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Abstract. An equational model to evaluate the juvenile hormone (JH) level in the haemolymph of the last 
larval instar of the Eri silkworm Phiiosamia ricini has been designed. The model is based on morphological 
responses obtained after injecting 5th instar larvae with triprene at a dose of IfLg, time of injection (in 
days), larval duration, reprogramming day of the epidermal cells and weights of injected larvae. The equ
ational percentage of cropus allatum activity (JH-Ievel) is given by: 

XWX 100 

where J ms is the maximal score of juvenilization (50 points), J os is the obtained score of juvenilization after 
injecting a larva with llLg triprene, LD is the prolongation of larval duration (in days), D

t 
is the time of 

injection (in days), Dr is the time of rlprogramming of epidermal cells (5th day), W is the weight of an 
injected larva in grams. 

To test the proposed equation, the fluctuation in the JH level in the haemolymph of the last larval 
instar of P. ricin; was studied using the equational model. Simultaneously the fluctuations in the JH level 
were studied using well established assays such as the histometrical studies of the corpora allata (CA) dur
ing the 5th larval instar or experimentally, by evaluating IH-level in the extracts from larval haemolymph 
using scoring assay of P. ricin; pupae. It seems clear that there is a general similarity between the results 
obtained from the above-mentioned techniques and those obtained from the equational model. 

The present study presents a novel equation which has faciliated (i) a comparison of juvenile hormone 
(JH) titres of En-silkworm larvae treated with different compounds; (ii) a study of fluctuation in the JH 
level during last larval instar of P. ricini under control conditions or different treatments. 

Introduction 

In an early comparative morphological study of corpora aUata (CA) Nabert clearly 
expressed the opinion that the CA are endocrine in function [1]. The active role of 
the CA hormone Guvenile hormone; JH) in producing larval characters was recog-
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nized [2]. This discovery was confirmed by a number of papers dealing with various 
insect species [3-5]. Recently, analogues and antagonists of JH have been used to 
control pest populations [6]. The commercial application of JH analogues (JHA) 
against lepidopterous insects has been delayed because the insect endocrine 
dynamics are far from the simple model system which was speculated. 

The major classic methods to study an insect endocrine gland such as the CA are 
divided into morphological, experimental and chemical methods. The morphologi
cal-method contains histometrical and histochemical studies ofthe gland. Changes in 
the volume of CA during larval development have been studied [7]. The pattern of 
growth in the CA differs according to insect species. In lepidopterous insects the 
number of cells in the CA remains constant but the CA volume is approximately dou
bled in each larval instar as a result of cell enlargement [8]. The maximal increase in 
CA volume occurs at the time of ecdysis [8]. The increase of CA volume is an indi
cator of the increase of its secretory activity and JH release [9]. The experimental 
approach to study the CA activity involves transplantation and allatectomy experi
ments [10], cross-circulation experiments [11] scoring assay [12,13] and wax cuticle 
tests [12]. Chemically, the JHs have been identified [14 -16]. The industrial interest 
in juvenoids was initiated by the discovery of JH activity in American paper products 
[17]. Hundreds of juvenoids have been synthesized or extracted from plants [18]. 

The Eri-silkworm Philosamia ricini Boisd. is one of the most extensively inves
tigated insects in our laboratory. During the present investigation a novel technique 
for estimating CA activity has been added to our previous assays [19-21]. Data based 
on the experimental approach were used to generate an equation which gave an 
expression of the percentage of JH activity. Moreover, to evaluate the efficiency of 
this equation, the calculated JH activities were compared with data obtained from 
well established techniques. 

Materials and Methods 

Exper;-Rtal iRsects 
All experiments were performed on the Eri silkworm Philosamia ricini Boisd. 

(Lep., Saturniidae). According to the covnentional method [22], P. ricini were 
reared on castor oil leaves at normal laboratory conditions of 25±2°C with 75±5% 
RH. 

Extraction procedllre 
To study fluctuations in the JH level during the last larval instar of P. ricini, 15 

ml haemolymph of larvae at different ages (0, 2, 4, 6, 8 and 10 days) were collected. 
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During the present study, the extraction procedure to prepare crude JH extracts out
lined by Williams [23] was followed out. The haemolymph was extracted with several 
portions of diethyl ether. The pooled ether extracts were washed with several vol
umes of saturated sodium chloride solution to prevent the formation of emulsions. 
The ether extract was evaporated, and the residual golden oil was dried in vacuo at 
60°C to remove the last trace of ether [12]. 

