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S. B. MAGADUM and R. K. DATTA

Silkworm Physiology Laboratory, Central Sericultural Research
and Training Institute, Srirampura, Mysore-§.

ABSTRACT

The anti-juvenoid, SSP-11 ((E) 4-chloro-a, a, a-trifluro-N [1 (IH-imidazole-1-y1)-
2-propoxy ethylyledene] O, toludine) was used to induce trimoulters from tetra-
moulter larvae of the silkworm, Bombyx mori (race NB7). The compound was fed
for two days through an artificial diet at the concentration of 200 ppm to newly ec-
dysed 4th stadium larvae. Body and silkgland fresh weight were recorded daily in
the 4th larval stadium and protein profiles of haemolymph, fat body and silkgland
were determined at the end of the stadium. In larvae treated with SSP-11, feeding
period in stadium 4 was prolonged by 3-4 days and 80-85% of the larvae started to
spin as trimoulters. Eight and thirty fold increases in the larval body and silkgland
weights respectively were the result of SSP-11. Further, total proteins, total carbo-
hydrates, glycogen and nucleic acid (DNA & RNA) also increased. The activity
levels of alanine aminotransferase and aspartate aminotransferase increased signif-
icantly than in the control indicating increased mobilization of aminoacids into

transamination activities.

Introduction

The role(s) of ditferent juvenile hormone ana-
logues (JHAS) viz., methoprene, triprene, and
diflubenzuron in regulating growth and develop-
ment in the silkworm, Bombyx mori have been es-
tablished (Washida 1984, Gaaboub ct al. 1988).
They prolong the feeding period of 5th stadium
larvae and increase silk protein synthesis (Wash-
ida 1984). On the other hand precocious meta-
morphosis could be induced by introducing
chemical compounds with anti-TH bioactivity (-
Akai et al. 1984, Gu et al. 1988). Kuwano et al.
(1983) reported that certain biologically active
terpenoid imidazole compounds when adminis-
tered topically to 8 h old 3rd stadium larvae show
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anti-JH activities in silkworm. SSP-11 and KK-42
were reported to be anti-juvenoids and work
more effectively for the induction of trimoulter-
ization in silkworm when applied to 3rd or 4th
stadium larvae (Akai et al. 1984, Kiuchi et al.
1985) where the larvae undergo moulting only
three times in place of normal four moults. Sev-
eral studies concerning larval development. co-
coon production, quality of silk fibre and fecun-
dity in silkworm after treatment with anti-ju-
venoids have been reported (Akai et al. 1984,
1986, Kiuchi et al. 1985, Kimura et al. 1986, Gu et
al. 1988).

The available literature on the effect of anti-
juvenoids in insects is confined to larval growth,
cocoon production and fecundity. Its involve-
ment in the weight and tissue composition re-
mains to be explored. Therefore, the present
study has been undertaken in order to assess the
impact of SSP-11 on the weight and composition
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of selected tissues of silkworm, such as haemo-
lymph, fat body and silkgland.

Materials and methods

Insects

One laying (400 eggs) of silkworm (Race NB7) was
brushed on artificial diet (Anonymous, 1994) and
rearing was accomplished at LD 12:12 photoperiod,
85+2% RH and 28+19C temperature during stadia
Ist-3rd and 70£2% RH and 26+ 1°C temperature
during stadia 4th and 5th,

Application of SSP-11

The emulsion of the anti-juvenoid SSP-11 ((E) 4-
chloro-a. a, a-trifluro-N [1 (1H-imidazole-1-y1)-2-
propoxy ethylyledene] O, toludine) was used to in-
duce trimoulters from the tetramoulter larvae. The
emulsion was mixed with the diet just before feeding
at a concentration of 200 ppm. This was fed to 200
newly ecdysed 4th stadium larvae for two days which
were separated from the general stock. Larvae which
did not respond to the treatment, underwent 4th
moult to become 5th stadium.

