior gradient was seen in the mosiac abdomois in that each 

segm^t showed sUghtly more new pupal cuticle than did its anterior neighbour (Fig. 

25. a-c). The posterior part of the abdomens had perfectly formed and tanned pupal 

cuticle. This shows that the posterior q)idfflrmis has gained independent of PTTH 

secretion according to reproducible pattern (Truman, et al, 1974). The posterior 

epidermis has been exposed enoug î to molting hormone, ecdysone to render than 

cq)able enough to form pupal characters. The hormonal conditions for pupation 

behavior and for tanning of the puparial cuticle are presoit many hours before the 

actual processes begja Larvae ligated bdiind the fused central nervous system and 

ring gland after the critical period, what the whole body is already committed to 

pupation, ultimately tan in both parts of the body (Kerkut and Gilbert, 1985). Failure 
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of the anterior part to pupate (anterior inhibition) under certain cu-cumstances is rather 

common (Ratnasiri and Fraoikel, 1974a) and it can also be attributed to respiratory 

deficiencies by iqury of the tracheal systan during ligation (Ratnasiri and Fraenkel, 

1974b). 

A factor, so far hypothetical, has been postulated to be involved in the control 

of pupariation. It is supposed to be produced in the posterior region of the larval body 

and its assumed function is to stimulate tanning (daricening) of the cuticle. Hence it has 

been named the postmor darkening factor by Whitehead (1974). Thus, in the present 

study, the darkening of tiie posterior part of the larval-pupal cuticle may be caused by 

the posterior darkaiing factor (PDF). 

Still another factor, the anterior retracting factor (ARF) (Sivasubramanian et 

al, 1974) may be responsible to render the anterior part incapable to pupate due its 

abs^ce. The activity is low or absence at all stages prior to initiation of pupation, rises 

to a maximum during the first 2 hours of tanning, is maintained for several hours, and 

then wanes (SeUgman et al., 1977). Further, the Posterior retracting factor (PTF) was 

injected to Ae posterior of ligated part, tanning of the cuticle was faster than that of &e 

anterior region (Zdarek and Fraenkel 1969). So in the case of tiie preset study, the 

occurr^ce of pupal character in the posterior region of the ligated part indicates the 

maximal activity of PTF. 

Fraenkel (1935) showed that a mature blowfly larva tightly tied below the ring 

gland with cotton thread, pupated in the anterior portion only, and that the postaior 

portion could be induced to pupate by injecting haemolymph firom larvae which had 

just undergone pupatioa The hormone activity present was later idoitified as ecdysone 

(Butenandt and Karlson, 1954). Later, the 'puparium test for ecdysone' was also 

utilized for discovery and fiirther search for ecdysoids of plant origin, and it is 
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currmtiy used until now. Base on this, test works has been done in Cecropia 

silkworms (Fraenkel and Zdarek, 1970) and Other lepidopteran larvae (Sato, et al., 

1968). Thus, in the present experiment (Fig. 22. a - c) the anterior portion of the body 

had received enough ecdysone for formation of pupal cuticle whereas the posterior 

half was deprived of the molting hormone by ligation. 

In conclusion, it is of interest to note that neck ligj^ed larvae shows mobility 

loss of the anal prolegs when ligation was done at appropriate time which thus 

explaiwd that sufficient quantity of hormones was released. The critical period of 

hormonal release daiotes the first observable effect of morphological change witiiout 

further supply of the hormones. This timing may vary depending on the events of 

choice (Truman and Riddiford, 1974; Riddiford, 1980a, b). 
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Fig 21. ligations on day-3,4:00 hrs (>*eDow arrow) after gut 
purge showing occHar retraction (red line) and pupal cuticle 

formation (yeDow line). 
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Fig 20. Ligation during feeding & post feeding stages induced 
prodromal signs of pupation. 

(A) ligation at day-3; 5:00 hr-Lost of mobility in the anal proleg (day-5). (B.) Sclerotized anal 
proleg (siiTgJe arrow) buried partially in basal part & lost of moh^ty in the 3rd-6di abdominal 

p r o l ^ (double arrow) but still intact 



Fig 22. Abdominal ligations before anticipated hormone secretions 
blocked posterior pupal cuticle formation. 

(a. Lateral view, tv Dorsal view, c. Ventral view.) 

Fig2 3. Abdominal ligation before a 
(A & B). Cocoon spun by larva wMe the 

nti< 
hgat 

cipated hormone secretio 
£d thread is still intact 
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Fig 24. Normal developing pupal characters 

(A). Normal developing pupa. 
(B). Neck ligation long after anhapated hormonal secretions (after gut pvirge) developed ncvmal 

pupal character but head part was blocked from invagination due to hgation. 

Fig 25. Ligation long after anticipated hormonal secretion 
-Possible role of ARF & PDF 

(A). Abdominal ligation - larval-pupal intermediate (antenor-larval & postenor-pupal 
characters). 
(B & C). Mosaic response in neck ligabon - thoraac leg still intact (Lateral & Ventral views) 
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CHAPTER - 4 

Study of Eclosion behavior and effect 

of EH extract on wing extensibility 



Chapter-4 

INTRODUCTION 

Growth and developmoit in insects occurs in stages that are punctuated by 

molting, a set of biochemical and behavioral events. The bdiavioral evente, termed 

pre-ecdysis and ecdysis, served to loosai the old cuticle (called the exuvium) from the 

underlying new cuticle. During this period the insect is often referred to as being a 

pharate stage or in case of lepidopteran insect, a pharate molh (Hinton, 1946). After 

the insect esc^>e from the old skin, its new cuticle is then expanded into its proper 

form and hardened. Hie process of insect ecdysis involves more than the insect simply 

crawling out of the old skia It demands Uie coordinated interplay of a number of 

bdiavioral, physiological and developmental processes. Ecdysis itself is composed of 

ihythmic abdominal peristaltic waves that terminate in the diorax with vigorous 

shrugging of the wing bases. The movement of the exuvium back along the abdomen 

is generally sufficient to free the legs and antennae. The ecdysis of silkmoths is 

intearupted by processes involved in escape from the surrounding cocoon 

The first indication of a hormonal control over ecdysis came from experiments 

on adult ecdysis (eclosion) in the giant silkmoths, vvhere it was suggested that ecdysis 

or eclosion of the moth from its pupal cuticle could be evoked by a brain- catered 

neuroendocrine mechanism (Tnmian and Riddiford, 1970). Eclosion in these moths is 

confined to a specific time of day determined by the light-dark cycle. When the brain 

was removed early in adult development, the resulting brainless moths eventually 

ecdysed from the old pupal cuticle but tii€»r bdiavior was abnormal. These ecdysis 

attempts were spread randomly throughout die day and nigjit. When a brain was 

implanted into the abdomen of similar debrained insects, these 'loose-brain' moths 

subsequently showed a normal ecdysis that occurred at its characteristic time of day. 
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Moreover, implantation of tiie brain from a different species into a dd^rained host 

resulted in the recipient eclosing at the time characteristic of tl^ donor species. This 

clearly indicated that the brain regulated the timing of adult eclosion and fiirdiermore, 

tiiat it could exert tiiis control throu^ a blood-bome factor. The release of this 

neurohormone into the blood is a vital link in a chain of events that leads from a 

circadian clock, located in the brain (Truman 1971). Thus tiie brain clock (which in 

turn is entrained by environmental variables) is able to determine the time at wiiich 

eclosion occurs by controlling the release of the eclosion hormone. Once the hormone 

spears in the blood, eclosion inevitably follows. In the Satumiid silkmoths, die 

interval between eclosion hormone release and the performance of eclosion behavior is 

relatively invariant (Truman, 1973c); in Manduca sexta (a Sphingid), on the otha-

hand, the actual initiation of eclosion behavior once eclosion hormone has been 

released is somewhat subject to the influence of environmental variables (Reynolds, et 

al, 1979). 

Hie hormonal basis for eclosion demonstrated in silkmoths showed that the 

behavioral could be evoked by extracts of brains and corpora cardiaca from pre-

eclosion insects (Truman and Riddiford, 1970). Injection of EH- containing extracts 

into pharate aduU H. cecropia invariably resulted in the prompt display of the pre-

eclosion, eclosion and wing expansion behaviors (Truman, 1971). The ecdysial 

behaviors appeared to be a programmed response of the insect's nervous system to die 

hormonal signal. A direct verification of the above conclusion was made possible by 

the observation that abdomens isolated from pharate H. cecreopia responded to EH 

injection by performing the abdominal componaits of the pre-eclosion and eclosion 

behaviors (Truman and Endo, 1974). These results indicated that the chain of 

abdominal ganglia contained die information necessary for the generation of the two 
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behaviore as was seen mManduca sexta (T^lor and Truman, 1974). EH in some otiier 

insect like Schistocerca is involved in the pre-ecdysial cuticular softening in which the 

cuticle in stage 3 of ecdysis increases in so^ess, v^ch facilitates its extraction from 

the old cuticle and its rapid expansion to adult size. As suggest by Elliott (1981) the 

timing of tiiis change is consistait with the action of an EH-like factor. 

The eclosion hormone originates in the mid-protoc^ebrum of ^ brain, 

presumably in the median neurosecretory cells, and is transported from there to the 

corpora cardiaca, where it is released into tiie insect's hemolynph. The existence of an 

eclosion-stimulating factor was confirmed by showing that extracts prepared from the 

brain of corpora cardiaca from pharate adult moths caused precocious eclosion of 

Antheraea pernyi motfis (Truman, 1973a). The Antheraea pemyi eclosion assay as 

described is a whole insect bioassay method that is very simple to perform Given 

large numbers of insects, a large numbo- of tests can be done simultaneously. The 

assay utilizes the ability of the eclosion hormone to cause precocious eclosion of 

pharate adults of Antheraea pemyi when injected on tiie last day of pharate adult life, 

when adult developm^t is essentially complete, and when the insects are 'waiting' for 

their normal emergence gate. The Antheraea pemyi bioassay is semi-quantitative in 

that the latent period between injection and subsequent eclosion is reduced when larger 

amounts of hormone are injected. 

Truman (1973c) described the eclosion hormone as acting to 'switch ofiT pupal 

bdiavior patterns, and 'switch on' adult behaviors. Perhaps the eclosion hormone also 

serves to integrate a wide variety of physiological changes with the behavioral events 

of eclosioa The amount of activity that could be recovered from the corpora cardiaca 

precipitously declined at the time of eclosion, su^esting release of material into the 

haemolymph. Moreover, the haemolymph of eclosing moths triggered eclosion when 
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injected into other pharate adults. This can be substantiated by the observation that 

such neurohormone was able to elicit sequence of behavior patterns in the 

differentiated abdominal CNS still within the abdomai (Truman, 1978b). 

Subsequaitly, isolated abdominal CNS preparations were shown to respond to EH by 

generating a complex program of motor activity. Thus, the brained normally triggered 

adult eclosion throu^ the release of eclosion hormone (EH). Few years later, 4ie 

active 'eclosion hormone' from pharate adults was also shown to evoke molting 

behavior in pharate larvae (Copenhaver and Truman, 1982) and pharate pupae 

(Truman et al, 1980) of Manduca sexta, leading to the hypotiiesis that eclosion 

hormone evokes all post- embryonic ecdyses by a direct action on the central nervous 

system (Truman, etal, 1981a, b). 

The eclosion hormone also has a number of o&er effects on the long and short-

term physiology and bdiavior of tiie insects in which it is known to occur. A good 

candidate for the release of preparatory behaviors (a series of vigorous abdominal 

rotations and these movements loosen the attachments between the two cuticles) prior 

to eclosion, is tfie ecdysteriod titre In all insects studied thus far, a marked fall in 

circulating ecdysteriods occurs towards the end of the molt. Thus, the regulation of 

ecdysis was fouiul to be under the influence of ecdysteriods. Once, the developmental 

events such as endocuticle digestion and molting iSuid resorption are accomplished, 

the neuroendocrine system are activated for initiating ecdysis by die decline in 

ecdysteriod litres (Slama, 1980). This decline also renders the insect competent to 

release EH although other factors such as time of day or the attainment of a suitable 

ecdysis perch may also be important The release of EH then triggo^ a series of rather 

stereotyped behaviors including the last stages of the preparatory phase and ecdysis 

itself The eclosion hormone appears to initiate the 'programmed cell death' of the 
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abdominal intersegmental muscles, which are used in eclosion behavior itself, but 

which are useless thereafter (Truman, 1973a). In addition, the eclosion hormone is 

required for the ^pearance of many characteristically adult bdiavior patterns 

(Truman, 1976). 

Other factors Aat play a role in influencing cuticle extensibility as in Rhodnius, 

is a material released from pmpheral nerve endings that has local effect on nearby 

cuticle to cause plasticization during blood meal (Maddrell, 1966). Around the time of 

ecdysis, bursicon has a marked effect on cuticle extensibility. This action is well-

docum^ted as a preparation for the post ecdysial expansion of Ae cuticle in newly 

e m e r ^ blowflies (Cottrell, 1962a, b, c; ReytK)lds, 1976). InManduca, bursicon also 

causes a marked plasticization of the wings of freshly ecdysed motiis (Reynolds, 

1977). The changes in wing extensibility induced by bursicon differ from ibose caused 

by EH in that the efFecte of the former are transient and are followed by stiffening of 

the wing as tanning takes place, whereas those produced by the later are stable and 

persist for a number of houre. The respective roles of bursicon and EH in the control of 

cuticle extensibility during ecdysis b^in with softening of the wing in response to EH 

and this aids in removal of the wing from its sheath of pupal cuticle Although more 

extensible than it was, the mng is still stiff enou^ to withstand the stresses and 

abrasions that resuh from the movements. After the insect has attained a wing 

expansion site, bursicon is then released, which causes a second stage of wing 

softening. This second increase in extensibility is presumably a necessary aid for the 

expansion of the wings by hemolymph pressure. The effect of bursicon is transioit, 

and is followed by the hard^ng of the wing in its adult shape (Reynolds etal., 1979). 

Based on the ability of the extracts obtained from tl^ precise time of 

devdopmental stage of the insect to cause eclosion bdiavior in the test insect, a 
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number of bioassays have beai employed to quantify eclosion hormone activity in 

tissue or hemolymph samples especially in lepidopteran insects, viz. Antheraea pernyi 

(Truman, 1973a; Truman et al, 1980) and Hyahphora cecropia (Truman and 

Riddiford, 1970; Truman, et al., 1981b) and in a sphingid moth, Manduca Sexta 

(Reynolds and Truman, 1980; Reynolds, 1980a, 1980b; Copenhaver and Truman, 

1982). Subsequently, the assays developed measured tiie ability of extracts to cause 

precocious eclosion in pharate adult insects. The activity brought about as a result of 

application of the extracts was quantified and expressed in terms of units, with one EH 

unit defined as the amount of biological activity present in the corpora cardiaca of a 

pharate adult Manduca sexta (Reynolds and Truman, 1980). These insects were very 

convenient to use because their normal time of eclosion was quite predictable. 

