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Introduction

Since Wyatt and Kalf demonstrated that the

major blood sugar in insects is a-trehalose',2l, a

non-reducing dimer of a-glucose, many reports

have appeared on the physiological role ·of

trehalose as the circulating form of carbohydrate

cellular food and as a biochemical characteristic

substance of insects3,',5l.

In holometaborous insects, the concentration of

blood trehalose changes during normal physiolo

gical process. The protein concentration in
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hemolymph also shows a similar change during

molting and metamorphosis.' Although the pro

files of protein from insect blood and tissues

suggest that the most abundant proteins, which

mainly exhibit enzymatic properties".", are not

essentially different between larva. and adult,

there are well-marked quantitative and perhaps

minor qualititative differences in the blood

proteins of both sexes in various insects",

As there were little consistent data on blood

trehalose and protein titers of both sexes from

the larval to adult stages, we first determined

the amount of trehalose and protein of male and

female hemolymphs separately from the early

5th instar to adult emergence of both silkworms

and Eri-silkworrns. Secondly, the blood after

castration was used for determination of sugars

and protein titers in order to confirm the effect

of sex difference. Thirdly, the brainless diapaus

ing pupae were used for comparison of the

amount of blood sugar and protein after the arrest

of metamorphosis.

The present paper deals with the changes in

blood sugars and protein titers in normal and

castrated males and females during metamor

phosis and in debrained diapausing pupae.

wound was left intact after the blood had been

wiped off. Corresponding wounds without re

moving the organs were made on the controls.

For experiments on the arrest of metamorphose,

the brain of Eri-silkworm was removed within

4-20 hours after pupation under anesthesia by

chilling and the wound was coated with melted

paraffin. All pupae thus operated entered the

diapause permanently. These brainless diapausing

pupae served as sources of blood 3-180 days after

operation.

Reduced sugars were determined by Scott and

Melvin's method", trehalose by Wyatt's method"

and protein by micro-biuret method using bovine

serum albumin as a standard-s'. Glucose was

eventually estimated as' the remainder after the

amount of trehalose was subtracted from the total

reduced sugar amount.

Results and Discussion

Silkworm-trehalose

In the case of female silkworms, the blood

trehalose titer reached maximum level at the 3rd

day of the 5th instar, and thereafter decreased

slowly to minimum level on the 3rd day of the

5L 1\1 P A
1 3 5 1 3 1 3 5 7 9 1 2 day

Fig. 1. Changes in blood trehalose titer during
morphogenesis of silkworm.

L: larval stage; M: mature larval stage;
P: pupal stage; A: adult stage.
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Materials and Methods

Silkworm, Bombyx mori, and Erl-silkworrn,

Samia cynthia ricini, were used as the source of

blood. The former was reared on fresh mulberry

leaves during the whole larval life and the latter

on artificial diet. Males and females were

separately reared from the 4th instar stage

onward.

Blood was collected by cutting legs or skin

into an ice-cooled tube containing phenylthiourea

every other day from the 1st day of 5th instar

to 1-2 days after emergence, and stored frozen

until assayed. A quadruple volume of saline

solution was added to the blood immediately after

thawing (final 5 X diluted blood) and centrifuged

at 2500xg for 2 minutes to remove blood cells

and other tissue fragments. The resulting super

natant was used for assays of sugars and protein.

In castration experiments, both gonads were
removed from silkworm larva on the 3rd day of

the 4th instar larva without anesthesia and the

16



A
I 2 day:7 93 5

- norrnal

- - - castrated

-_ .. ----.,

A

n
male

female

5L M P
I 3 5 1 3 I

~~
5L M P A
1 35 I 3 I 3' 5 7 9 I 2 day

Fig. 2. Changes in blood glucose titer during
morphogenesis of silkworm. Symbols
are explained in Fig. 1.

Silkworm-protein

In the case of females (Fig. 3A), the level of

hemolymph proteins increased during the 5th

instar larval stage and reached maximum in the

mature larval stage. From the prepupal stage

to pupation, the protein titer fell slowly and rose

again at the 5th day after pupation, then it

decreased suddenly just before adult emergence.

The fat body is an important site of synthesis

and storage of proteins and begins to histolyze

in the early pupal stage (before and after the

3rd day of pupa)especially in females U , I7l . A

great amount of' protein granules liberated into

the blood following histolysis of the fat body,

would cause temporary increase of the blood

pupal stage when the fall of blood trehalose was

observed. The periods of increasing glucose

corresponded to the intermolt stage (Fig. 2).