Collection of tissues

Silkgland (SG), of five larvae each was dissected out
from 4th stadium larvae everyday until spinning
(treated) or ecdysis (control) and its weight along
with the total larval body weight was recorded, The
fat body (FB). haemolymph (HP) and SG were ob-
tained from the 4th stadium larvae during spinning
for biochemical analysis. The HP was drawn into
clean Eppendorf tubes which contained a few crys-
tals of phenyl thiourea and stored at -20°C. The FB
and SG were separated, freed from adhering connec-
tive tissue, washed in physiological saline (0.85%
NaCl) and excess saline was blotted with millipore
filter paper. The required amount of cach tissue was
weighed to the nearest (.1 mg and used for biochem-
ical analysis.

Biochemical analyses
The % silkgland over fresh body weight was deter-
mined by taking the total weight of the SG and total
body weight of the larvae by using the following for-
mula: % SG over body weight = weight of SG:
weight of the body x 100

The levels of protein (Lowry et al. 1951), nucleic
acids (DNA & RNA) (Munro and Fleck 1966), free
amino acids (Moore and Stain 1954), total carbohy-
drates (Carroll et al. 1956), glycogen (Montgomery
1957) and activities of alanine aminotransferase.
AIAT (EC 2.6.1.2) and aspartate aminotransferase,
AAT (EC 2.6.1.1) (Reitman and Frankel 1957) were
determined in the HP, FB and SG of control and
treated larvae. The enzyme assays were made under
conditions following zero order kinetics after prelim-
inary standardization regarding linearity with respect
to time of incubation and enzyme concentration.

Results and discussion

Silkgland and body growth rate.

Asseen in Figs. 1 and 2 the application of SSP-11
resulted in extension of the feeding period of 4th
larval stadium from 4 to 8 days. All the larvae
started to spin as trimoulters and produced
smaller cocoons than the tetramoulter control
larvae did. The weights of the control larvae in-
creased in a straight line until they reached a pla-
tacu on day 4 (Figs. 1 and 2). However, the feed-
ing period of the larvae treated with SSP-11 pro-
longed, and the larvae continued to increase their
body weight by eight fold (2265 mg vs. 280 mg)
and SG weight by thirty fold (399 mg vs. 12 mg)
until day 8 during 4th stadium. But the control
larvae put on only three fold increase in body
weight (876 mg vs. 280 mg) and four fold increase

TABLE 1. Effect of 200 ppm SSP-11 in the larval diet on the protein, amino acid, carbohydrate and enzyme contents of

the haemolymph of silkworm. Means + SD of 5 replicates.

Parameter Control SSP-11 % change &
(mg/ml) treated P value
Total protein 40.32+4.20 48.66+3.79 +20.68
(P=0.001)
Free amino acid 5.10+0.31 4.08+0.26 —20.00
(P=<0.001)
Total carbohydrates 31.22+2.78 34.35x2.12 10.03
(Pd0.05)
Glycogen 0.0560.004 0.0600.005 +7.14
(P<00.05)
AIAT* 0.097+0.007 0.103£0.006 e
AAT™* 0.068+0.004 0.070£0.004 NS
AAT/AIAT 0.701 0.680 -3.00

* wmoles pyruvate formed/mg proteins/hr.
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Fig. 1. Effect of SSP-11 on the larval weight of silkworm
during stadium 4. Each value is mean of 5 replicates.

in SG weight (49 mg vs. 12 mg) till day 4 of 4th
stadium, the day of 4th ecdysis. The result was a
significant increase in the % silkgland over the
fresh body weight in the treated batches than in
the control (Table 3). This allometric or hetero-
genic increase of larval body and SG weights and
corresponding increase in the % silkgland in the
treated larvae may be due to the extended feed-
ing process during the prolonged period in the
4th stadium and the resultant higher diet con-
sumption. Such an increase in larval weight due
to prolongation of 5th larval stadium when the
4th stadium larve were treated with methoprene
has been reported by Washida (1984). Kubota et
al. (1988) found that when silkworm larvae were
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Fig. 2. Effect of SSP-11 on the silkgland weight during
stadium 4, Each value is mean of 5 replicates.

subjected to SSP-11 treatment once in 3rd instar
or repeatedly, the trimoulters resulted had long-
er 4th stadium duration. This is in agreement
with the present results. This may be the result of
0 metabolic and/or hormonal alterations caused
by SSP-11.