The iK>n- bdiavioral bioassay for the involvement of EH in altering cuticle 

extensibility was based on the ability of the eclosion hormone to cause an increase in 

the extmsibility of the wing cuticle of pharate adult Manduca Sexta while the moth is 

still enclosed within the pupal case (Reynolds, 1977). Gaierally in insects, before 

emergence all of the adult cuticle has assumed their final dimensions and has 

hardened, with the exception of the wings. Reynolds isolated wings that had not been 

exposed to ecdysones and u^ected with EH extract (obtained fi-om pre eclosed pharate 

adults) into the wings through wing venation. He observed tiiat such injections would 

cause extensibility in wings afier subjecting to load. Va& assay is generally used in 

pupal ecdysis because of its high sensitivity, ease of acconq>lishment and absence of 

&lse-positives. Further, the isolated wings require small amount of injected materials 

(5-10 nl). However, this assay cannot be used when samples contain bursicon since the 

latter peptide causes Ae wings to tan, thereby rendering them inextensible. Hie new 

cuticle formed during a molt is typically larger flian that of the preceding stage. In 
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many cases it expands to its ^propriate size as the insect is extricating itself from the 

old cuticle. The expansion of some of the cuticular structures may aid in the rupturing 

of the overlying exuvimn. This process of cuticular expansion is facilitated by 

changes, in the mechanical properties of the cuticle which make it more extensible 

(Reynolds, 1980b). The isolated wing is very sensitive to EH and saves as a r^id, 

sensitive bioassay for EH activity. In this bioassay the effect of tiie eclosion hormone 

is indepaidait of tiie CNS, and althou^ much evidence suggests that the active factor 

causing plasticization is indeed identical with the eclosion hormone, &e possibility 

that the wing plasticizing factor might ultimately prove to be distinct from tiie eclosion 

hormone. 

Hius, based on the works emansang from earlier studies, it is proposed to 

demonstrate the effect of pre-eclose extracts of pharate adults on extaisibility of wrings 

in Philosamia ricini in line with the method described by Reynolds (1977). The study 

will also brought about into Ught the presume time of eclosion hormone release based 

on tiie bdiavioral evaits underlying eclosion processes. 
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MATERIALS AND METHODS 

1. Assessment of bdiavioral patterns of preparatory phase and eclosion 

process: 

Philosamia ricini silkworms maintained at the Sericulture farm, Nongpoh were 

used for the experiment. Larvae were brought to the laboratory and reared on fresh 

castor leaves {Ricinus communis). Developing 5* instar larvae were kept under natural 

lAotoperiod of 13L: 12D at 25±2''C and 75±5% RH until adult emergence. Post-

feeding larvae were restaged and their ages were given in days after spinning. 

The time following spinning until adult emergaice was recorded by 

observation for all the behavioral changes that took place. The recognizable pre-

eclosion behavioral patterns or preparatory phase particularly potaining to a series of 

vigorous abdominal rotations (as these movements loosen the attachments betwem tiie 

two cuticles), developmaital markers such as the darkening of the metathoradc bars 

(the latter serve to split the exuvium during ecdysis), digestion of endocuticle and 

resorption of molting fluid which raiders the eclosing pupa conq)aratively dry in 

appearance were given due importance during observation (Jungreis, 1979). 

To faciUtate spinning, larvae, shortly after wandering phase, were placed in a 

bamboo made mountage or 'Chandraki' of desirable diameter, a device used 

commonly in Eri culture. 

2. Selection of test insects and preparation of edosion iiormone extracts for 

injection: 

Based on the bdiavioral patterns during preparatory phase as described, last 

day i.e. 25 days old after spinning pharate adults were selected for extraction of EH. It 

is worth noting that in all Satumiid silk moths, viz. Antheraea pemyi and Hyalophora 

92 



cecropia the presumed time of EH release occurs at about 1 hr or more before eclosion 

(Truman, 1971; 1973c). Hence, considering the closeness of Philosamia ricini to 

Antheraea pemyi and Hyalophora cecropia (Peigler & Naumann, 2003) and the fact 

that eclosion occurring at 15:00 hr (by observation) of flie last day of adult 

development, the test insects for extraction were chosen at 14:00 hr or 1 hr less before 

normal eclosion, so that in all probability there is presence of EH in the extracts. 

Release of eclosion hormone presumably does not occur under our condition until 

14:00 hr or later of the last day developing pharate adult stage. This precise timing is 

essential for the success of the experiments. Reynolds et al (1979) reported that in 

Manduca sexta, isolated wings before Ihr of normal eclosion are capable of 

responding to eclosion hormone exogenously. Wift slight modification so as to make 

sure that the wings are not yet expose to EH, Ae forewings are isolated from the 

pharate adult at about 13:00hr i.e. 2 hr before normal eclosion and subsequmtly kept 

in damp filter paper in a petri dish (Fig. 27). 

Haemolymph samples (50 fxl) of the last d ^ pharate adult were collected from 

the incisions made in the dorso-lateral side of abdomea The samples were stored at -

20°C until flie time of its usage. The extracted materials were homogenized and diluted 

with Ringer's solution to make concentrations in such a way that each \0 \x\ solution 

contain 5^1,10 jil, 15 ̂ 1,20^1,25 \i\ and 30^1 of designated EH extracts. 

Wings are then injected with the 10 ^l solution of different concentrations of 

extracts into the sub-costa and gripping the vein with forceps proximal to the injection 

site to prevent leakage from the cut ends of the veins, at the wing articulation. The 

contralateral wings that are injected with Ringer's solution alone served as control. 

After injection, the wings are incubated in room temperature in a nK>ist chamber for 

60-90 minutes. After incubation, the extensibility of the test wings are assessed by 
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stretdiing them under load using a 3 gm load (in the form of a small 'bulldog clamp'. 

Measurements are taken after 3 min. and the effects of fte test solutions on cuticle 

extensibility are expressed as the difference between the test wing to that of a paired, 

contralataral, control wing, which has been injected viiih Ringer's solution alone, and 

v^ch was tested at ike same time as the expenmental wing. Ava'age scores of above 

0.5 mm extensibility were considered indicative of hormone activity when based on 4-

5 determinations as described by R^oiolds and Truman (1980) (Fig. 26). 
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RESULT 

1. The course of behavioral processes underlying edosion: 

The time taken for complete development since spinning was 25 days. Prior to 

eclosion there are certain development markers showing sign of maturation for 

edosion. Eclosion was observed to be confmed to a specific time of day occurring at 

about 15:00 hr and continuing upto 18:00 hr on day 25 after spinning. Ecdysis 

bdiavior starts at around 13:00 hr and the developmental events sudi as endocuticle 

digestion and molting fluid resorption are well acconq)lished before the 14:00 hr of the 

last day. Ecdysis processes in Philosamia hcini was preceded by various prq)aratory 

behaviors, which anchor the old cuticle to die substrate and loosen the attachments 

betweoi the old and new cuticles. 

In tiie present study, three major phases on the basis of movements during 

ecdysis were classified as r^orted by Truman (1985). These movements begin much 

earlier tiian the eclosion event itself starting wiUi the preparatory phase, ecdysial phase 

and post-ecdysial phase. In all cases the m^or movements involved in shedding of Ae 

old cuticle are liiythmic peristaltic waves, which push the exuvium posteriorly along 

the insect. The peristaltic waves are often co-ordinated with various specialized 

movements, which withdraw fte appendages from their sheath of old cuticle as 

described below: 

a Preparatory phase: 

The preparatory phase can be easily distinguished, M^ch last about 1 hour and 

consists of 20 min period of frequent bouts of rotary movements of the abdomai 

followed by a 25-30 min of quite phase. Air swallowing in order to aid expansion of 

new cuticle may probably taken place later. The pr^aratory phase is typically quite 

flexible and can be easily disrupted by disturbance to fte insect. 
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b. Ecdysial phase: 

The brfiaviors diown during the ecdysial phase are quite rigid and stereotyped. 

They begin with bdiaviors, vMch eventually result in tiie rupture of the exuvium. 

During this pedod ihythmic abdominal peristaltic waves resulted in its termination in 

tfie thorax and the movement of the exuvium back along the abdomen freed tiie legs 

and antennae. The ecdysial phase ends when the insect pulls free from the old cuticle. 

Some e)q)ansion of the new cuticle may occur during this time as an aid to ecdysis. 

Once ecdysial phase is initiated, the insect is committed to cony)leting the behavior. 

c. Post-ecdysial phase: 

The insect during post-ecdysial phase generally seeked an appropriate site for 

cuticular ê q ânsion and then exhibit the various behaviors necessary to inflate any 

unexpanded new cuticle to its proper dimensions through vigorous shrugging of the 

wing bases. Hardaiing and darkening of the cuticle begins shortly after wing 

expansion. 

2. Effect of EH-extracts on wuig extensibility: 

After incubation of 60-90min, the extensibility of the test wings are assessed by 

stretching them under load using a 3 gm load after 3 n m Ths first indication of wing 

extensibility was observed for those injected with S ^1, but only those wings injected 

with 10 fil wtoch showed expansion of 0.85±0.020mm were taken into account for 

measurement Wings injected with lower concentration of 5 ^1 showed extension of 

0.375±0.032mm and were not takai as indicative of EH activity since it cannot attain 

the minimum expansion of O.Smm. When the wings are injected by raising the 

concentrations by 5 jil from 10 ̂ 1 to 15 ^1,20 ^1,25 ^1 and 30 ^1 there was increase of 

wing expansion by 1.725±0.314mm, 2.95±0.064mm, 3.862±0.062mm and 
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4.412±0.071nim respectively at each concentration. The increase is exponoitial with 

30 ^1 showing maximum increase of 4.412±0.071mm (Table. 6 and Fig. 28) 

Expressing the increase in extensibility in term of percaitage, we observed tfiat 

>\iKn concentration was increased from S^l to 10 ^1, the isolated wings showed an 

inaease of 129.72%. However, on raising the concentrations from 10 \il to 15 \il 

reducing value of 102.30% was obtained. Further, increased of 15 \ii to 20 nl, 20 \x\ to 

25 nl and 25 ^1 to 30 \d in concentration of EH extracts lowered wings extension to 

71.51%, 30.84%, 14.24% respectively (Table. 7). 
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DISCUSSION 

1. Time of eclosion (adult emergence): 

An impressive feature of ecdysis is that it oftai occurs during a precise period 

of the day. In all the insects that have been thorou^y investigated, the timing of adult 

emergence/eclosion seemed to be under tfie influence of light. Most of the eclosion 

processes in insects occurred during the photophase period even under variable 

photoperiod regimens. Further, the timing of adult emergence although occurring 

during the photophase, can take place at variable times during the day and this can 

vary from species to species and e\en in tiie same species as wdl. InAntheraeapemyi, 

the normal emergence gate occurs from 11-15 hours after lights-on in a long day 

condition of 17L: 7D photoperiod (Truman, 1973c). Under the same condition, normal 

eclosion in Hyalophora cecropia begins about 1 hour after li^ts-on, which suggest 

that the release of hormone probably was triggered by exposure to light (Truman, 

1971). Whereas, inManduca sexta (a sphmgjd) reared under 12L: 12D photoperiod, 

the release of eclosion hormone begins after 20 hours i.e. 8 hours after lights-on 

(Reynolds, 1977). 

In the present study, taking into consideration the importance of correct 

assessment of the development stages, emergence of adult from pupal case under 

natural photop^od condition of 13L: IID occurred during the photophase period 

beginning at 15:00 hours and continuing till 18:00 hours or later at the last day of aduh 

devdopm^. Consist^tly, eclosion starts quite late in die cool afternoon period \^en 

the light v/as comparatively reduced preferably under shade. This timing of eclosion 

was observed to occur at about 10:00 hours after lights-on. It was also observed that, 

adult eclosion in Philosamia ricini followed ^ same pattern as tfiat of other Satumiid 

insects in that last day pupal development was restricted within a time frame or gating 
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during precise period of the day, if the pupa completes development while the gate is 

open, ecdysis can occur during the same day. By contrast, if development is completed 

after the gate (after 15:00hr) has shut, tiie insect must wait until the opening of the gate 

on the next day so tiiat ecdysis can occur within the time frame of 15 hr-18hr (Fig. 27). 

The eclosion of Ae adult of many insects, including Manduca and the giant silkmoths, 

shows gating to that of Drosophila (Truman, 1971, 1978a; Truman and Riddiford, 

1970; Hughes, 1980). In the satumiid moths of Antheraea pemyi and Hyalophora 

cecropia, adult eclosion is restricted to gates that occur at specific times of day 

(Truman, 1971). This is especially dramatic in tiie synchronous 'hatches' of mayflies 

and other aquatic insects (Truman et al, 1981b). In many of these ecdyses there is 

clear evidence that the restriction of the bdiavior to a precise temporal gate is 

controlled by circadian clock. The occurrence of pupal ecdysis is non-gated in 

Manduca and can be accurately predicted by the appearance of various developmental 

markers such as the darkening of the metathoracic dorsal bars that later serve to split 

the exuvium during ecdysis (Truman et al, 1980). Once dorsal bars appear, pupal 

ecdysis begins irrespective of time of day or night. The brain does not only regulate 

the time of adult eclosion; it also contains the endocrine trigger for this bdiavior. Thus 

ecdysis may be controlled in at least two different ways. In fte non-gated pattern, 

ecdysis occurs at constant time after the initiation of the molt by PTTH and 

ecdysteriods (Truman et al, 1983). By contrast, in gated ecdyses the insects may be 

forced to wait until a certain time of day to ecdyse, even though their developmait is 

apparently con^leted. 

2. Rdease of eclosion hormone: 

The eclosion homK)ne as described originates in the mid-protocerebrum of the 

brain, presumably in the median neurosecretory cells, and is transported from there to 
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the corpora cardiaca, where it is released into the insect's hanolymph (Truman, 

1973c). 

The timing of release of eclosion hormone from corpora cardiaca to 

haemolymph in bringing about final eclosion of adult is variable in different insects. In 

Manduca sexta, vAvexe the time of release has beai specifically investigated, the 

hormone is massively released into the haemolymph during a very short period (< 20 

min) at about 2.5-3 hours prior to eclosion event (Reynolds et. al, 1979). In 

Hyalophora cecropia release into the haemolymph would ^pear from indirect 

evidoice to take place about 1 hour before the beginning recognizable eclosion 

behavior (Truman, 1971). Whereas in Antheraea pernyi, the release of EH into tiie 

haemolymph was a little more than an hoiu" (Truman, 1973a). 

In the present study, considering the timing of eclosion commencing at 15:00 

hours of the last day of adult development and taking into consideration the fact that 

the release of edosion hormone in its close relative insects (at least for Hyalophora 

cecropia and Antheraea pernyi) occurring in less tfian 2 hours before eclosion, the 

release of EH in Philosamia ricini in all probability may occur at around the same time 

i.e. 14:00 hours period before adult emergence assimiing adult eclosion in Philosamia 

ricini following the same pattern of hormonal release as did the other satumiid moths. 

Thus, extracts from brain-corpora cardiaca complex for obtaining EH were prepared 

around 1 hour before normal eclosion so as to avoid false positive interference of other 

factors viz. material release from peripheral nerve endings (Maddrell, 1%6) and 

bursicon (Cottrdl, 1962b; Reynolds, 1976). 