In the case of castrated females (Fig. 2A), as

glucose' was consumed only by imaginal differen

tiation but not by egg formation, the increase

of blood glucose during the later part of adult

development seemed to be reasonable.

On the other hand, in the case of males (Fig.

28), since the gonadal development and differen

tiation had gradually progressed from the 5th

instar larval stage, castrated specimens showed

a similar pattern to normal ones for both trehalose

and glucose.
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Silkworrn-e-glucose

Generally, trehalose is hydrolyzed by trehalase

to glucose which is utilized for metabolism of

the cells, Blood glucose was scarcely detected

during the 1st to 5th days of the 5th instar larva
when the trehalose level was very high but reached

the maximum level at about the 3rd day of the

pupal stage, It azaln increased at the middle of

the pupal stage, then decreased durin~ imaginal

diCCerentiation (Fig, lA). On the other hand, in

the case of males, the titer of blood trehalose

reached maximum level in the mature larval

stage, arid the minimum level in the early pupal

stage, in females. Then it increased again and

reached the second peak at the 9th day of the

, pupal stage and suddenly decreased at the time

of emergence (Fig. IB). Generally, the blood

trehalose in both sexes increased after maturation

to pupation and increased again in the post

intermolting stage.

The trehalose increase during the first half

stages of the 5th instar larva and pupa seemed

to depend on the inhibition of trehalase activity

in the hemolymph during the intermolts!".

According to Candy and Kilbyl2,13>, the hemo

lymph trehalose is used not only for metabolic

purposes, but also for providing carbohydrate

material during chitin synthesis by the epidermis

cells which appear to lack trehalase".'!'.
Epidermis cells utilize glucose liberated by the

enzymatic hydrolysis of blood trehalose. There

fore, the fact that the trehalose amount decreased

at the latter half of the 5th instar and the

pharate adult stages may result from consumption

for the new cuticle formation.

The time when the amount of blood trehalose

was decreasing at the later pupal stage corres

ponded to the stage of egg maturation and/or

yolk deposition. Since the blood trehalose of

pupae gonadectomized in the 4th instar larval

stage increased during the late pupal stage rather

than decreasing, some trehalose may also be

consumed during the process of egg development.

On the other hand, the concentration of blood

trehalose of castrated males was at a slightly

lower level than the normal ones at the same

stage.
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Erl-sllkworm-e-trehalose, protein

Blood trehalose of both male and female Eri

silkworms showed the same change pattern at a

similar level (Fig. 4). That is, it reached the

maximum level from the middle stage .of the 5th

instar larva to the mounting stage, then decreased

rapidly to the minimum level before pupation.
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Changes in blood protein titer during
morphogenesis of silkworm. Symbols
are explained in Fig. 1.
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Fig. 5. Changes in blood protein titer during
morphogenesis of Eri-silkworm. Symbols
are explained in Fig. 1. Protein titer 180
days after debraining is shown on the
right- side.

It increased again at pupation and quickly fell

back to the minimum level again in the 3rd day

of the pupal period. During the 3rd-9th days of

the pupal stage, it remained at a low level and

increased again during the late pupal to the

adult stages. Except for the point of the second

increase at pupation, ,the general tendency of

blood trehalose in both Bomby« and Samla

seemed to be the same.

Protein in blood of normal females and males

increased from the early 5th larval stage,

decreased a little at pupation but increased again

protein at the middle pupal period. The high

concentration of blood protein thus accumulated

seems to be also utilized for the female specific

metabolism. The fact that in the castrated

females, blood protein was kept in a rather high

lev~l from the 3rd day of the pupal stage to

adult emergence, when compared with normal

females, may support our conjecture.

In males (Fig. 3B), protein increased during

the 1st day of the 5th instar to the mature larval

stage as in females. Contrary to females, a

constant level of blood protein titer continued

after maturation to 2 days before emergence. It

is not easy to explain why the different tendency

of the protein titers in the sexes appeared after

maturation. Since the blood protein titer of the

castrated males did not differ from the normal

specimens, it might depend on the difference of

gonadal development. Spermatogenesis becomes

more active at the end of the 5th ins tar larval

stage18) and after pupation, protein or sugars

would not be much utilized for the development

of male gonads when the egg develops in the

female. This may. be the reason that the protein

level was constant during the pupal stage.

SL M·P
135713413

..... I.mal<
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during the middle pupal stage. It remained at a

high level until just before adult emergence

(Fig. 5).