Total Proteins

The results (Tables 1-3) suggest that major alter-
ations oceur in the composition of HP, FB & SG
after the administration of SSP-11. In silkworm,
FB is an active organ involved in protein synthe-
sis while HP serves as the medium for transporta-
tion of proteins to the SG. Administration of
SSP-11 resulted in a significant increase of total
proteins, and nucleic acids in the FB with a corre-

TABLE 2. Effeet of 200 ppm SSP-11 in the larval diet on the protein, amino acid. carbohydrate, neucliec acid and
enzyme contents of the fat body of silkworm. Means = SD of 5 replicates.

Parameter Control SSP-11 % Change &
(mg/g tissue) treated P value
Total protein 156.39+11.78 187.53=10.05 +19.91
(P<0.001)
Free amino acid 39.76%4.10 28.02+2.68 —29.53
(P<0.001)
DNA* 186.20+13.10 214.38+13.75 +15.13
(P<0.01)
RNA 1.386+0.061 1.67220.068 +20.63
(P<0.001)
Total carbohydrates 12.360.68 13.78+0.56 +11.49
(P<0.05)
Glycogen 7.03+0.39 9.38+0.34 +33.43
(P<0.001)
AlAT#* (0.494=0.02 0.618+0.03 +25.10
(P<0.001)
AAT** 0.272x0.01 0.305+0.02 12.13
(P<0.001)
AAT/AIAT 0.551 (.494 ~10.53

i moles pyruvate formed / mg proteins / hr.
** ngfg tissue.
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TABLE 3. Effect of 200 ppm SSP-11 in the larval diet on % SG over larval body weight, protein, amino acid.
carbohydrate, neucliec acid and enzyme contents of the silkgland of silkworm. Means = SD of 5 replicates.

Parameter Control SSP-11 % Change &
treated P value
% SG over fresh 12.73+1.13 17.61+1.48 +38.34
larval weight (P<0.001)
Total protein & 170.16+9.98 222.36+13.01 +30.68
(mg/g tissue) (P<0.001)
Free amino acid & 57.66=%2.05 50.38+2.76 —-12.63
(mg/g tissue) (P<0.01)
DNA & 819.70+38.08 900.96+49.00 +9.91
(ng/g tissue) (P<0.05)
RNA O 2.007x0.112 2.505+0.116 +24.581
(mg/g tissue) (P<0.001)
Total carbohydrates & 16.360.92 19.34+0.87 +18.22
(mg/g tissue) (P<0.001)
Glycogen & 9.46=0.506 11.600.489 +22.62
(mg/g tissue) (P0.001)
AIAT=*= 0.504+0.038 0.688+0.045 +36.51
(P50.001)
AAT** 0.339=0.023 0.401=0.030 +18.29
(P<0.001)
AAT/AIAT 0.673 0.583 -13.37

¥ wmoles pyruvate formed / mg proteins / hr.

sponding increase in the HP and SG suggesting
stepped-up synthetic activities or decreased deg-
radative activities in them (Tables 1-3). The RNA
or RNA/DNA ratio can be considered as an in-
dex of the capacity of an organism for protein
synthesis. Total RNA is, therefore, a measure of
the potential rate of protein synthesis (Ring
1973). Thus a significant increase in DNA (extra
nuclear DNA) and RNA levels in FB and SG
over the control indicates acceleration of protein
as well as nucleic acid synthesis by the treatment.
Since the synthesis of HP, FB and SG proteins
and nucleic acids are controlled by ecdysteroids
(Tojo et al. 1981), the increase of these substrates
indicates the involvement of SSP-11 in the hor-
mone mediated activation of protein synthesis. In
contrast to this, the FAA content of HP, FB and
SG markedly decreased over their respective
control levels which indicates their active mobil-
ization into silk protein synthesis and/or into oxi-
dative activities.

Transaminase activity levels (AAT &
AlAT).