The present study anployed extracts obtained only from the brain-corpora 

cardiaca as desoibed, altiiou^ EH can be released either from centers in the head or 

from sites in the chain of ventral ganglia However, our study '^ conSmeA only to adult 
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eclosion and it would be worth noting that EH release occurs from the brain-corpora 

cardiaca axis in adult ecdysis and from the ventral ganglia for pupal ecdysis and for all 

of tiie larval ecdysis (Truman, 1985). Interestingly, in pharate larvae and pupae no 

activity was detectable in the corpora cardiaca (Taghert et ai, 1980; Copenhaver and 

Truman, 1982). The amount of activity lost from the corpora cardiaca was about 0.7 

units, an amount consistent v^th the dosage of EH that must be injected into a pharate 

adult Manduca in order to induce precocious eclosion. The ventral ganglia, the other 

site of EH storage in the pharate adult - show no loss of stored activity at the time of 

adult eclosion and therefore appear to make no contribution to the circulating EH 

(Truman et al, 1981a). On the other hand, marked depletion of 40-70% of tiie stored 

activity at the time of ecdysis suggests a release of the matCTial ralho* than 

degeneration of hormone in the axon (Truman et al, 1981b). The release hypothesis 

was supported by the fact that measuremoits during adult, piq}al and fifth instar larval 

ecdyses showed the s^pearance of EH activity in the haemolymph at the time of the 

d^l^ons (Reynolds, et al, 1979; Truman, et al, 1981b; Copenhaver and Tj^^Boepf .. 

3. Effect of eclosion extracts on wing extensibility: | ^} p^,, 

In the present study, although injection with lowest dose of S ^ n ^ w e d an 
' v ^ --, .---

increase of 0.37±0.0323mm of wing extensibility, Aey are not considered as indieatovf,,-^"^* 

of having EH activity since expansion of wings cannot attain the 0.5 mm minimum 

response as suggested by Reynolds (1977). Haice Ae results are discarded off. In 

Hyalophora cecropia, the lowest consistaicy dose of purified EH that can trigger a 

stereotyped edosion bdiavioral response in isolated abdom^ was 0.72 jig (Reynolds 

and Truman, 1980). The same purified hormone with lowest concentration of 

120n^ml can trigger the performance of a normal sequence of eclosion behavior w^en 
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present in the saline, bathing tiie completely isolated H. cecropia abdominal CNS 

(Truman, 1978a). Furttier, in Manduca sexta it was reported tiiat 5ng of purified EH 

material elicited an avwage wing score of 1.00 mm (Reynolds and Truman, 1980). It 

can thus be observed that there are differences in tiie concentration of EH materials for 

bringing about elicitation of certain eclosion behavioral response even within the same 

species and in ofter species as well. The present study confirms the suggestion of 

R^Tiolds and Truman (1980) tiiat the various biological activities attributed to 

eclosion hormone on the basis of experiments with unpurified extracts of nervous 

tissue are in fact, due to tiie action of a single neurohormone raflier tiian a con^lex of 

hormones. 

In the present experiment, it was observed Aat inaease in concentration of 

extracts at each injection, reduces Ae wing extensibility if counted fi'om the last 

attained expansion (Table. 7). These patterns of reduced wing extensibility ejqjressed 

on the basis of last wing e^ansion attained at a particular concentration, may be due 

to the interference of bureicon, the tanning hormone, yMc\i hardm and sclerotyized 

tiie newly formed cuticle. The release of bursicon was shown to be associated with 

ecdysis in all insects that have beoi studied (C^ttrell, l%2a; Fraenkel and Hsiao, 

1%2; Reynolds, 198S). In many cases such as in Leucophaea manderae (Srivastava 

and Hopkins, 1975) and Schistocerca gregaria (Padgham, 1976a, b), release may 

occur at or soon ader tbe splitting of the old cuticle. The otber instances are typified by 

Calliphora erythrocephala (Fraenkel, 1935; Fraaikel and Hsiao, 1962) mA Manduca 

sexta (Truman, 1973b) it may be delayed for a varying period after ecdysis until tiie 

insect reaches a site suitable for cuticle expansion and tanning. This association of 

bursicon release with ecdysis suggest an involvement of EH in the control of the 

former. 
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It may be mmtioned that hardening or stiffening of cuticle is a process which 

mean that the cuticle becomes less extensible. This irreversibility of sclerotization 

implies that its timing (eclosion) must be very carefully controlled (Seligman, 1980). 

In accordance with the suggestion made by Reynolds (1985), in the presait 

experiment, the process thought to be governed by bursicon in reducing wing 

extensibility from 129.72% to 14.24% irrespective of doses, does not begin too soon 

after ecdysis as this would prevent the attainment of the new cuticle's proper shape, 

and might event prevent ecdysis altogether. 

In the present study, the doses at which the extracts elicited wing expansion 

were quite h i ^ in comparison to earlier observations performed by different workers. 

It is worth mentioning that purified EH are obtained after complex isolation and 

purification processes using highly sensitive sophisticated instruments (R^nolds and 

Truman, 1980). They are free of impurities and very stable. Administration of such 

purified substance usually resulted in prompt response by target tissues even in minute 

quantity. In contrast, the present study used EH mataials obtained direcdy from 

unpurified extracts in accordance with the suggestion of Truman (1973c) and fte 

expoiments may be considered more or less qualitative. Furtiier, it is highly attributed 

that the hi^er requirement of doses for eUcitation of eclosion behavior may be due to 

the presence of oA^ biological substances embedded with EH so that the potency of 

the extracts is reduced considerably. The differences in dosages for inducing wing 

expansion may also be derived probably due to the hormone being d^aded r^idly 

after injection Once in the hemolymph, the eclosion hormone has a rather brief 

existence, bdng rapidly eliminated from the blood, presumably by enzymatic activity. 

In Manduca, the half-life of the hormone is about 45 min (Reynolds et al. 1979). This 

is entirely in keeping with tfie postulated "trigger" role of the eclosion hormone in 
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initiating behavioral and othw changes (Truman, 1978a). Intwestingjy, its tissues 

appear to be insensitive to ttie eclosion hormone except at times close to the normal 

time of release. Inv4. pemyi, behavioral responses to the eclosion hormone first occur 

only during the penultimate day of adult development. In Manduca, the situation is 

even more extreme; responsiveness to the eclosion hormone is not seen in eitiier the 

CNS or in the wing epidermis until about 4 hour before the homK>ne's normal time of 

release (Reynolds et al. 1979). In this latter case, the developmrait of hormonal 

responsiveness is rather precisely timed. 
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Fig. 26. Wing assay method (Reynolds, 1977) 
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Fig 27. Last two days aduh devdopment in Pbilosaaiia ricmi 
showing timing of edosion (ydlow bar) under natural 
photc^eriod of i3L: UD. The time of wing isolation and 
selection of insects for EH extraction are also shown in 
arrows. 
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FigJS. ExtNisibility of wings after treatment wifli differwit concentrations of EH 
extracts of pharate adult PhUosamia ridnl 
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Table. 6. Effect of different concentratioBsof £H extracts on 
extensifoiHt|rofisolated wings ofpharateadaU: of P^i^aifffand/ii 

SI. 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Concmtratioiis 

Control 

5|il 

10 pi 

15 ja 

20 ja 

25^1 

30 jU 

ExtensibiUty (mm) 
MeaniSE 

0.175db0.032a 

0.375±0.032 b 

0,S5±0.020 c 

1.725±0.314d 

2.95±0.064 e 

3.862±0.062f 

4.412±0.07l g 

Noti:AtOJD6 Itvtl ItM imtra vt tianncanliy dM̂ rtm. 
F^ wtt) eoRimon ilplMlMt 40M not dnr tionMcanSy. 
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Tabie.7. Gained in extensibility of isolated wing of PhUosama 
ricim on raising concentration by 5 |U. 

Results wre expressed as mean *SEM. wA 

SI. 
No. 

1. 

2. 

3. 

4. 

5. 

Raisiiigconc. by Spi 

Froan 

5M1 

10 {il 

15 jU 

20 la 

25 fd 

lb 

iO|a 

15 Ml 

20 Id 

25^1 

30 jU 

Gain in 
exiensi}»lity 

(nun) 

0.4&40.026 

0.87540.167 

1.225*0.189 

0.876b0.063 

0.55±0,067 

Gain in 
extensit»lit>' 

(%) 

129.72 

102.3 

71.50 

30.84 

14,24 
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CHAPTER-5 

INTRODUCTION 

The prq)aration for molting in insect is accompanied by a 50 to 1900% 

increase in oxygen consumption by the whole animal (Poulsen, 1935; Nyst, 1941; 

Scudamore; 1947; Edwards, 1950, 1953; Schneiderman, 1952; Bliss, 1953; 

Schneiderman and Williams, 1953), vMch means that the metabolism of some or all of 

the tissues is vastiy increased. In Gecarcinus lateralis oxygai consumption of tiie 

integumentary tissues increases during exocuticle formation before ecdysis (Skinner 

1962). 

All the studies concerning the effects of the activation hormone (PTTH) on 

respiratory metabolism confirm that it has a stimulatory effect on OTQ̂ gen consunption 

of whole body or isolated body parts (Thomsen, 1949; Slama, 1965; MiiJcs, 1967). 

Removal of the source of AH, i.e. neurosecretory cells or corpora cardiaca usually 

result in ihs decreased metabolic rate. In particular the most effected metaboUc 

functions are directly or indirectly assodated with food di^stion and utilization 

(Minks, 1967; Slama, 1964). Slama (1960) has therefore recognized three components 

in the respiratory metaboUsm of adult Pyrrhocoris females, each component having a 

characteristic response to hormones, (i.) basal cellular metabolism which occurs after 

removal of all the known neuroendocrine centas or in di^ause; (ii.) digestive 

metabolism which is dependent on AH (PTTH); (iii.) rq)roductive metabolism which 

is dependant on the corpora allatum hormone and growtti of the ovaries in aduh 

females. The last two examples of hormone stimulated respiratory activity can occur 

independfflitly. Thus, tfie ova-all metabolism of an active female is controlled by the 

simultaneous coopaation of hormones; the CAH regulata; metabolism in tissues 

associated with reproductive functions, whereas the AH regulates metabolism in 
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tissues associated wift trophic activity. Removal of the corpora cardiaca from larvae 

cause a deaease in respiratory metabolism to a low level, while removal of the corpora 

allata had a relatively minor effect on respiration (Slama, 1965). Removal of the 

prothoracic glands from larvae of Pyrrhocoris does not inhibit dig^ive metabolism 

but after prolonged periods during whidi ecdysis does not occur there is a continuous 

decrease in respiratory rate due to hypertrophy of the body and limits. The FTTH is 

also known to stimulate corpora cardiaca for ecdysteriod secretion and this enhances 

respiratory metabolism of the whole body (Nijhout, 1994). 

Each of the developmmtal cycles in insects (larval or pupal molt cycles, 

reproduction cycles in females) are characterized by distinctive changes in respiratory 

metabolism. Cyclic changes in oxygen consimiption during larval instars and Ae U-

shaped course of oxygen consumption in pupae has long been known (Slama, 1960). 

During the poiod of int»]sive diffo-entiation fbere occurs a U-sh^ed decrease of 

metabolic rate, ^^iudl is common to metamorphosis in the Endopterygotes. In the 

initial p^od of intensive growth at the beginning of an instar the presence or absence 

of JH has little effect on the respiratory rate (Slama, 1965; Slama and Williams, 1%5). 

In an earlier p^er Slama (1964) showed that the respiratory rate in females of 

Pyrhocoris is cychcal, increasing amid decreaang periodically in close connection 

wift the cycles of reproduction and oviposition The cycles dis^pear after tiie corpus 

allatum or ttie ovaries are removed; the females then maintain a constant intermediate 

rate of respiration When the c&iten oigaged in the release of the activation hormone 

(i.e., the neurosecretory cells of fte brain or the corpora cardiaca) are also removed, 

die postonergence growA of the females is suppressed and the respiration rate 

decreases to the level characteristic of diapause. 
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From these results it is evident that the removal of the corpus alatum has little 

efifect on the respiratory metabolism of Pyrrhocoris males. This contrasts with the 

situation in females, where allatectomy considerably depresses the rate of respiration 

(Slama and Hrubesova, 1%3). 

An increase in JH tit©- in the haemolymph of adult insects, specially females 

is followed by an increase in respiratory metabolism. Conversely, for example 

allectomized females have a lower rate of oxygen consumption. This has beoi 

demonstrated in such different groups as diptera (Slama and Hmbersova, 1963), 

hemiptwa (Slama, 1964) and dictyoptaa (Sag^sCT, 1960). However, it has become 

apparent tiiat JH has no general metabolic effect but influences metaboUsm indirectly 

by afifecting growth and physiological functions of certain organs or tissues (Slama, 

1964,1965). 

In vivo measur^naits of oxygen consunq)tion in Lepidopteran pupae injected 

with Cecropia extracts showed certain deviation from a common U-Sheq)ed course of 

Ae respiratory curves, w4iich normally occur in metamorphosis of all Endopterygotes. 

For example, there occurred a slight acceleration in the rise of respiration 

corresponding to the right hand part of Ae U-shaped curve, but no basic differences 

were found. Quite similar results are observed in Tenebrto pupae with 

famesylmethylether treatment. Here the U-sh^ed decUne of the respiratory curves did 

not readi the bottom values r ^ t e r ed in the control group. It was suggested that there 

is possible similarities between these effects and those found by Slama (1965) after 

CA implantations in metamorphosis of Hemipt»a exist. 

The rate of oxygen consumption in differait insects and even in the same 

species are variable during various development cycle which often led to conflict 

int^retation among differait workers. There are many factors which are directly 
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unrelated to endocrinology that influence oxygm consumption in insects. It is clear 

tfiat oxygen consumption and total metabolism in general in insects are governed by 

factors sudi as environment, physiology, food, body size, muscle work, water and 

other extanal influences. In these lines, it will be important to note the worics of 

various audiors on the oxygen metabolism in different insects. 

Bartholomew and Lighton (1985) reported that in cockroach, Blaberus 

gigantus (mean mass 4.33± 0.81g) the rate of ojg'gen consumption was 0.160 ml O2/ 

g/h (±0.02 s.d., N=5) when motionless. Similarly, Phillipson and Watson (1%5) 

reported tiie respiratory metabolism of tiie terrestrial isopod, Oniscus asellus and 

oxygen consumption of single mosqmtoes was measured using a differential pressure 

transducer (DPT) (Gaoussou, et al, 1999). Kemp, et al. (2004) also reported the effect 

of temperature on oxygen consumption during the life cycle of the prepupa-wintering 

bee, Megachile rotundata (F) and the adult-wintaing bee, Osmia lignaria Say 

(Hymenoptera: Megadiilidae). Stusek, et al, (2000) reported the possibility of 

detecting the presence of wood-boring insects in wood by measuring the oxygen 

consumption between diffa'ent spedes as well as between adults and larvae of one 

species in different environmoital conditions. 

Danks (1987) used individual respiratory rate measurements to specify the 

physiological status of the larvae, because it is known that oxygen consumption is 

lower during diapause than during development. The design of the respirometer was 

similar to that used by Slama (1984). In flie chestnut weevil, Curculio elephas 

Gyllenhal (Coleoptera: Curculionidae), witii larval diapause, as in the Colorado potato 

beetle with imaginal diapause (Ushatinskaya, 1978), oxygen consumption is lower 

during a prolonged diapause than during the winter di^ause. However, in contrast to 
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Ushatinskaya's statement, the cumulative energy consumption during prolonged 

dic^ause is high, which is compaisated-for by extra lipid reserves in the larvae. 

In the alien pest beetle, Alphitobius diaperinus (Panzer) (Coleoptera: 

Tenebrionidae), oxygen consumption ranges from 0.5 nmol/g fresh mass (FM)/h at 12 

"C to 3.4 junol/g FM/h at 24 T . At 12 T , oxygen consumption decreased 

continuously during an entire period of starvation. However, at 16, 20 and 24 °C, 

beetles display a marked hyperactivity that leads to an increase in the oxygen 

consumption level during the first week of starvation, followed by a steep decrease 

until the aid of the starvation period. O^^gai consun^tion eitho' does not decline in 

fed beetles (observed at higher temperatures) or declines at a much shallow^- rate than 

in starved beedes (observed at cooler tonpo-atures) (Reaiault etal, 2003). 