Scoring assay of P. ricini pupae [13] 
The extracted oily material was dissolved in one ml peanut oil for injecting 20 

pupae of P. ricini (12 ± 6 hr old). A pupa was injected with 50 ILl and incubated at 
20 ± 2°C with 65 ± 5% RH to emerge (Table 1). This bioassay is based on points 
awarded for the degree of juvenilization. The assay is based on eight easily recog
nized morphological characters. These include the antenna, the head capsule, the 
compound eye, the antenna cleaner, the tarsus, the thoracic tergites, the abdomina 
and the male genitalia. The emerged individuals were carefuly examined. From 0 to 
5 points are awarded for the degree of juvenilization of each of those eight charac
ters. After adding total points obtained by an emerged insect, the percentage of 
juvenilization was calculated. Since 1980 this assay has been employed routinely in 
our laboratory and it has faciliated detection of juvenilizing effect of an extract and 
a comparison of the JH activities of different extracts. 

Measurement of the CA volume 
It is generally known that the surface area of a body and its volume vary with the 

square and cube of its radius respectively. So measurement of the CA surface area 
has been considered an indicator of its volume. To study fluctuations in the corpora 
allata (CA) volume during 5th larval instar of P. ricini, selected larvae at different 
ages (0, 2, 4, 6, 8 & !Odays) were dissected and CA were permenantly mounted. The 
mean area of CA for each selected age was calculated from planimeter measure
ments of top-view camera lucida drawings of 20 glands. 

Juvenoid 

Triprene a JHA (ethyl-ll methoxy-3, 7, I1-trimethyldodeca- 2, 4 dienethiolate) 
was kindly provided by Dr. G.B. Staal Zoecon Research Institute, Sandoz Crop Pro
tection, California, USA. The JHA was dissolved in peanut oil [12] and a tested larva 
was injected with 5 ILL 

Statistical analysis 
The present data are expressed as means ± SO. 



~ 

Table I. The effect of the injection of Triprene into last instar larva of P. rlclnl at different ages 

Measured Time of injection (in days) 
parameters s: 

2 3 4 5 6 7 8 9 10 11 
0: 

Mortality (%) 31.25 62.50 43.75 50.00 43.75 62.50 87.50 37.50 31.25 37.50 31.25 
~. 
• 
" a. 

Larval :;: 
duration (days) 19.6 22.5 19.9 20.7 18.4 18.2 16.0 18.8 19.3 18.9 19.1 • 'lS. 

'" • 
Extra larval ;t 

" instar% 0.00 0.00 0.00 12.50 56.25 31.25 0.00 0.00 0.00 0.00 0.00 ~ 
0 
5· 

Larval-pupal 
intermediates % 68.75 37.50 50.00 37.50 0.00 6.25 12.50 56.25 56.25 31.25 62.50 

Pupation % 0.00 0.00 6.25 0.00 0.00 0.00 0.00 6.25 12.50 31.25 6.25 
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Results and Discussion 

Fluctuations in the JH level during the last larval instar of P. ricini 
The JH titre in the haemolymph fluctuates during the last larval instar of 

lepidopterous insects. Two peaks of JH have been detected, the first at the beginning 
of the instar and the second before the prepupal stage [24]. 

To study the fluctuations in the JH level during the last larval ins tar of P. ricini, 
the hormone was extracted from haemolymph of 5th instar larvae (0,2,4,6,8, & 10 
days old) andjuvenilizing activities ofthese extracts were evaluated using the scoring 
assay for P. ricini pupae. As indicated in Fig. 1, after the fourth ecdysis (0 day-old) 
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Fig. 1. Evaluation of fluctuations in the JH level in the haemolymph during the last larval instar of P. 
ricini. Scoring assay of P. ricin; was used to estimate the percentage of juvenilization in the 
haemolymphal extracts 
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the JH started to increase to its first peak (4 days old) then decreased to the minimal 
level (6 days old). The JH level rapidly increased to its second peak (8 days old) then 
decreased just before the prepupal stage (10 days old). These data were similar to 
those obtained by other authors [8, 24]. 

On the other hand it is well established that a CA volume is an indicator of its 
secretory activity [9]. So, the histometrical study of the CA is routinely used in our 
laboratory to evaluate JH level. As shown in Fig. 2 the fluctuations in the CA surface 
area completely confirmed the data experimentally obtained (Fig. 1). 
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Fig. 2. The fluctuations in the CA volume during the last larval instar of P. ricin; 

From both histometrical and expeimental methods which were used, one can 
figure the fluctuations in the JH level during the last larval instar of P. ricin;' Also, 
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these data confirmed that there is a positive correlation betwen the CA volume and 
its activity in larvae of the Eri-silkworm. 