The activity levels of AAT & AIAT were meas-
ured because protein synthesis requires a bal-
anced pool of aminoacids and transamination is
one of the major mechanisms which functions as

regulator of this pool. The FAAs are known to
play a role in meeting the energy demand by their
conversion into keto acids which are fed into the
citric acid cycle through the transamination pro-
cess. Interestingly, in the FB and SG, the AAT
and AIAT activities elevated significantly after
the treatment, which indicates accelerated ami-
noacid catabolism in the tissues. Between the en-
zyme activities, AIAT was higher than AAT sug-
gesting active mobilization of aminoacids for the
synthesis of silk proteins. The AAT/AIAT ratios
were lower in treated larvae indicating a relative-
ly greater diversion of the transaminase pathway
at the pyruvate level, The AIAT activity reflects
aminoacid breakdown and AAT reflects the mo-
bilization of these into gluconeogenesis. Gluco-
neogenesis is the major pathway for the net syn-
thesis of carbohydrate from non-carbohydrate
substrate and occurs via reversal of the glycolytic
pathway. The carbon source for gluconeogenesis
are aminoacids and the decreased levels of FAA
in the tissues suggest that this is providing the
substrate for de novo synthesis of carbohydrates.
Hence, total carbohydrates and glycogen levels
were also measured to establish the correlation
between these and the changes in protein and
FAA after the administration of SSP-11. The lev-
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els of total carbohydrates and glycogen increased
in all three tissues over their respective controls
suggesting an overall accumulation of carbohy-
drate reserves as a prerequisite for the spinning
process in the gland or an increased de novo syn-
thesis in them. Such an increase in carbohydrates
and glycogen in the HP, FB and SG reflects ei-
ther decreased glycogeno-lysis and/or increased
glycogenesis during maturation of the SG.

In general, it can be concluded that the admin-
istration of SSP-11 induces favourable changes in
the composition of HP, FB and SG for an early
larval maturation and precocious metamorphosis
through the mediation of endogenous hormones.
The possible cooperative and/or -antagonistic
interactions of SSP-11 and circulating hormones
on the biochemical mechanism of silk protein
synthesis is not fully known,

Acknowledgement

The authors are highly thankful to Dr. H.
Akai, President, International Society for Wild
Silkmoth, Ibaraki, Japan, for the generous supply
of SSP-11.

Reference

Anonymous (1994) Annual report. 1993-94, CSRTI. My-
sore. India. pp. 68,

Akai, H., K. Kimura, M, Kiuchi and A. Shibukawa. 1984,
Effect of anti-juvenoid treatment on cocoon and co-
coon filaments in Bombyx mori, 1. Serie, Sei, Jpn, 53¢
545-546.

Akai, H., M. Kiuchi, M. and K. Kimura. 1986. Effect of
anti-TH treatment on the size and fine structure of the
cocoon filament of Bombyx mori. J. Seric. Sei. Jpn. 55
1 3RR-396,

Carroll, N.V., RW. Longley and J.H. Roe. 1956. Glycogen
determination in liver and muscle by use of anthrone
reagent. J. Biol. Chem. 220 : 583-593.

Gaaboub, LA., M.S. El Helaly and S.M. Mustafa, 1985.
Food utilization rate of larval growth and fecundity of
Bombyy mort L. (Lepidoptera: Bombyeidae) fed with
mulberry leaves treated with methoprene, triprene
and diflubenzuron. J. Econ. Entomol. 78 ; 1182-1186,

Gu, S.H., Y. Twashita and H. Kawasaki. 1988. Endocrino-
logical changes of trimoulter silkworms treated by an
imidazole compound. J. Serie. Sei. Jpn. 57 : 210-215.

Kimura, K., M, Kiuchi and H. Akai. 1986. Effect of JH an-
alogue and anti-JH treatments on the number and
size Of the silkworm egg. J. Seric. Sci. Jpn. 55 © 335-
337

Kiuchi, M., K. Kimura and H. Akai. 1985, Induction of tri-
moulters from tetramoulter strains of Bombyx moii by
anti-juvenoid treatment. J, Seric. Sci. Jpn. 54: 77-81.

Kubota, T.. M. Kiuchi and H. Akai. 1988. Effect of repeat-
ed treatments of the anti-JH on dietary efficiency and
size of the cocoon filament in precocious trimoulter
silkworm. J. Seric. Sei. Jpn. 57 : 409-414.