The oxygen consumption rates of inactive male house crickets, Acheta 

domesticus L. (Orttioptera: Gtyllidae), increased with male body mass at a rate similar 

to tiiat found in other studies of insect aerobic metabolism (Hack, 1997). 

Low metabolism is a primary index of diapause in insects. In the boll weevil, 

Anrhonomus grandis grandis Boheman, the rates of oxygen (O2) consumption and 

carbon dioxide (CO2) production are lower in diapausing than rq)roductive insects. 

Respiration was more variable in reproductive than di^ausing adults probably 

because of diffo-ences in reproductive rates among individuals and a greato" capacity 

for these adults to respond to changing environments. Adult feeding on boUs did not 

influence respiration (Wagner and Villavaso, 1999). 

In Drosophila mekmogaster oxygen consumption remains relatively constant 

over tiie m^ority of the life span of each line of flies, aerobic efiBciaicy dechnes witii 

advancing age. This loss of aerobic efficiency manifests itself as a decline in total body 

met^>olism as measured by heat production, and appears to be associated with an age-
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specific inaease in damage inflicted upon mitodiondria by oxygen fi-ee radicals (Ross, 

2005). 

Working on the larvae of Rhodnius, ZwiclQ' & Wigglesworfli (1956) correlated 

the cytological changes that take place in the epidermis at various times after feeding 

during die moulting cycle v/iih die rate of oxygen consumption and concluded that die 

latter largely represents die rate of proton synthesis during growdi and development. 

Other studies on Rhodnius prolixus larvae in wiiich moulting has ddier beoi inhibited 

or tonporanly arrested by heat-treatment lend support to diis theory (Okasha, 1968 a, 

b/ 

The metabolic rate of an organism can be estimated fi'om the food 

consumption, die aiergy released as heat, or die amount of oxygen used in oxidation 

processes to obtain the oiergy. All diree mediods can be employed, but diey are not 

equally satisfactory. However, the determination of 05q?gen by estimation from die 

amount of ojQ ĝen used in oxidation processes to obtain the energy is technically easy, 

gives good results, and, in fact has been used so mudi that when m^abolic rate is 

mentioned, it usually means rate of oxygen consumption (Schmit-Neilsen, 1961). The 

oxygen consun^tion using the above m ^ o d is also the most satisfied mediod for 

determining the metabolic rate of pupae (La Due, 1964). During this phase die 

metabolic rate falls during die eaily stages and rises during die latter part of the phase. 
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MATERIALS AND METHODS 

Larvae were collected from Sericulture Farm, Govt of M e ^ a y a , Nongpoh 

and were raised in the Laboratory with Ricinus communis (Castor), Ifaeir usual food 

pljffit The effect of JH-III, 20-hydro>yecdysone and cAMP on the oxygen 

consumption of ^ test insects in course of tfadr developmoit, were determined by 

injection of tiie test materials wift tiiree concentrations each primed as follows. 

Ii^ections woe given only to those larvae uiiidi had just ecdysed to 4 and 5 instars. 

Tlie 20-hydroxyecdysone (Sigma Chonical Ltd., USA) hormone was dissolved 

in 10% m f̂aaiK>l and the hormone concentration was adjusted to l)ig, O.Sfig and 

0.25Hg. In case of synthetic Juvaiile hormone-III (sigma Chemical Ltd., USA) and 

Cyclic AMP (sigma Chemical Ltd., USA) the solvent used was 10% acetone and 

Ringer's solution (ph 7). The conc^trations were adjusted in the same way as that of 

20-ltydro3Q^ecdysone. Ii^ections wwe given with a dose of 10 ^1/insect of Ae three 

concentrations of eadi solution on the very first djQr of tiie 4*'' and 5^ instars 

respectively. The control insects received 10 ^l each of 10% methanol, 10% acetone 

and Ringer solution ^ H 7) respectively. Prior to iiyection, the larvae are k^ t in 

refrigerator for 3-S min in low temperature to make thran slig^y immobile for easy 

operation. After injections Ae wound that occurred during injecticm were sealed with 

moltai wax to prev^it leakage of haemolymph Oxygen consumption of the larvae 

w^e recorded daily at ^propriate time in course of their developmoit 

The mediod described by Schmidt-Netlsen (1961) for the det^mination of 

oxygen consumption in which he employed for flie ô Q̂ gen consunq>tion in rats was 

followed with some modifications. Information on the methods and selection of 

e}q)aimental subjects was also obtained orally from Prof B. Kharbuli and Prof. B. B. 

Giq)la, Dept. of Zoology, NEHU, ShiUong, Meghalaya 
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A sinq}le ^paratus was assembled and the equipmait included glass bottles, 

one-bole rubber stoppers, copper wire mesh, NaOH crystal pdlets and graduated 

pipettes (Fig. 29). The NaOH pellets, >̂ Wch were used to absorb the CO2 expired by 

the larvae, w^e kept inside &e bottles and cov^ed with copper wire mesh in such a 

way diat it did not come in contact witii the experimenting larvae during experimoits. 

The botdes were then placed in an insulated campers ice box to keep the tonperature 

ccmstant A sheet of glass was then placed over the top of the box to oisure these 

conditi<»s, and the readings were done through the glass. The temperature inside tiie 

box was 25X ± 2 at all times. 

During measuronent, the botUes were placed in a slanting position so that tiie 

NaOH was hdd into one comer of ibe bottom of the botde and the copper wire mesh 

act ss banio' betwesi the larva and the NaOR The insects w^e placed into the bottles 

and a period of time allowed to pass before iie insertioa of the drop of wato* into the 

end of the pipette. This was done to allow the t̂ nperature of the botdes to return to 

normal afier bdng handled. A control was also set up to determine if all conditions 

v/&e correct For movement of fte C(rfumn of water, red dye (eosin solution) was 

added to the wat^ vMdi was inserted into fte pipette. Weighing of the insects w^e 

done before md after the tests <m an analytical balance. The time during all operations 

and the movement of Ae fluid (red dye) in die pipette wo'e recwded and the oxygea 

consumption of the test insects were expressed in ml O2 consumed/ gram body wei^it/ 

hour. 
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Fig 29. A simple assembled respirometer used for 
measuring Oxygen consumption 



RESULT 

1. Effect of JH-m on oxygen consumption. 

4*̂  instar larva: From the data analysed it can be observed tiiat as 

concentration of JH-ni increases the amount of oxygen consumed also increases 

(Table 8). Ifigjbest oxygen consun^tion occurred to larvae that are treated with 1 ^g 

inaeasing from 1.129t0.143 ml at df^-1, 2.541±0.080 ml at day-2,2.918±0.107 ml at 

day-3, 3.069±0.045 ml at d^-4 and decreasing to 2.935±0.033 ml at d^-5. At 0.5 \ig 

concentration the amount of o?Qrgen consumed increases from d{^-l to day-4 as 

1.06±0.051, 2.24db0.048, 2.53±0.042 and 2.74db0.085 respectively but deoreases to 

2.23±0.015 at day-5. Similarly, larvae treated with 0.25 ng of JH-III increases as above 

but the amount of o^gen consumption are lowest recording from day-1 to day-1 as 

1.05±0.083,1.52±0.125,2.15±0.077,1.13db0.024 and 0.04±0.010 respectively. Control 

larvae shows the least amount of oxygra consumed at least upto die 3"* day 

(0.95±0.094 at day-1, 1.38±0.023 at day-2 and 1.92i0.050 at djy-3 respectively) but 

hi^er tiian 0.25 \ig treated larvae at day-4 (1.84±0.037) and d^-5 (1.22±0.071). In all 

cases irrespective of concentrations, it can be obsa\«d diat die course of oxygen 

ccoisumi^on followed an invited V-shaped curved inoeasing from day-1 to day-4 

and finally decreases at day-5 (Fig. 31). 

5*̂  instar larva: At d^-1, oxygm axisunq^on was found to be highest in 0.5 

pg treated larvae (1.949±0.068) followed by 0.25 \i% (1.834±0.067), control 

(1.744±0.055) and 1 \ig (1.065db0.004). In the rest of die devdc^ing larvae oxygen 

consumption was highest to those treated witii 1 |ig from da^2 to day-5 (2.634±0.131, 

2.942±0.061, 3.712±0.073 and 3.606±0.138). From d^-2 to d^-5, 0.5 Mg treated 

larvae resulted in oxygen consun^tion of 2.440^0.046,2.845±0.042,3.026±0.100 and 

1.938±0.10, whereas in 0.25 pg treated larvae OJQ̂ gen consun^tiim was 2.228±0.012, 
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2.316±0.096, 2.802±0.107 and 2.802±0.107 respectively. Control group recorded 

2.117±0.009, 2.396±0.091, 2.869t0.049 and 2.367±0.023 in osygen consumption 

from day-2 to day-5 respectively (Table 10 & Fig. 34). 

2. Effect of 20-HE on oi^gen consumptioii. 

4* instor larva: 11^ amount of oxygai in ml/gm body wei^l/hr were 

observed to be highest in those larvae treated witii 20-HE. Here also as concentration 

inaeases amount of oxygen consumed also increases but only upto the 3"* day and 

^ea it decreases in the 4"* and 5^ day (Table 8). Larvae treated with 1 ^g recorded the 

highest oxyg«i consumption which iiun'eases from 1.629±0.046, 3.221±0.071 and 

3.840±0.049 upto 3"" day but decreased to 1.837±0.059 in 4* day on the day of 

molting. Conq)aratively, 0.5 iig treated larvae consumed lower amount of oxygen 

compared to 1 l̂g treated larvae which are recorded as 1.433±0.090, 3.040±0.0, 

3.453±0.010,1.629±0.082 and 0.%1±0.022 from 1-5 d^s respectively. Similarly, 0.5 

Hg treated larvae recorded lowest oxygen consumption of 1.242±0.037, 2.933±0.037, 

3.229±0.011,1.356±0.089 and 0.153±0.012 from 1-5 d ^ respectively. Control group 

recorded lowest amount of oxygen consumed upto 3*̂  day (1.039±0.033,1.466±0.042 

and 2.082i0.044 respectively) but highest in 4*̂  d ^ (l.%0±0.044) and the 5** day 

(1.447±0.084). 

5^ instar larva: The increase in oxygen consumption for control groiq) and 

0.25 (ig treated larvae ware upto ike day-4 which tlieaa decreased in d^-5 while for 0.5 

|ig and 1 Mg treated larvae it increases upto day-3 and thai falls in tbe 4"* and 5"* day of 

larval developmfflit (Table 10). Oxygen consun^tion was hi^est in 0.5 pg treated at 

day-1 (2.259t0.124), 1 pg treated larvae at d^-2 (3.833±0.043) and day-3 

(3.95&t0.098), 0.25 pg (3.942±0.111) at d^-5 and control group at day-5 

(3.767±0.061). 
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The course of oxyg&n consumption also follows an inverted U-sh^ed curve 

but tiie slope at one end is much straighter (4* instar. Fig. 32 & 5'̂  instar. Fig 35) 

3. Effect of c-AMP on oxygen consumption. 

4*** instar larva: c-AMP treated larvae also recorded high oxygen consunq)tion 

vviiich are ahnost similar to 20-HE treated larvae. From the data it was observed Aat as 

concentration increases amount of oxyg^ consumption also increases (Table 8). From 

day-1 to day-5, 1 ug treated larvae recorded hî ^est oxygen consun^tion 

(1.744±0.08I, 2.845±0.050, 3.436±0.081, 2.062±0.005 and 1.750±0.067) followed by 

0.5 pg (1.426t0.044, 2.650±0.082, 3.042±0.036, 1.739±0.075and 0.56±0.104) and 

0.25 pg (1.252±0.01, 2.454±0.040, 2.843±0.043, 1.250±0.059 and 0.131±0.018) 

treated larvae. In control oxygen consumption was recorded to be lowest (1.13±0.039, 

2.360±0.020, 2.767±0.072,1.614±0.075 and 1.347db0.047 from day 1-5 respectively). 

The oxygen curve was similar with that of 20-HE treated (Fig. 33). 

5*** instar larva: OjQ̂ gen consumption was highest m 1 pg treated larvae at 

day-2 (3.035±0.092) and d^-3 (3.72SW).037) while in d^-4(3.620±0.039) and day-

5(3.342±0.050) control group recorded highest O2 consun^tioa At day-1, 0.5 pg 

treated larvae showed highest O2 consumption of 2.051±0.047 (Table 10). c-AMP 

treated larvae at different coiKentrations also showed same pattern of O2 consumption 

curve (Fig. 36). 

4. Comparative effect of all treatments (JH-m, 20-HE and c-AMP). 

4'̂  instar larva: 20-HE and cAMP treated larvae did not show significant 

different in the amount of oj^gen consunq)tion at day-1 (1.336 and 1.388) and day-4 

(1.695 and 1.677) whereas in all other d^s Haese two treatments along witii JH-III 

show significant different Oxygen consumption was hi^iest with cAMP (1.388) 

treatmait followed closely by 20-HE (1.336) and JH-IU (1.046) at day-1. In d^-2 and 
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dff̂ -3, 20-HE (2.665 and 3.151) treated larvae shows the highest amount of oxygen 

consumed foUowed by cAMP (2.577 and 3.022) and JH-IH (1.918 and 2.378). JH-ffl 

treated larvae showed highest oxygen consumption in day-4 (2.1%) and day-5(1.608) 

while 20-HE treated lowest in day-4 (1.695) and c-AMP lowest in day-5(0.949) (Table 

9). 

5*̂  instar larva: From the data (Table 11), it can be observed that 20-HE 

application resulted in higjiest O2 consumption from 1** d ^ of development up to the 

4"" day (1.939, 3.294,3.552 and 3.262 respectively) irrespective of concentrations. JH-

ni treated larvae recorded hi^est O2 consumption only on day-5 (2.437). Ojq^gen 

consumption was not significantly difTerent for JH-in (1.648) treated sad cAMP 

(1.694) treated at day-1 while it was for 20-HE (2.049) and cAMP (2.130) treated at 

day-5. 
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DISCUSSION 

The curves of oxygen consumption during botii the larval cycles (4* and 5* 

instars) showed an inverted U-shaped (Figs. 31-36), tiius bang similar to most of 

endopterygotes as that of Bhodnius larvae when the descending part of Ae curve 

during moulting cycle which may be regarded as a curve r^resenting protein syndesis 

(Zwicky & Wiggjesworth, 1956; Slama, 1960). Indeed, histochemical studies 

concerning changes that occur in die follicular epithelium of die ovary in Rhodnius 

during die reproductive cycle as described by Patdiin & Davey (1968) support this 

view. It has heea found, moreover, that the rate of oxygen consumption mirrors die 

proteolytic activity in the mid-gut of Rhodnius adults at various times aft^ feeding 

(Thomsen & Moller, 1963). 

Chamberlin and King (1998) observed variable devdopmental changes in 

midgut a&obic m^abolism \ ^ n assessed by compazing tissue respiration, oxygen 

consumption of isolated mitochondria, and the activity of citrate synthase (CS) of 

larval instars of M sexta. During die last larval instar of Manduca sexta (tobacco 

homworm), die insect ento^ die wandering phase, in >^^ch the animal ceases feeding 

and die structural reorganization of die midgut begins. In die present study, mohing of 

4*'' instar to 5^ instar and prior to wandaing in 5^ instar may be correlated to M sexta 

in whidi one day prior to wandaing there was a significant decline in tissue 

respiration aiKl mitodiondrial succinate oxidation and diese conditions may contribute 

to reduced O2 consunq}tions in Phihsamia ridni as well. 