Determination of the epidermal cells reprogramming period of P. ricini last larval 
instar 

Many authors reported that the epidermal cell genetically reprogrammes itself 
at a certain stage in its cycle during a larval instar or the pupal stage [6, 18, 25]. This 
period is called "reprogramming period." It is assumed that ecdysone forces the 
epidermal cells to reprogramme themselves while during this period the genetic sys
tem is influenced by JH titre [6]. 

To determine this period, 5th instar larvae of P. ricini were grouped at different 
ages (from 1 to 11 days old). Each group consisted of 32 larvae at the same age. From 
a preliminary experiment a dose of 2 p.g triprene/larva was chosen for injecting all the 
tested larvae. Mortality (death before ecdysis), larval duration, ecdysis to an extra 
larval instar, abnormalities and pupation were recorded. As shown in the table the 
reprogramming period was at the 5th day of the last larval instar whereas 56.25% of 
the tested larvae (100% of alive insects) moulted to an extra larval instaT. From tabu
lated data, it is apparent that when JHA was injected too long a time before the 
reprogramming period it was ineffective. Also as would be expected, the injection of 
a juvenoid too long after the period was likewise ineffective. 

An equational model evaluates JH level during last larval instar of P. ricini 
One of the prerequisites needed for our continuing studies on insect endocrinol

ogy was to find out a reliable, faster and easier technique which helps to evaluate the 
level of JH and its fluctuations during the last larval instar of P. ricini. 

This technique was mainly based on the morphological response which resulted 
from injecting a 5th instar larva with 1 p.g triprene. Fig. 3 illustrates the morphological 
forms obtained after treatment with JHA. Those insects showing normal pupal 
characters (Fig. 3, F) receive no points while those exhibiting a completely larval 
characters (an extra larval instar, Fig. 3, A) receive 50 points. Larval-pupal inter
mediates B,C,D and E (Fig. 3) receive 40, 30, 20 and 10 points respectively. Also lar
val duration, time of injection, reprogramming day and larval weights were consi
dered. 

On light of the negative correlation beween the natural JH titre in an insect 
haemolymph and the degree of juvenilization resulted from a treatment with a JHA, 
we proposed a model of an equation for estimating the JH-level in haemolymph of 
last larval instar of P. ricini. The equational percentage of CA activity is given by: 
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Fig. 3. Morphological forms obtained after the treatment of the last larval instar of P. ricin; with a 
juvenoid, (A) an extra larval instar, (B-E) larval pupal intermediates and a normal pupa (F) 



where: 
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Jm,-[Jo, + LDp + J(D,-D,)21 xwx 100 

Jm, 

Jm, maximal score of juvenilization (50 points). 

Jo, obtained score ofjuvenilization after injecting a larva with ll-'g triprene. 

95 

LDp prolongation oflarval duration (duration of an injected larva-mean duration 

of control larvae) in days. 

D, Time of injection (in days) 

D, = Time of reprogramming the epidermal cells (5'h day). 

W Weight of an injected larva in grams. 
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Fig. 4. the Ouctuations in the JH activity during the last lanai instar of P. ricini. JH level was evaluated 
using the proposed equational model 
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Tests of the equational model 
To test the equation, fluctuations in the JH-Ievel during last larval instar of the 

Eri silkworm were studied. Larvae at different ages (from 1 to 11 days old) were 
grouped. Each group consisted of 20 larvae at the same age. Larvae were injected 
with a dose of l/Lg tripreneilarva. The degree of juvenilization, larval duration, and 
weights of injected larvae were recorded. By equating this information, fluctuations 
in the JH level were illustrated (Fig. 4). Comparing the results of fluctuations in the 
JH-Ievel obtained from the equational model (Fig. 4) with the results obtained from 
both the histometric method (Fig. 2) and experimental method (Fig. 1), it seems 
clear that there is a general similarity between them. This comparison indicates the 
reliability of the equation. 

In conclusion we have proposed an equation to evaluate a JH-Ievel in the 
haemolymph. This equation has faciliated: (i) a comparison of the JH titre ofthe Eri 
silkworm larvae treated with different compounds; (ii) a study of the fluctuations in 
the JH level during last larval instar of P. ricini under control conditions or different 
treatments. Though the equation was developed for P. ricini last larval ins tar we anti
cipate it can easily be adapted to other lepidopetrous insects. 
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