Kuwano, E.. R. Takaya and M. Eto. 1983. Terpenoid imid-

azoles. New anti-juvenile hormone. Agri. Biol. Chem.
471 921-923.

Lowry, O.H., N.J. Rosenbrough, A.L. Farr and R.J. Ran-
dall. 1951. Protein measurement with folin - phenol
reagent. J. Biol. Chem. 220 : 583-593.

Montgomery, R. 1975, Determination of glycogen. Arch.
Bioch. Biophy. 67 : 378-386.

Moore, S, and W.H. Stain. 1954. A modified ninhydrin re-
agent for photometric determination of aminoacids
and related compounds. J. Biol. Chem. 211 : 907-913.

Munro, HN. and A. Fleck. 1956. The determination of nu-
cleic acids. Meth. Bioch, Anal. 14 : 113-176.

Reitman, 8, and A, Frankel, 1957. A colorimetric determi-
nation of serum glutamic oxalo acetic and glutamic
pyruvate transaminases. Amer. J. Clin. Pathol. 28 : 56-
63.

Ring, R.A. 1973, Changes in dry weight, protein and nu-
cleic acid content during diapause and normal devel-
opment of the blow fly, Lucilia sericata. J. Ins. Physiol.
19 : 481-495.

Tojo. S., M. Nagata and S. Kimura. 1981. Hormonal con-
trol of storage protein synthesis and uptake by the fat
body in the silkworm, Bombyx mori. 1. Ins. Physiol. 27
1 491-495,

Washida, S. 1984, Influence of juvenile hormone ana-
logues applied at TV instar on larval growth and co-
coon weight in Bombyx mori. J. Insect, Physiol. 16 :
210-215.

KEY WORDS: Bombyx mori, trimoulterization,
silkworm, silkgland, fat body, tissue composition,
SSP-11.



16 ENTOMOLOGIA HELLENICA Vol. 11 (1993)
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IHEPIAHYH

H avriopuovn vedmras ovota SSP-11 ((E) 4 yhmoo-a. a-towpbooto-N [1(1H-uudaloh-1-10h)-2-
moomdEy eBuhadev] O, TohovBivny) YONOLLOTOMON®E VO TOORUAETEL EXOUAN TOOVULLEMY TOITNG
Exdvame Ao uTES TETAETNE £xOvomg netaSoorawinura, Bombyx mori (q@uij NB7). H ovoia 560n-
®E PE TEYVIT ToO e duvo Nuéoeg oe ovyxrévrpmon 200 ppm oe veoexrdvbeiceS mpovippes 4ng
nhziac. To PAEOS TOU CWOIATOS KL TWV HETOEOYOVIV UdEVIV ROTAYQUPOTOY RUBUEQLVAE 0TIV
4n Nl %o 1o TEOQTA TWV TOWTEIVOY THE ALHOAE POV, TOV MITHAOVE OMHUGTOS KUl TMV LETUEO-
YOVOV adEVOHV TOOOOL0DILOTAY 0TO TELOS TS NAxring. e moovinges mou ddbnre 1 SSP-11 4
drdoxeLt dratpognic g 4ng nhuiog emumrivenze ratd 3-4 nuépeg xan 1o 80-85% twv Toovupgpuv
AOYLOOY VL TAELOVY KOUAOUAL 0€ TOOVUQES 31¢ Ex0vang. ORTOTAGOLL ROl TOLUXOVTOTAGOLE (-
Enom ota BAET TOV GOIUTOS TNE TEOVUIEIE KU TOV HETAEOYOVIV COEVIV AVTIOTOLY TUV TO (IT0-
téheou g xoonynonc SSP-11. Emahéoy, o1 ovvolxés mpwreives, vdardvioanec, YAuroyovo nat
vourheind oS€a (DNA =t RNA) avEnnray emiong. Ta enimedo d0aomoloTTaS e aivo-
TOUVOGEQATNG TS CAUVIVIS %Ol TOU aoTaoTirol avEibnray onuovtixd mapd 0to ndeTupd dgi-
FVOVIUS CUENIEVT) RIVITOTONON CUVOEE WV 0TI DQUUTIXOTITC TMV TOUVOUIIVUGHY.,
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