On the other hand die oxygen consumption from day 2 significantly increases 

mosdy upto die 4''' d ^ of bodi larval developn^its which are higher dian diat of day-

S. The oxygen consumption is con ;̂>aratively very less at the b^inning of the instars 
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or synthesis of cuticle. The stages, immediately preceding molt (ecdysis), are marked 

by no further synthesis of exoskeleton, therd}y decreases continuously in oxygen 

consumption gradually. This exp&im&A shows that OT̂ rgen consumption increases 

exponentially during the preparatory molting cycle until it readi its maximum value 

before ecdysis and a&er that, decreases gradually. Chamberiin (2004) stated Aat the 

r^piration rate of day-4 midguts was significantly higher &an that of day-S midguts in 

M sexta. These metabolic changes may be eariy indicators of the more dramatic 

changes in midgut fiinction tiiat are to occur upon reaching the wandering phase. It is 

aigued that midgut function is modulated by the commitment peak of ecdysteroids, 

\ ^ c h induces tiie external and behavioral characteristics associated with the 

wandering phase (Chambalin and King, 1998). Moreover, high titres of ecdysteriod 

w^e recorded in Samia cynihia ricini toward tiie eoA of pr^aratoiy phase of molting 

(Jiang et al, 2005). In die present study the peak of oxygen consumption which 

normally increased in day-3 or day-4 of botii developing instars can also be correlated 

with the h i ^ titres of ecdysteriod ocoirring at diese times as described. 

It is well estabUshed that JH maintained larval characters and prevent molting 

in insects whereas ecdysteriods in haonolymph are responsible for inducing molting 

and metamorphosis in insects (Riddifoid, 1994, 1996). Whereas, cAMP has been 

implicated to act as a micmicking substance to hormone activities (Nijhout, 1994; 

Maniere and Vanhems, 2000). In the present stidy, we have found that JH treated 

larvae recorded lesser amount of O2 consumed compared to 20-HE and cAMP treated 

larvae during tiie middle part (2-4 days old) of larval developn^nt Such variable O2 

consumption rates are expected considering the different properties the hormones 

have. Higher O2 consumption in larvae applied with 20-HE and cAMP may be 

conrdaled to the specific aoion of these substaiM;es directly or indirectly to the 
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epidermal cells which may induce molting and thereby higho" metabolic activity 

(Table 9). Whereas, the JH-III treated larvae may not influence molting and they may 

only help to maintain larval character so metabolic activity is possibly reduced and 

hence lesser amount of O2 consunq)tion. However, JH-in treated larvae ahnost always 

showed highest O2 consun^tion at ^ ultimate day of both the instars (Table 10 & 

11). But by tills time larval developmoit of the 20-HE or cAMP treated larvae has 

become more advanced with low metabolic activity and animal at Ais stage are resting 

and on Ihe verge of molting therefore they may consumed low level of O2. In JH-III 

treated larvae at tiie same stage are quite active and probably high levels of metabolic 

activity or differentiation are still going on and hence higher amount of O2 may be 

needed. 

cAMP has been reported to play a role in some steroid-mediated events in 

Hyahphora gloveri (Applebaum and Gilbert, 1972), Mamestra brassicae (Sass et al, 

1983) and hormonal release of programmed bdiavior in silkmotfas ( Truman et al., 

1976). In the presoit study, the patton of O2 consumption in cAMP treated larvae are 

more or less similar to 20-HE treatmmt and it may be possible that cAMP direcdy act 

via PTTH to induce indigenous 20-HE secretion and activation vMda. may in turn 

stimulate cellular activity and thereby resulted in higho' O2 consumption. In Galleria 

mellonella the membrane potential of prothoradc glands was also reported to be 

elicited by cAMP (Gersch, and Birkenbeil, 1980) and ecdys<Hie secretion stimulation 

by prothoracic gland mManduca sexta (Vedeckis et al, 1974,1976). 

Overall O2 consumption of the larvae in both the 4"* and ^ instars are quite 

similar and here it was convenioit to described the result of homx>nes and cAMP 

treatments in comnK)n approadi On the other hand, JH-III treated larvae >\4iich 

comparatively showed lowo: O2 consun:q)tion during most of the developing instars are 
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in accord witfi the suggestion at the b^iinning of an instar the pres^ice or absoice of 

JH has Uttle effect on the respiratory rate (Slama, 1964; 1%S; Sehnal and Slama, 

1966). 
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Fig. 31. Effect of three concentrations of JH-III on the Oxygen consumption of the 4* 

Instar larva of Philosamia ricini. Each point represents the mean ± SEM, rt=4 
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Fig.32. Effect of three conc«\trations of 20-Hydroxyecdysone on the Oxygen 

consumption of 4* Instar larva of Philosamia ricini. Eadi point represents the mean ± 

SEM, n=4 
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Fig.33. Effect of three concentrations of c-AMP on the Oxygen consumption of 4th 

Instar larva of Philosamia ricini. Eadi point represents the mean ± SEM, n=4 
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Fig.34. Effect of three concentrations of JH-III on the Oxygen consumption of the 5* 

Instar larva of Philosamia ricini. Eadi point represents the mean ± SEM, n=4 
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Fig.35.EfiFect of three concentrations of 20-Hydroxyecdysone on the Oxygen 

consumption of the 5* instar larva of Philosamia ricini. Each point represents the 

mean ± SEM, n=4 
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Fig.36. Effect of three concentrations of c-AMP on Oxygen consumption of the 5* 

Instar larva of Phibsamia ricini. Eadi point represents the mean ± SEM, n=4 
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CHAPTER - 6 
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CHAPTER-6 

INTRODUCTION 

The bodies of arthropods are oicased in essaitially nonUving external 

skeletons. In order for tiie tissues within to grow, tiie volume and surface area of fSae 

ext^nal skdeton must increase. Insect have solved the probl^n of growth vn&m a 

nonliving exoskeleton in two differoit ways. The primitive method, by which their 

integumfflit grows, shared with all other arthropods, is by molting. This involves the 

periodic casting away of the old confining cuticle and the manufacture of a new larger 

one. During this process, much of the old cuticle is digested for r^ise. Vaiious steps in 

the molting cycle are designed to protect ih& new cuticle from digestion by the 

oizjmes that attack the old cuticle, while keeping the former soft and pli^le so it can 

expand r^idly when the old cuticle is finally shed. 

The cuticle is the outer covering of die iosed and is its exoskel^on to ^^ch 

die muscles are attached. The outermost layer is called the epicutide; under this is the 

exocutide followed by the oidocutide. In some systems the exo- and eadooitide are 

classed together as the procuticle. In son:» insects only the epi- and exocutide are 

dq)osited before ecdysis with the ^idooitide following after ecdysis whereas in 

others, some oidocutide may be deposited before ecdysis (Condoulis et al., 1966). 

The q)icuticle is composed of protdn wh^eas the exo- and aidocutide contain both 

chitin and protein in varying proportions dq)a)ding on the type of oiticle, i. e. whether 

rigid or flexible. Chitin is a polym^ of N-ac^glucosamine and can be cross-linked 

to die protein components of the cuticle in a process called sclerotization or hardening 

vMch usually oomrs in the exocutide just aStsx the s l id ing of the old oiticle and 

expansion of the new cuticle. A ^ r sclootization the insect is able to move, feed, fly, 

ete. The rigid parts of the cuticle are thai s^ and caimot be eqxanded wh^e^ flexible 
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cuticle may expand dtter due to a simple unfolding of the new ^icuticle or in 

response to hormonal signals. When the qpicuticle has completely unfolded, fiirtfaer 

expansion is impossible and the larva must molt in ordw to grow further. Molting is 

also necessary at the end of larval hfe for metamorphosis (Mitchell, et al, 1971; Marks 

and Sowa, 1976). 

The epidermis is a single cell layer that mak^ the cuticle that lies above it. 

During tiie int^molt poiod the epidomis activdy deposits lamellate mdocuticle, 

especially in those regions whore the cuticle is extensible. The diitin and protein are 

seCTeted as plaques at tfie tips of the microvilli at the apical surface of die epidermal 

cells (Ferkovich et al, 1981). Above the plaques in the extracellular spac^ die cuticle 

arises by self-assembly of the diitin microfibrils and the secreted proteins. As the larva 

grows, the ^idermal cells underneath the extensible cuticle also grow. During this cell 

growth, there is DNA synthesis and the epidermal cells may become polyploid (Dyer 

et al, 1981). In die case of a soft bodied insect such as die larva of die tobacco 

lK>mwonn, Manduca sexta, die q)icudde is deposited in folds to allow for growdi 

during the succeeding intermolt paiod during which time the qiicuticle then unfolds. 

In this instance, the imdeiiying endocuticle expands via a series of apical expansion 

points created by the deposition by the epidermal cell of vertical chitin microfilaments 

during the first d ^ after ecdysis. To accommodate these two processes that must occur 

at the same time, an unstructured layer is dqiosited between Ifae epicuticle and die 

lamellate procutide (Riddiford, 1976; 1978). 

At die onset of the molt, the epidermal cells detadi fi'om die overlying cuticle 

and the cells including those that are polyploidy, may divide. Endocuticle synthesis 

ceases and is followed by secretion of 'molting gel' that fills the space between the old 

cuticle and the apical bord^ of the epidermis. Later activation of these enzymes at the 
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end of the molt leads to digestion of the old cuticle. Other cellular evaits preparatory 

to the deposition of the new cuticle such as cellular shape changes that prefigure the 

surface conformation also ocair (Wielgus and Gilbert, 1978; Wolfgang and Riddiford, 

1987). 

Botii embryonic and postonbryonic growth and developmoit are punctuated by 

periodic molts known to be initiated by the ecdysteriods. Regulation of cuticle 

production is unda' hormonal control, both by ecdysteriods and juvenile honaone 

(Riddiford, 1994). The role of ecdysteriods in molting is important in early cellular 

dianges for proliferation and differoitiative changes. Pertaining to the control of 20-

HE during ecdysis and molting in insects, iimumerable worics have been done. The 

cdlular eveats in the life of epidomal cells have hem correlated witfi ecdysteriod 

titres in several insects* orders viz. odonata (4eshna cyanera, Schaller and Charlet, 

1980), orthopto'a {Gryllus domesticus, Gnatzy and Romer, 1980; Locusta migratoria. 

Him et al, 1979; Brdielin and Aubry, 1982), Hemiptera {Oncopeltus fasciatus. Smith 

aiKi Nijhout, 1981; Rhodnius prolixus. Steel et. a/.,1982), Lepidoptera, (Calpodes 

athlius: Dean et al, 1980; Locke and Huie, 1980; Galleria melloneUa: Hwang-Hsu, et 

al, 1979; Sdmal et al, 1981; Bombyx mori, Kigudii and Agui, \9%\;Mcmduca sexta. 

Fain and Riddiford, 1973; Riddiford, 1976, 1978, 1981; Bollenbacher et. al, 1981; 

Wolfj^g and Riddiford, 1981; Petris brassicae: Mauchanq) et al, 1979; Gassier et 

al, 1980). 

It has been associated that during the rise of 20-HE, the epidermis responds by 

going throu^ a preparatory phase that includes RNA and protein synthesis, oftai 

DNA syntiiesis and cdlular shape changes. During ftis initial phase all of the 

ecdysteriod-dq)endent cellular events for lata cuticle deposition occurred and the 

rdatively short exposures to 20-HE in vivo are sufficient, and in fact the ronoval of 
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hormone is required for later normal dq)Osi1ion (Marks et al, 1970,1976; Ob^lander, 

etal, 1974; Ferkovichef a/., 1981; Fristromcra/., 1982). 

The principal fimction of the insect qjidermis is cuticle secretion, and although 

cuticle deposition prior to esdysis is elicited by the molting hormone, ecdysone, Aere 

is ample evidoice that cuticle secretion continues after ecdysis into the next instar 

(Weis-Fogh, 1952; Neville, 1963; Whitten, 1%9; Filshie, 1970; MitcheU etal, 1971; 

Zelazny and Neville, 1972). The exact regulatory medianism for cuticle seaetion 

betweai ecdyses (intermoult) is not known although Aere is evidence in Sarcophaga 

falculata that post emogence cuticle deposition is induced by a substance from the 

ocellar nerve (Schlein, 1972) while a humoral factor from the head ofCalpodes ethlius 

spears necessary (Condoulis and Locke, 1966). For cuticle synthesis to occur during 

intermolt period the brain secrete a releasing or stimulating factor that causes tiie fat 

body to synthesize or release substrates or otfier substrates necessary for cuticle 

synthesis (Wielgus and Gilbert, 1976). It has also been postulated that minute 

quantities of P-ecdysone induce intomoult cuticle secretion in botti Calpodes (Wang 

and Lodce, 1975) and Bombyx mori (Kimuia, 1973). 

However, ihe requirement of ecdysteriods for cuticular deposition varies even 

in the same animal. Insects q)pear to be sensitive to ecdysones at all stages of their 

devdopmatt. If a sufficiwt amount of an ecdysone is ^phed to an insect, fte 

epidermal cells of the insect promptly secrete a cuticle (Sdmeiderman, 1972). In 

Marvluca sexta, tiie larval doraal abdominal epidermis requires 12h ^posure to Ae 

same concmtration of 20>HE in the presence of JH, but again no larval cuticle is 

produced until about 12-24h later (Mitsui and Riddiford, 1978). It has beoi reported 

tiiat the duration of the period of qpidermal mitosis during the rising phase of 

ecdysteriod tita* is shorts than in the normal adult molt (Smith and Nijhout, 1981). In 
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both the larval and adult molts of Rhodnius prolixus, w îwe feeding initiates both 

growfli and molting, the appearance of mitosis which was triggered by the increasing 

cdl size occurs just before the molting rise in ecdj^teriod (Steel et al., 1982). Hoice, 

epidermal cells have diff^ent strategies for increasing Aie surface area of tiie new 

epicuticie produced at a larval molt and for changing the types of cuticular structures 

produced at all molts. In all cases these events are initiated by the rising phase of Ae 

ecdysteriod tita* and DNA synthesis is usually involved viz. Bombyx mart (Kato, 1977; 

Kato and Oba, 1977) sadManduca sexta (Dyer etal., 1981). 

The titers of ecdysones are known predsely for the last larval instar of 

Manduca sexta (BoUmbadier et al, 197S) and Samia (ynthia ricini (Jiang et al., 2005) 

and also bioassays for j uv^ le hormone activity have long be^i investi^ted in 

numerous species of insects (Gilbot and Sdmaderman, 1960; Williams, 1961). 

Tha-efore it would be of intaest to study the cuticle morphology of Ae penultimate 4* 

instar and Ae last larval S*** instar and correlate ttie same with ecdysteriod and also JH 

titers during developmoit of the silkmoth, Philosamia ricini (Lq)idopta'a: 

Satumiidae). 
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MATERIALS AND METHODS 

1. The Insect: 

Philosamia ricini used in these experiments wwe received from, Saiculture 

Dqpartment, Nongpoh, Govt, of Meghalaya. Larvae were reared in a rearing cage 

indoor and supplied with di^ of Castor leaves, Ricinus commtmis. They were reared at 

25° C ±0.5 under 16L: 8D photoperiod regiment as described by Bell and Joachim 

(1976). 