The amount of protein in female blood was
much high than that in males after maturation

to the adult. This may be due to the fact that

female specific protein l D) starts to appear from

the late 5th instar larvaand increases in number

and amount during the pupal stage.

Protein in blood was also investigated using

debrained pupae (Fig.5, left end). Even in brain

less pupae 180 days after operation, the protein

titer was almost unchanged compared with normal

pupae just after pupation, same as seen in the

case of sugar.

These facts show the reliability of the arrest

of morphogenesis, caused by the permanent

artificial diapause upon removal of the brain.
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Summary

1. Changes in titer of the blood sugars and

protein during morphogenesis of Bombyx and

Samia were investigated.

2. Generally, in both females and males of

Bombyx, blood trehalose increased during the first

half stages of the 5th instar larva and pupa, and

decreased before pupation and emergence.

3. In castrated females, the amount of treha

lose did not decrease before emergence unlike in

normal females. This suggests that some trehalose

was consumed for egg formation and/or yolk

deposition. In castrated males,' the blood titer

of trehalose was the same as in normal ones.

4. Change in titer of the blood protein of

female Bombyx was similar to that of trehalose,

although the two peaks had shifts of 2-3 days

after the trehalose peaks. On the other hand, in

castrated females, it remained at a high level

during the late pupal stage. This suggests that

some protein is utilized for egg formation, as

with trehalose.

5. Contrary to females, male blood protein

remained at a high level after maturation to

just before pupation. No sex difference appeared

in the protein titer between females and males.

6. Glucose, both in females and males, was

scarcely detected in the blood except in the

intermolt stages.

7. mood trehalose of Samia in both females

and males showed the same change with a similar

level. The general tendency of both Bombyx and

Samia seemed to be the same except that only

Samia had an additional peak at pupation.

8. The blood protein level also showed no

sex difference, protein increased in titer from

the early 5th larval stage and decreased once at

pupation, then remained at a high level until.

just before emergence.

9. In the case of debrained diapausing pupa,

both blood sugars and protein did not change

even after 180 days, showing exactly the same

titer as normal pupa just after pupation.
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5. ? I) ~ /~:r. Dacus cucurbitae Coq, 0)~t!IlU':;IS~1a:9 tepa, metepa ;IS~11 hempa
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Benschoter and Paniagua" showed that the

longevity of Anasirepha ludens was not effected

when it was fed on a diet containing 2.096 biotin

and similar results were obtained by Haniotakis

and Galachtlou" who exposed Dacus oleae to

residual films containing 0.620 to 1. 240 ml/m2 of

metepa for 0.5, 1. 3 or 5.0 minutes. However,

these findings relate to fruit flies other than

D. cucurbitae and the author is not aware of any

such studies concerning D. cucurbitae. It was

therefore, considered desirable to find out if tepa,

metepa or hempa could effect the bionomics of

this species.

Method and Materials

Freshly emerged flies were obtained from nor

mal laboratory colonies and were divided in two

groups, one of which was allowed to feed on

sugar treated with different concentrations of

tepa, metepa or hernpa for three days while the

other was maintained on normal fly food. After

72 hours, the flies living on the treated food

were also provided normal diet. Virginity of the

females was self insured as copulation invariably

starts in this species' after about 15 days of

emergence. Sexing was done after. 7 days and

single pair reciprocal crosses were established

between treated and untreated males and females

20

as also between treated males and treated females

by placing them in small cages, 3 X 3" in size

and constructed of wire frames covered over by

mosquito netting. Five pairs of each type were

studied to find out the rate of oviposition,

fertility of eggs and the longevity of the adults.

Results

The results obtained are presented in tables

1 to 3. All the chemicals tested, reduced the

fecundity of the females but such reduction was

more pronounced when the flies were treated

with different concentrations of hernpa, The

sterility effects of the chemosterilants on males

and females were different but the females were

less susceptible to the chemosterilants than the

males. This substantiates the earlier observations

of Keiser et al.3) who found that the females of

D. dorsalis, D. cucurbitae and C. capitata were

less susceptible to sterility effects of apholate,

tepa, metepa and tretamine. Males treated with

0.0078, 0.0156, 0.03125 and 0.062596 tepa and

mated with untreated females induced 25.05,

45.4, 71. 9 and 81. 48% net sterility as compared

to 18.51, 25.46, 65.88 and 72.54% net sterility

obtained when treated females were confined with

the normal males. A similar pattern was observed

in the case of metepa, where a net sterility of