In die laboratory, eggs are laid in clusters, ĝ ued togetfier in rows projecting 

from the substrate or kharika (small bundles of thawed or splited bamboo, about 30 

cm long with a hook), hi our condition the number of e^s laid per female ranged from 

200-250 (mean 225, but sometimes 400 to 450 eggs). The oviposition paiod lasted 7 

to 8 days and after iiKubation and ha^Mig the larvae were given soft and succulent 

young leaves of castor of ^^ch they fed immediately. Later during the course of their 

growing process tiie leaves were givm as per their requirement in tom of quality and 

quantity. Initially, the larvae Uve gregariously in young instan, but later ftey tend to 

segregate and feed freely. Thus, the larval activity and feeding occurred from tibe date 

of hatching until when they shortoied and spun cocoon. Between feeding periods, 1** 

to 3*̂  instars orient tfiemselves on tiie underside of leaves and later feed voraciously. 

After the larvae stop feeding, diey emptied dieir gut contoit and undergo wandering 

for few hours. Tbesi the larvae pr^)ared cocoons individually between tiie leaves and 

pupated inside the cocoon within 5-7 da^. 

In the preset study it would be convenioit to describe only the time following 

the molt of the 3'^ iastar to the 4"* instar and the following developmental stages upto 

tiie period prior to pi^)ation. 
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For studying the integumental developmait dianges, some physiologically 

synchronous 4* instar larvae were fist selected at day-1, just few hours after molting of 

the last day 3"* instar to 4'"' instar. These larvae wwe flien k ^ t for histological study, 

v^le the rest of the larvae were allowed to continue feeding and growth. As soon as 

the larvae had reached day-3 of developmait, some larvae w^e again separated as has 

been done in the first day and the collection and separation was preferably done at the 

same time. In our condition, flie duration of development of tiie 4*** instar lasted exactly 

for five days and accordingly the larvae were selected at this time. Later, those larvae 

that molted to the fi^ instar were again selected on the same day of molting and Aey 

were designated as day-1 fifth instar. In the same way, the developing 5^ instar larvae 

wae allowed to continue feeding and growth as in flie 4*̂  instar. The larvae were 

chosen for study on the 2"*, S'*, 5* and 8* days of tiie last larval instar development 

and their age were designated as day-2, day-3, d^-5 and day-8 respectively. The last 

larval instar feeds upto ttie 5"* day and tiien emptied its gut content, undergo wandering 

and spin a cocoon witiiin &e same day although with low intoisity. As spinning 

advances, th^e is ronarkable weight loss and the morphology of the larva changes 

gradually. After spinning for 1-2 days the larvae lie inside tiie cocoon and lost the 

mobility of their prolegs assuming a typically pr^upal form and Aen finally pupated 

<m the 9* day. However, for conv^ent and ease of differmtiation, larvae were 

selected on the 8"* day for histological study of tiie integument 

2. Histological procedure: 

Larvae were anesthetized with chloroform and tiien dissected for 

integumentary structures. The dorsal and dorso-lato'al sides of the integumrait of 

appropriate sizes were cut and were always used for &e study. To prevent shrinking of 

the cuticle, the larvae were initially dec^itated; ths gut contoit anptied and the 
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haemolymph were drained and washed thoroughly in clean water. They were then 

fixed in fi^eshly prepared Bouin's fixative so that the tissue's morphology were are 

preserved, cells killed, autolysis and bacterial infection prevented. This will minimize 

swelling and shrinkage and convert the chemical constituents into stable compounds 

and also prevail or minimize their displacement fi'om their original locations, harden 

the material without making brittle so tiiat it can withstand subsequmt physical and 

chemical treatments and rend^ the material stainable. The tissues were kept 

subn^rged in fixative for 24-48 hours or more. After fixation pieces of integument 

were dissected out neatly, cleaned of adhering tissues, washed and dehydrated in 

ascending series of ethyl alcohols (30 %, 50 %, 70 %, 90 % and 100 %) in appropriate 

time at each stage. After ddiydration, the tissues are transferred in a container 

containing absolute alcohol and xylene in the ratio of 1:1 for five minutes, then 

immersed in xylene (5 min) followed by xylene-parafBn solution (1:1) and incubated 

with ParafBn wax (58-60°C, Merck, India Ltd.) overnight. After incubation, Ae 

tissues are onbedded in pap^ boats of ai^ropriate sizes and processed further 

according to standard histological procedures. The embedded tissues were sectioned at 

6-8 ^ affixed to coated slides and stained in Malloiy's Triple Stain (Humason, 1966). 

Observations and all photomicrography were performed using Microscope. 

The Mallory's triple stain was used in the study because this stain can 

differentiate integumentary structures based on their chemical constituents and they 

can be observed accordingly in dififeroit shade of colours. For instance. Aniline blue 

which is acidic can stains connective tissues and cartilt^es, Orange-G stains blood 

cdls, myelin and muscle while &e Acid fuchsin stains the rest of the tissue including 

the muscle in grades of pink and red. Thus, the lipid q>icuticle will reveal blue colour. 
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cuticulum q)icuticle-red and oidocuticle will stain bluish, wWle the rest of the tissue 

will give colour in grades of pink and reddish or brownish. 

3. Preparation of Malory's Triple Stain: 

a. Mallorv*s I; 

i. Preliminary mordant: Saturated HgCb in 100ml of distilled water 

mixed with 5 % H3COOH (acetic acid), 

ii. Add fiiGhsin (Sigma Chemical Ltd., USA), 1 % in distilled water, 

iii. Phosphomolybdic acid, 1 % in distilled water. 

b. Mallorv*s II; 

i. Aniline blue (Gurr) - 0.5 g 

ii. Orange-G - 2g 

i.) and ii.) were dissolved in 100 ml distilled water. 

4. Proceedure of staining: 

a. Removal ofparafGn in xylene - 5-10 min 

b. Removal of xylaie in absolute alcohol - 5 min 

c. Hydration in descending series of alcohols - 5 min each 

d. Mordant in HgCh-HsCOOH solution - 10 min. 

e. Rinse in d. w. and stain in Acid fiichsin soht - 15 sec. 

f Di&eT&aiate by washing in d. w. - 10 sec or as 

required (to differentiate red colour) 

g. Keep in Phosphomolybdic acid soln. - 1-5 min 

h. Wash in d. w. and stain in Malloiy's II - 2 min 

i. Drain and wipe die b a c k o f f slide in d.w. 

j . Dehydration in ascending s^es of alcohols. - 5 min each 

k. Differratiate AniliiK blue w. s. in 90 % alcohol - 10 sec or 
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more as required. 

1. Dip twice in Absolute ethyl alcohol - 10 sec each, 

m. Keep in xylene for 10 min and mount in DPX. 
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METHODOLOGY 

(Routine Paraffin Histological Mefiiods): 

Dissection (Saline solution) 
i 

Fixing of tissues (Bouin's fluid) 
i 

Defaydnition (up grade) 20 minutes each 
i 

Clearing or de-alcoholisatitm 
i. Abs alcohol: xylene (1:1) (20 - 30 minutes) 
u. Xylene (20-30 minutes) 

i 
Infiltration 

i. Xylene: Paraffin (1:1) at 58° C - 60' C (20 - 25 minutes) 
ii. Pure Paraffin (20 - 30 minutes) or incubate overnight 

i 
Emb^ding 

i. Pi^er boards ^plied with glycerine 
ii. Cooling 15-40 minutes 

i 
Trimming of Ae block 

i. Face-1mm 
ii. Base-3-4mm 

i 
Sectionii^ (5 - 8 fxm in thickness) 

i 
Affixation of slide Mayer's solution 

i 
Stainii^ Malloiy Triple Stain 

i 
Mounting in DPX 

i 

Observations and photographs 
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RESULT 

1. Whole animal growth: 

To provide a basis for the interpretation of cellular growlh, ^ o l e animal 

wdgjit was determined (Weilgus and Gilbert, 1978). The resulting weight curve (Fig. 

30) suggest the presence of two distinct physiological phases in each case (4* and 5* 

instars): first, a period of growth from days 1-4, diaracterized by a logarithmic weight 

inaease, and second, a poiod of prq)aiation for larval molting (4* instar to 5* instar) 

and pupation from 5-6 or 7 days, characterized by weight lost and ften weight 

stabilization (Table. 12). In the frfifa instar larva the transition b^ween the two phases 

is marked by cessation of feeding and elimination of the gut contaits, accounting for 

the predpitous weight loss (Fig. 30 B). In the 4* instar larva the weight curve ^diibit a 

logarithmic increase up to the last day of the instar (Fig. 30 A). Comparatively botii the 

instars shows contrasting weight curves towards the end of eadi devdoping stages 

respectively (Fig. 30 C). 

2. Histology of overall int^umentary structures: 

The larval integumi^t is conq>osed of sclerotized and unsclerotized cuticle at 

dififo'ent stages of developmoit, ^idermal cells and a thick basement membrane. On 

day 1 of both the 4"' and S"* instars, fbe epidermal cells exhibits cuboidal or low 

columnar morphology (Fig. 37 and Fig. 40), but become distinctly columnar as growth 

ensues on day 3. Adjacoit cells also maintain close contact until day-3 in 4"' instar 

(Fig. 38) and day-2 in 5* instar (Fig 41) vAien intercdlular spaces become visible and 

but persist afterwards (Fig. 39, 43 & 44). The epidermal cdls continue to d^>osit 

cutide afrer ecdysis to the fiftti instar and secrete the thickest lamellae at daj'-S in 4"* 
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instar and day-8 in 5* instar respectively (Fig.39 and Fig. 44). The redaction of cells 

during apolysis from fte cuticle follows an intaior to posterior, dorsal to ventral 

gradient, but cells at the into^gmental monbranes adhere until tiie approximate time 

of q)olysis in the prolegs. Following {̂ x)lysis little morphological change can be 

obsored at the light microscopic levd other than secretion of pupal cuticle in S^ instar 

and no significant cell death can be detected at ai^ time during the instar. 

3. Cuticle morphok^ at d^-1 & day-3 of 4*̂  instar (Fig. 37 & 38) and day-1, day-2 

& day-3 of 5^ instar (Fi&40,41 & 42). 

As tiK q)i and exocuticles are being deposited, the epidermal cells begin to 

secrete the endocutide above it as can be seen from cuticle of early instars (1-3 days 

old) v(4iich exhibits most prominoit and smoodi endooitide, \^^e q)i and exo­

cuticles are thin and not distinct from each other (Fig. 37 & Fig 40). This pattom of 

cutide growth are seen up to the S"** day in both instars \dule the integumentary 

structures are more prominent in the 5* instar (Fig. 40 & 41). 

The fourth instar at day-1, revealed a very prominent aiKl probably soft 

endocutide which occupy most of the integumoitary structures (Fig. 37). The 

basemait membrane are not prominoit vMie tiie epidermal cdls are visible lig^y 

with very low columnar moiphology. As the larva grow, the basemait membrane and 

the epidamal cdls become more di^inct (Fig. 38). Howeva, morphology of the 

epicutide and the endocutide does not change mudi compared to the previous one at 

day-1. Ovoall tiie sdo'otization of cuticle lay^s are low. Basonent monbrane which 

contained epidermal cells along with intercellular spaces are faintly observed. 

The cuticular structures of the young S"* instar are similar to the growth patten 

of the 4^ instar at the same stages. At day-1 and day-2, the endocutide are most 
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prominent and vMle the basement membrane and the oveiiying qiidermal cdls exhibit 

low columnar morphology suggesting low activity of Hie cells. The outer cuticular 

structures of epicuticle and exocuticle are much l^s defined showing that they are not 

yet sclerotize and in the process of growing (Fig. 40 and Fig. 41). Bristle along widi its 

base can also be observed as ou^owdi originating from the integument and forming a 

canal through the entire structure (Fig. 41). As tl^ larva became older, Ae integumoit 

omtinues to grow and increases in size and die cdlular structures became more 

defined with appearance of intercellular spaces at di^-3 (Fig. 42). The epicuticle and 

the exocuticle are also more deeply stained and can be distinguished clearly while the 

basement membrane show adhering columnar ^idermal cells suggesting growA has 

takrai place in all integumoitary structures. 

4. Cuticle at day-5 in 4*̂  instar (Fig. 39) and day-5 & day^ 8 in 5*̂  instar (Fig.43 & 

44). 

Integun^nts of late larval instars (4A instar-Day S; Stii instar-Day 5-8) exhibits 

rou£^ aidoaitide with thickest lamellae produced at these times. The q)i and exo-

cuticles are distinct with prominent sclerotization. Basement membrane along with 

epidomal cdls with prominent int^cellular spaces are also obso^ed. 

In tiie present study it was observed tiiat the last stages of cuticle deposition in 

4*̂  aad 5^ instars separates the cutide from the epidenm and die formation of plagues 

in between than (Fig 39 and Fig 43 & 44). This apolysis which is distinguishable can 

be corrdated with, and presumably due to, the disappearance of the attachmoit 

plaques. Sclo-otization and rou^iuiess of the overlying cuticle above Has basemoit 

monbrane are the most observable cfaaract̂ 'S wiuch emphasized that sda'otization of 

outer cuticle had con^leted and the cuticle are ready for molting (Fig. 39 and 44). At 
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about tiliese times die molting gel is probably seaeted and mitosis and cdl division had 

occurred as the ^idermal cell becomes daiser, more columnar, and their apical 

surface is throve into a soies of fine folds especially for the integumoit at day-5 in 4"* 

instar and df^-8 in 5^ instar respectivdy (Fig. 39 and Fig. 44). 

In the 4"* instar at day-5 i.e. last day of devdoping instar, thickest lamdlae 

secreted between 2-4 days can be observed prominently (Fig. 39). It can be observed 

that epicuticle and exocutide are highly sdo'otized and £q>pear to be hardened which 

surest that they are ready for tfie moh to tiie fiftti instar in a short time. The epidermal 

cdls are hig^y columnar vMLe the plagues becoming wido* showing ibai diey are also 

ready to be filled up with the molting fluid which are due to be secreted at the time of 

molting. 

In the fiftti instar at day-S, the thick lamellae witfi Ae appearmtx of 

into-ceUular ^aces in betwera the ̂ idermal cdls are almost the same as observed in 

day-3 of 4"* instar, howev^ in tiie fifth instar ib& epicutide and tiie exocutide appear 

to be unsclerotized whidi shou« that the in^iumoitary structures are still growing and 

are not yet ready for molting process (Fig. 43). The overall qipearance of the 

integument seraned to be soft and pliable so fliat it can aeate spaces for more 

expansion as it continue to grow even for a short while allhou^ larva at this stage 

(day-5) had almost cease feeding. As larval devdopment continue by undergoing 

wandering, gut purging, spinning and attaining pre-pupal diaracter, tilie integumait at 

day-8 showed matured structures (Fig. 44). Hie ^icutide and exocutide appeared 

hardened and heavily sclootized and looked to be almost d^ached from the 

underlying oidocutide implying prodromal sign of piqiation or ecd> îs. Hie 

integumoit secr^ed the thickest lamdlae at this time as can be seen in the structure of 

the oidocutide. The basemoit manbiane alcmg wifli &e epid&mal cdls are also 
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prominently displayed l o w i n g hig}) columnar moiphology. Cellular activity at this 

time have probably undergone division and are ready to be shed so Haai the larval 

character are dispose to make room for diffi^oitiation into die pupal cuticle. 
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DISCUSSION 

Corrdation of cuticular growth and structures with hormonal secretions 

Morphology and structural changes of integuments of 4A & 5tfa install are 

quite similar &oug|iout devdopmoit. The hig}i columnar morphology of the late 

larval integumoit with its structural maturity (prominent ^idermal cells & 

intercellular spaces) can be correlated to be induced by prothoracicotropic hormone 

(PTTH) and ecdystoiod secredoo&, since, such hormcmes are known to be at their 

maximal levels prior u> molting. It is established that during fte last instar 

devdopmoit of Samia cynihia ricini, ecdyst^od level dianges dramatically. 

Haemolymph ecdysteriod level was low (<2 n^ml) during the first half of the instar 

\ ^ch was similar to ecdyst^od syndiesis by (protfioradc gland) PG in vitro and also 

the actual synthesis from both tiie pair of prothoracic gjands. High titer of PTTH just 

before this h i ^ peak of ecdystmod were observed -vMdi show that ecdj^t^od 

secretion was regulated by PTTH since during the period of low titer of ecdysteriod 

PTTH activity was not seen (Jiang et al., 2005). Haemolynq)h levd of ecdj^t^ods is 

dominantly regulated by PTTH (Mizogudii et al.. 2001), although proftoracicostatic 

peptide plays a role in this r^;ulation in some insect species (Hua et al., 1999). In 

many insect endooitide dqx^ition continues tfarou^ut the entire intermoU period, 

so that die cutide grows progressivdy Mdar. Endocutide dq>osition stops vtiien 

apolysis for ^ next mofting cyde b^jns. 

This low ecdystoiod levd can presumaUy rdate to low cuticular ^owth as 

can be seen from ̂  smooth mi pliable nature of ̂  cutide while fte epidermal cells 

and int^cellular spaces are also not prominent At this time the ^icuticle and 

exodocuticle are not dearly distinct from each odier making Uiem difficult to idaatify. 
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This condition of cuticular structures revealed that they have not be«i or yet to be 

exposed to required amount of ecdysteriod or may be ecdysteriod have not been 

secreted at this time since the cuticle seemed to be uiq)r^ared for undergoing the 

molting process. 

A^in in Samia (ynthia ridni haemolymph ecdyst^od level at the start of 

wandering phase increased from 1S±3 nĝ ml on d{^-7 and reached 861:11 ng/ml on 

day-9 and decreased steadily to a low level (~5 ng/ml) before pupatioa Tliis rise of 

ecdysteriod level is similar from ftat secreted by protharadc gland in vitro and from 

the individual guards i^lf (Jiang etal, 2005). In the present study cuticle moiphology 

were not observed beyond day-8 because the secretion of PTTH and ecdysteriod are 

h i ^ y e}q)ected by this time. Howevo*, comparing the rate of ecd3^aiod synthesis 

and cuticular stnicture, we can assume that peaks of high ecdysteriod synthesis 

coiT^ponds to hectic activity of ^id^mal cells. It was observed fliat in both the late 

larval instars (day-5 in 4"* instar and d£ -̂S and day-8 in 5^ instar) intense activity of 

integumentary structures. At about this time probably die molting gd is secreted, the 

epidermal cells undergo a period of mitosis and cell divisioa The epidermal cell 

population becomes ^eosN, the cdls more colunmar and promii^it, and didr afucal 

surface is thrown into a series of fine folds. Whai cell divisions are completed, tiie 

epidomal cdls secr^e the cuticulin layer of the new epicutide. Cuticulin is made up 

of lipoprotdns that quickly become cross-linked and sclerotized with other proteins. 

This tanning {Ĥ ocess rendos the cuticulin l^er r^ractoiy to dissoluti<Mi by adds, 

solvents and enzymes, although it remains quite permeable to water and mai^ small 

mdecules. We found that int^cdlular spaces more prominait tfian in youngs stages 

and the ^icuticle and endocuticle are distinguishable probably they are ready to be 

shed during the preceeding molt 
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Usually, haonolymph ecdysteriod level and ecdysteriod syntiiesis by PGs in 

vitro change in parallel (Sduud et al, 1988). Most lepidopto^n insects exhibit two 

ecdysteriod peaks in the last larval instar. The first, a subtie peak or plateau, is 

presumably associated with changes in larval bdiavior and reprogramming of the 

epidotnis fi-om Has larval -type to pupal -type synthesis. The second peak is mudi 

larger. It is the hormonal stimulus for the molt from larva to pupa (Smith, 1985; 

Sdinal, 1989). Similar to B. mori (Mizogudii et al., 2001), tiie first peak of 

ecdysteriods was not significant in Samia cynthia ricini although FTTH activity was 

obso^ed on d̂ ŝ 1-2 (Jiang et al., 2005) howev^ it was reported tiiat ecdyst^od are 

secreted only after tiie third day of larval development (Fujishita and Ishizaki, 1982). 

Therefore, in Ae presoit study, low level of integumentary structures \spto day-3 in 

botii the instars in tenn of cuticular dqtosition revealed that they had not been 

subjected to ecd3^taiod action and hoice cdlular activity was also low. Furtfâ , die 

advanced integumoitary structure observed in the late stages of larval developmoit are 

highly expected to have been exposed to ecdysteriod ance on days 9-10 in Samia 

c)nthia ricini, right before fte molt from larva to piqta, a big peak of PTTH and 

ecdysteriods was observed in the haemolymph and die medium incubated widi PGs at 

this stage (Jiang et al., 2005). The PTTH activity should contribute to die big peak of 

ecdysteriod \^ch thus bring about cuticular dianges for pr îaration of die molting 

process. 

In any species of inse<^ ext^isibility of the new cutide is fiirdier enhanced by 

the action of two hormones, eclosion hormone and bursicon, that are secreted just prior 

to ecdysis. These hormones cause the rdease of plasticizing &ctors into die cutide, 

probably via the pore canals. The plasticizing factors are believed to weaken some of 

the noncovalent bonds diat hold oiticular proteins and diitin molecules togdher 
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(RQ'nolds, 1985). The extoit to which the new cutide can expmi dining ecdysis is 

determined entirely by the fine folds laid down in the outer cuticulin layer at tiie 

beginning of the molt cycle. During the pre- and postecdysial expansion the epicuticle 

stretdies to a nearly flat surface. Cuticles that must remain extensible during the 

intomolt poiod, such as those of the larval abdomen of the blood sucking bug 

Rhodnius prolixus, retain a finely puckered cuticulin layer, wliich allows for some 

additional e}q)ansion whoi the animal takes a blood meal. In the presrait study 

although the cuticulin lay^* of soft-bodied holometabolous larvae w^e not takoi into 

acccount, such caterpillars, are also findy corrugated at the b^jnning of an instar and 

gradually smooths out as the animal grows and tiie cuticle expands. If sudi provision 

for surface amplification of the epicutide is not made, any further e7q)ansion in 

volume during the intermolt would be restricted to tiie amount that the abdomen can 

exteiul by telescoping. Va& space betweoi the qjidamal cdls and the cutide also 

known as plagues, which are formed in the late developing larvae (day-3 onwards) 

presumably are filled witii a gelatenous soluticoi, the molting gel, vMch contains, 

enzymes that will eventually digest part of tiie old cuticle. It was rq)orted that in 

insects whoi o&M divisions are completed, the epidomal cdls seaete the cuticulin 

layer of the new epicuticle. Cuticulin is made iq> of lipoproteins that quiddy become 

cross-linked and sderotized with otha* protdns. This tanning process renders the 

cuticulin layer refi^tory to dissolution by acids, solvmts and enzymes, althougli it 

remains quite p^tneable to wat^ and many small molecules (Locke and Huie, 1979). 

Again cuticular structures both in early and late instars can be correlated to 

activity JH titos. The action of JH on devdopment is always associated witii 

ecdysteriod action JH does not prevoit prevent ecdysteriod action in inducing tiie 
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molt, but modulates its actioa In the lepidopt&m tobacco homworm, A^anduca sexta, 

rising ecdysteriod titers in the presence of JH cause a larval molt, and the critical 

period for the presence of JH is at initiation of the ecdysteriod rise (Hiruma, 2003). 

This condition of hormone interplay might have also occurred during the larval 

devdopmoit of 4* instar (Fig. 37 & 38) \\iiere JH activity is higji and during its molt 

to the 5* instar in day-5(Fig. 39) v^re JH activity is conq)aratively low. Again, the 

JH tito" declines precipitously because of ^ cessation of seoretion of JH by the 

corpora allata and the innease of JH esterase activity for degradation of JH so tiiat JH 

become und^ectable at the time of pupal commitmoit This condition allow die brain 

to secrete PTTH so that it induce tiie PGs to secrete ecdysteriod (20-HE) and absence 

of JH diis time causes larval-pupal commitanait of the &pid&mm. Th^efore in daŷ -S 

of s"* instar (Fig. 44), the integumoit can be considered tfiat they have beoi committed 

to larval-piq>ai morphology. 
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Table. 12. Larval wdght of 4* and 5* instais of Philosamia ricini a&er ecdysis. 

Drafter 

Ecdysis 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Wdglit of 4"* Instar 

larvae (gm). M«m ± SO 

1.05±0.035 

1.31±0.015 

l.S6±0.031 

2.55±0.023 

2.73±0.028 

-

-

-

-

Wei^t of S"* Instar 

larvae (pa). Mean ± SD 

2.65±0.041 

3.14±0.024 

3.71±0.015 

5.24±0.025 

7.14±0.034 

5.42±0.032 

5.03±0.027 

4.92±0.023 

4.51±0.Q27 
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Fig.30. Wdght of 4* instar (A), 5* instar (B) larvae and comparative weight (C) of 

Philosamia ricini 
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Fig. 37. Integument of 4th Instar at day 1 
Scia« bar A-C=SO fim; D = 2 5 | U B 
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Fig. 38. Integument of 4*̂  Instar ait day 3 
Scale bar A-C=50 nm 
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Fig. 39. Integument of 4*̂  Instar at day 5 
Illustrating the thick cuticular lamellae secreted 
between 2-4 days. Intercellular spaces are also 
present. 
Scale bar A & B=25 tan 
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Fig. 40. Integuments of 5th Instar larvae at day 1. Scale bar A-D=25 ̂ lm 
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Fig. 41. Integument of 5th Inttar at day 2. Scale bar 25 pm 
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Fig. 42. Integum«nt of 5"̂  Instar at day 3. SctUe bar A-D=2S tun 
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Fig. 43. integument of 5"̂  instar at day 5 iiiustrating tliicl( cuticular lameilae 

secreted between day 2 and 4. Interceiiular spaces are also present. 
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Fig. 44. Integument of 5*** instar at day 8. Scale bar A-C=2$ m̂ 
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GENERAL CONCLUSION 

L EfreetofJH-III,20-II£ and cAMP on Egg hatching: 

In our study we obsoved the deletaious effect of JH-in application on the eggs 

of Philosamia ricini. The effectiveness was more on the younger eggs. As the e ^ get 

matured the ̂ ectiveness of JH-III ̂ plication deteriorated but fte ddeterious effect did 

not stop. 

Juvoioids are all fat-soluble compounds and it is quite possible that ^ e n they 

are administered, they get into tiie yolk mass and become available to the developing 

embryo dirough slow diffusion and as and when yolk is consumed by it Whoi larger 

doses are administered, howevw, they become immediately available and the inhibitory 

action starts forthwith. 

As a result of JH treatment, developing embryo may cease at any stage of 

embryogenesis or at any othw "functionally demanding jdiase". In Philosamia ricini we 

believed diat the "functionally donanding phase" >\^ch is the most sensitive stage 

during embryogoiesis must probably be the stages from 2-12 hours. These stages 

showed maximum unhatched e ^ in term of percentages for all the Aree treatments. 

Also of interest are the findings ttiat larvae, \^cfa hatch out, ware not able to 

feed and mature normally and they soon die prematurdy. In those cases in which 

hatching did occur, the larvae often suff^ed with some abnormalities and flirdier, 

apparently normal larvae may die during tiieir postembryonic life, or tiieir 

metamorphosis m^ be disrupted. We also observed fbat &ese abnormalities of tiie 

larvae occurred especially to tiiose Aat hatched from younger eggs and even if the larvae 

seems to develop normally they may die at some point of time during tiie larval instars, 

pupal development or during emergence. 
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However, contrary to the observations made for JH-III treated eggs, 20-HE and 

cAMP treated eggs produced much more hatdiing percentages. Although 20-HE and 

cAMP seaned to be have deleterious effect only to younger eggs but t l ^ enhance or 

promote hatching in older e^s. In our observation, cANfP more or less seemed to mimic 

die property exhibited by 20-HE, since tiie unhatdied ^;gs produced as wdl as the 

pattem of effectiveness throughout fte stages by both &e treatments are almost identical. 

It may be possible ttiat 20-HE enhance onbryonic developmoit as a result of fbe 

treatment but fiirther investigation at the molecular level will emphasize the feasibility of 

the hormone. 

2. Ultra structure of chorion and mechanism of iiatdiing: 

The diorion of lepidopteran insects has spatially and mon^iologically differentiated 

sur&ce regions. In the present study the chorion of Philosamia ricini was observed to 

lack the aeropyle crown r ^ o a But four distinct r^ons , fbe posterior and antoior 

poles, lateral flat sides and ventral (dorsal) edges, are apparent. 

The ^ g size was larg^ in Philosamia ricini in tenn of lengdi of major and minor 

axis aiui the area of lateral flat region than those of other l^idopteran insects viz B. 

mori and B. mandarina. The polygonal network patterns espedally at the lateral flat and 

marginal r ^ons are regular, there is no significant variation in the unit area of the 

poly^n exhibited. At tfie posterior pole, knobs residing inside the polygonal units are 

visible prominoitly. 

llie variability in the size of ao'opjles during egg devdopment is difficult to 

distinguish functionally. However, since ttiey mainly serve for gaseous exchange 

between the ^ g and the outside oivironment, it is assumed diat insects modify the 
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aeropyle strudure during egg developing according to Ifae demand of Ifae 

environmental condition. 

The study in tern of hatching of the larvae from tiie eggs revealed that they 

gnawed Ifaeir way out through the chorion membrane in accord witii the process adopted 

by most lepidopteran insects. For the process of hatdiing ihare are no rupture of egg 

neither from line of weaknesses nor presence of ^ g buster or specialize spine or cuticle. 

In the present study, the overall structure of the ^gg during the cou»e of 

developmoit until hatching was not observe to change except for tiie minute pores or 

a^opyles present on tl^ ridges of the entire polygonal network. 

3. Study of honnoiuil influence undotying Pupation by fiction: 

The fii^t and most obvious bdbavioral response during preparatory period for 

pupation in Philosamia rtcini is that the animal stops feeding and voids its gut contents 

(gut purging). Most larvae then move a w ^ from their food source and go in search of an 

{^propriate site for pupation; Ae activity period is refored to as the "wandering phase". 

The larvae wander in search of an appropriate substrate, and ih&e ^ey und^take an 

elaborate and stereotyped cocoon-spinning bdiavior. The entire con^lex sequoice of 

behaviors requires the insect to build a peduncle, then an outer and then and ini^r 

cocoon (often with escape hatches buih in), followed by the inq>r^nation of the inner 

cocoon with a predator repdlant fluid from the Malpighian tubules. Tlus result in the 

distinctive change in the color of the larva by which the wandering phase can be readily 

identified even whoi the animal is temp<»̂ arily quiescent or expaimoitally restrained. 

In the present study, during pupation, the transition of the feeding larva to 

prepupa take place presumably at the onset of the first PTTH and ecdysoae secretions. 

Tlie induction of ocellar contraction and formation of pupal cuticle was later supposed to 
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be brou^t about by the second rdease of PTTH and ecdysone. Afto" attaining both the 

events of secretions, the larva undergoes completion of pupal development in normal 

time. 

The time interval between the first step of PTTH and ecdysone secretions is 31 

hrs v̂ hich induced prodomal signs of piq)ation, while tiie interval between the secretions 

in the second step is con^aratively narrow (7 hrs) and this bring about ocellar 

contraction with formation of pupal cuticle at least locally towards the antero-dorsal 

margia 

Furdier, the phenomoion underlying gut purge and pupal ecdysis seoned to be 

under the control of circadian clock since, larvae that undergo gut purge on diQ̂ -S and 

day-6 piq)ated exdusively on day-9 and day-10 respectively forming a time interval of 

exactly 4 days in between the events. 

Our observation also showed intermediate cfaar̂ rter of larval-pupal epidomal 

cuticle. The pupal tissue (anterior to ligation) presumably had received sufBcient 

e?q)osure to ecdysone at the time of ligation to render it capable of forming the new 

pupal cutide. The rest of ttw epidomis (posterior larval form), ^^ ĉh had not molted, 

apparaitly had not beoi exposed to Ae molting hormone or ecdysteriods. 

In contrast, mosiac charactos of posterior to ant^or gradient was seen in that 

each posterior segmoit showed slightly more new pupal cutide than did its antmor 

î ighbour. The posterior part of the abdomais had perfectly formed and tanned pupal 

cuticle. Failure of fte ant^or part to pupate (anterior inhibition) can also be attributed to 

respiratory deficieiwies by injury of the tracheal syston during Ugatioa Anofter factor, 

so far hypothetical, may be postulated to be involved in tiie control of the daricening and 

pupal formation in the posterior part of the ligated insect; this condition may be caused 
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by the post«ior darkening fiactor (PDF). Still anotiier fector, ihe anterior retracting fector 

(ARF) may be responsible to render the anterior part inci^able to pupate due its absoice. 

4. Study of Edosion bdiavior and effect EH extract on mag extensibflity: 

In the present study, emergence of adult from pupal case under natural 

photopoiod condition of 13L: IID occurred during tiie photophase period b^jnning at 

15:00 hours and continuing till 18:00 hours or later at the last day of adult development 

Consistently, eclosion starts quite late in die cool afternoon period ^ e n the Ught was 

conqparatively reduced prefiwably under shade. This timing of eclosion was observed to 

occur at about 10:00 hours aft^ lights-oa It was also obsoved that, adult eclosion in 

Philosamia ricini followed the same pattern as that of otiier Satumiid insects in that last 

day piq}al devdopmoit was restricted within a time frame or gating during precise 

period of the day, if tiie pupa con^>letes devdopmoit while fte gate is opoi, ecdysis can 

occur during tiie same day. By contrast, if development is conq)leted after the gate (after 

lS:00hr) has shut, the insect must wait until the opoung of the gate on the next day so 

that ecdysis can occur within die tin^ frame of 15 hr-18hr. 

In tiie present study, c(Hisidaing the timing of edosion commendng at 15:00 

hours of the last d ^ of aduh devdopment, die rdease of EH in Philosamia ricini in all 

probability may haw occurred at around die 14:00 hours period /. e 1 hr before adult 

en^rgrace. EH extract prepared around diis time induced wing extensibiUty in the 

pharate adult wings devoid of any EH activity. 

In die present study, the doses at \ ^ c h the extracts dicited wing expansi(»i was 

quite high in comparison to earlier observations p^ormed by differoit workers. But the 

present study used EH matmals obtaii^ direcdy from uiqiurified extracts and die 

e^qieriments may be considered more at less qualitative. Furdier, it is highly attributed 

diat the higl^r requirement of doses for didtation of eclosion behavior may be due to 
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Ifae pres^ce of other biological substances onbedded with EH so that the potency of tiie 

extracts is reduced consid^ably or probably due to the hormone being d^aded rapidly 

after injectioa 

S. Effect of JH-m, 20-IIE and cAMP on oxygen consumptton during larval 

devdopmcnt: 

The curves of oxyg«i consunq)tion during both the larval cycles (4* and 5^ 

instars) showed an inverted U-sh{q)ed, thus being similar to most of endopterygotes 

yAiere the descoiding part of the curve during moulting cycle w^ch may be r^arded as 

a curve representing protein synthesis. If the above-moitioned interpretation is correct, 

thai the course of oxygoi consumption may be consida'ed as r^ections of the rates of 

syntheses of the specific developmoital protons. 

In the presoit study, Ae reduced O2 consumptions during molting (4^ instar to 

S*** instar) and prior to wandering (S"* instar) may be corrdated with significant decline 

in tissue respiration and mitochondrial succinate oxidation. The oxygen consumption is 

comparatively v ^ less at tiie b^inning of the instars. The stages, immediately 

preceding molt (ecdysis), are marked by no furtha' synthesis of exoskelet(»i, thereby 

decreases continuously in ô grgoi consumption gradually. However, oxygen 

consumption ino-eases during the prq)aratory molting cycle until it reach its maximum 

value before ecdysis and after tiiat, deoeases gradually. These metabolic dianges may 

be eariy indicators of the more dramatic changes in midgut functi<m that are to occur 

î Km reaching the wandoing phase. In the present study tiie peak of oxygen 

ouisumirtion \ ^ d i normally ino'eased in d^-3 or day-4 of both devdoping instars can 

also be corrdated witii tiie high titres of ecdystoiod occurring at these times. 
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In the present study, we found that JH treated larvae recorded lesser amount of 

O2 consumed compared to 20-HE and cAMP treated larvae. Higher O2 consumption in 

larvae treated with 20-HE and cAMP may be correlated to the specific suction of these 

compounds directly or indirectly to the epidermal cells which may induce molting and 

th^d}y higher m^abolic activity. Wh^eas, t}» JH-m treated larvae may not influoice 

molting and they may only help to nuiintain larval diaracto^ so metabolic activity is 

possibly reduced and hence less^ amount of O2 consumption. Howevo*, JH-in treated 

larvae almost always showed highest O2 consumption at the ultimate day of botii the 

instars. But by this time larval development of the 20-HE or c-AMP treated larvae has 

become more advanced witii low metabolic activity and larvae at this stage are resting 

and on the verge of molting ther^ore they consumed low level of Oa- The JH-OI treated 

larvae at the smvs stage are quite active and probably higjh level of metabolic activity or 

difî ^ttiati<»i are in progress and h^ice high^ demand of Q2. 

In the present study, the patten of O2 consumption in cAMP treated larvae are 

more or less similar to 20-HE treatmoit and it may be possible that cAMP directly act 

via PTTH to induce indigenous 20-HE secreticm and activati<m whidi may in turn 

stimulate cellular activity and thereby resulted in higho* O2 c(Hisunq>tioa 

Overall O2 consumption of ii» larvae in both tiie 4^ and 5^ instars are quite 

similar and h^e it was convenient to described the resuh of tormones and cAMP 

treatmaits in common approach. 20-HE treated larvae showed hi^iest O2 consumption 

and this concurred with the findings that extracts prq>ared fiom corpora cardiaca 

stimulate respiratoiy metabolism of tiie whole body. On the otfaô  hand, JH-m treated 

larvae which comparatively slK)wed lower O2 consiU[9ti(Mi during most of the 

devdoping instars are in accord with the suggestion that at the b^mning of an instar, the 

presence or absoice of JH has little effect on the respiratoiy rate. 
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6. Structure of larval int^iument during d««lopment: Correlation with 

hormonal titres. 

It is established that during the last instar development of nK>st insects, 

ecdysteriod level changes dramaticaUy. Thus, correlating ecdysteriod titre to 

integumoitary struc&ire may be convenient to explain the dianges and growA during 

devdopment 

Morphology and structural changes of integumatits of 4th & Sth instars are quite 

similar tiirougjiout development The high columnar morphology of the late larval 

int^^umoit with its structural maturity (prominent epidenaai cells & int^cellular 

spaces) can be correlated to be induced by PTTH & ecdysteriod seaetions, since, such 

homiones are known to be at their maximal levels prior to molting 

bi contrast, the low ecdysteriod level can presumably relate to low cuticular 

growth as can be seen from the smooth and pliable nature of the cuticle wMe the 

epidermal cells and intercellular spaces are also not prominoit. At this time tiie 

epicutide and exodocutide are not dearly distind from each ofter making them difficult 

to idmtify. This condition of cuticular structures revealed diat they have not been or yet 

to be exposed to required amount of ecdysteriod or may be ecdy^t^od have not been 

secreted at this time since the cuticle seemed to be unpr^ared for undergoing tiie 

molting process. 

In the present study, comparing Ae rate of ecdysteriod synthesis and cuticular 

structure^ we can assume that peaks of high ecdysteriod syndesis corresix>nds to hectic 

activity of epidermal cells. At about tfiis time probably the molting gel is secreted, tilie 

epidermal cdls undergo a poiod of mitosis and cdl divisioa The epidermal cell 

population becomes doiseâ , the cells more columnar and prominent, and ti\eir q)ical 

surface is thrown into a series of fme folds. We fouiul that intercellular spaces more 
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prominent than in younger stages and the epicuticle and endocuticle are distinguishable 

probably they are ready to be shed during the preceding molt 

In the pres^it study, low level of integumantary structures upto day-3 in both the 

instars in term of cuticular d^>osition revealed ftat they had not been subjected to 

ecdysteriod action and hence cellular activity was also low. Further, the advanced 

integumentary structure observed in the late s t a ^ of larval development are highly 

expected to have been subjected to hormone action: the time before the molt from larva 

to pupa, protfioracicotropic hormone (FTTH) and ecdysteriods are known to increase in 

volume both in the haonolymph and the prothoracic ^ands (PGs). The PTTH activity 

may contribute to the h i ^ titer of ecdysteriod which thus bring about cuticular changes 

for preparation of the molting process. 

174 



Name:-

DateofBirth:-

Address:-

BIO-DATA 

Collins Z. Renthlei. 

1''March 1975 

CMER & TI, Central Silk Board. 

Govt, of India, Lahdoigarh, Jorhat, Assam 

Qualiflcations: -

1. HSLC-1 Div. Rama Krishna Mission H/S, Cherrapunji. MBOSE. (1991). 

2. PU/Sc- II Div. St.Anthony's College, NEHU, Shillong (1993). 

3. BSc (Zoo)- II Div. St.Anthony's College, NEHU, Shillong (1996). 

4. MSc. (Zoo)-1 Class. Pune University, Pune. (1999) 

Research Experiences 

SI 
No. 
1. 

2. 

3. 

Institution 
Place 
NERIWALM, Tezpur, 
Assam. 
ICAR for NEH Region, 
Division of Entomology, 
Umiam, Meghalaya. 
CMER & TI, Central Silk 
Board. Govt, of India, 
Lahdoigarh, Jorhat, Assam. 

Position 

Project 
Assistant 
Research 
Associate 

Assistant 
Director 

From (Date) 

27.08.2003 

18.10.2004 

1.12.2006 

To (date) 

31.10.2004 

30.11.2006 

Till date 

Paper and Abstracts: 

1. Raghu Varman, A., Hajong, SR., Kharbuli, B., Mamgar, D. and Renthlei, CZ. 

2002. Role of Vitamin T (Torutilin) in the differentiation of soldier caste in the 

termite, Odontotermes distans (Holmgren). Proc XX Symp Reprod Biol Comp 

Endocrinol, 2002. pp. 5-6. 

2. Raghu Varman, A., Dey, S., Gupta, A., Syntem, R., Hajong, SR., Mukhim, 

DBK., Kharbuli, B., Chatterjee, K. and Renthlei, CZ. 2002. Role of haeme 

pigments in the colour vision of workers of the honeybee. Apis cerana var. 



indica (Fab). National Academy of Science, India, 72"** Annual Session, 2002. 

pp.22. 

3. Raghu Varman, A., Hajong, SR., Kharbuli, B., Ac, B., Renthlei, CZ. and 

Kroeger, H. 2003. Induction of puffs in the polytene chromosomes of the 

salivary gland cells of the middle IV instar larvae of Chironomus khesiya by 

spermine, RNA-polymerase and cyclic-AMP. Proc XXI Symp Reprod Biol 

Comp Endocrinol, pp. 63. 

4. Renthlei, C.Z., Chakravorty, R., Kharbuli, B. and Raghuvarman, R. (2007). 
Effect of Juvenile hormone III (JH III), 20-hydroxyecdysone and adenosine-3', 
5'-monophosphate (cAMP) on egg hatching of eri silkworm, Philosamia ricini 
(Lepidotera: Satumidae). Regional Symposium on Current Research Thrust in 
Animal Sciences: Interface with End Use Researchers and Stake Holders. 
NEHU, Shillong. March 15-16,2007. Page 43. 

5. Renthlei, C.Z., Chakravorty, R., Kharbuli, B. and Raghuvarman, R. (2007). 
Logarithmic weight increase and morphology of last instar integument of the 
eri silkworm, Philosamia ricini (Lepidotera: Satumidae). Regional Symposium 
on Current Research Thrust in Animal Sciences: Interface with End Use 
Researchers and Stake Holders. NEHU, Shillong. March 15-16, 2007. Page 41. 

Seminars/SymposiumsAVorkshops attended: 

1. The National Academy of Science, India, 72"^ Annual Session, (October 25*-

27*, 2002) held at North Eastern Hill University, Shillong-22. 

2. National Roving Seminars on Patenting in Biotechnology (October 27th, 2002) 

organized by the Dept. Of Biotechnology, Ministry of Science and Technology, 

New Delhi, at the Bioinformatics Centre, North Eastern Hill University, 

Shillong-22. 

3. Thirteenth National Symposium on Environment (June 5*-7*, 2004). Focal 

Theme: Mining of Energy Resources-Environmental Management, Sponsored 

by Board of Research in Nuclear Sciences. Dept. of Atomic Energy, Govt, of 

India. 

4. Regional Consultation on Farmers' Issues (Eastern India) (3^''-4* Nov. 2004), 

organized by The National Commission on Farmers (NCF), MS Swaminathan 

Research Foimdation (MSSRF) and United Nation's World Food Programme 

(UNWFP) at the ICAR Research Complex, Umiam, Meghalaya. 



5. International Year of Rice 2004 ( 5 * - 6 * Nov. 2004). Workshop on Rice 

Heritage of the Northeast - Challenges, Opportunities and Strategies for the 

future, organized by M S Swaminathan Research Foundation (MSSRF) and 

ICAR Research Complex for N E H Region, Umiam, Meghalaya. 

6. National Symposium on Citriculture: A road map (22"'* - 2 4 * Feb. 2006). 

Organised by Indian Society of Citriculture, Nagpur in collaboration with 

National Research Centre for Citrus, Nagpur and ICAR Research Complex for 

N E H Region, Umiam, Meghalaya. 

7. Attended seminar on HPLC: Principle and Applications (25* April, 2006), 

organized by Waters India Ltd. Kolkatta and SAIF, NEHU, Shillong at Bijini 

Complex, Lautumkhrah, Shillong. 

Fellowship Awarded: 

1. Mizoram State Fellowship, Directorate of Higher and Technical Education, 

Government of Mizoram 

2. North Eastern Council Fellowship, Govt, of India, Shillong. 
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