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Introduction

In recent years, the effect of chemosterilants

on the external form of pupae in Lepidoptera

has been mainly investigated on the silkworm,

Bomby» mori L. (Hirano 1965,0 Sugai and Hirano,

1967)81. Hirano (196S)0 reported that degeneration

of antennae, legs and wings in deformed pupae,

were induced by apholate administered orally to

larval stages of the silkworm.

Similar results were also obtained in this labo

ratory using pupae of the smaller citrus dog,

Papilio xuihus L., and the gypsy moth, Porthe

tria (Lymantria) dispar L., in which metepa was

administered orally to insects in the last larval

instar. However, no deformedpupae were observ

ed when hempa was administered orally to the

smaller citrus dog (Unpublished data). The results

of this work suggest that there may be differe

nces in the action' of these two chemosterilants to

some insects.

The present investigation was undertaken to

1 This work was presented at the Annual Meet
ing of the Japanese Soc. Appl, Ent, Zool.,
Okayarna, April 1970.

investigate whether the two chemosterilants have

a similar effect on the hemolymph proteins of

the last instar larvae and pupae of the smaller

citrus dog.

Materials and Methods

Chemicals and Applications; Metepa (Tris (2

methyl-l-aziridinyl)-phosphine oxide) and hempa

(Hexamethylphosphoric triamide) were dissolved

in distilled water at concentrations of 1,000 pg, 4,

000 pg and 8,000 pg per O. 1 ml immediately prior

to treatment.

Insect; Female adults of the smaller citrus

dog were collected from the field in Kikugawa

and reared in the laboratory at a temperature

of 2S'C, relative humidity of 60:'6 and all day

il1umination (24 hour light). Eggs of these adults

were reared on leaves of the mandarine orange,

Citrus unshiu Marcos. Chemicals were adminis

tered orally to the larvae of fifth instar at sev

eral ages at a rate of O. 1 ml per larva by means

of a microsyringe. Treated larvae were reared

on the orange leaves untill they were used for

electrophoretic studies.

Elecirophoresis ; Hemolymph and testis were
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collec ted fr om the ma le la r va of ,I da y-o ld , fift h

instar la r vae tr eat ed with che mica ls. Hemolymph

was obta ined fr om 7 th dorsal seg me nt of the

la r vae ( Kitagn k i e/ al ., 19702 ' ) . A pa ir of test es

was rem oved as qu ick ly as possi ble, was hom o

ge nized in 20 /11 of ve ron a l buffe r , pl l 8. 6 with a

gla ss hom ogenize r , and th e resulting hom ogena te

was cen t r ifug ed a t 8. 000 rp m for -\ m inu tes, The

s upe rn a tan t was used for the e lec t roph o re tic

investigat ions.

T he elect rophores is was carr ied out as descri 

bed by Kit agak i et al . (1970)2', using th e follow 

ing bu ffer sys te m and meth od.

Agar · · · ·· · · · · · ·· · 400mg

1'. V. 1'(l'ol yvi nylpyITolidone, K- 90) · ·· ·· ·200m g

Verona l buffer, pl l 8. 6, /, = O. 02S ·· · · ·· · · ··lOml

Size of a g lass pla te SOx 200m m

Thick ness of ge l la yer Im m

Con stant cur ren t · · · ··· 2. SmA/ cm

T ime of e lec t ropho res is · ·· · · · ·· ·· · · · · · ·· · .. . 60m in.

T e mpa ra ture of e lect rophoresis ·· · · · · ·· · ·· ·· ··S· C

A samp le of 2/d was a pplied to a s hort s li t of

10mm width on th e ag a r ge l plat e by mea ns of

a m icrosyr inge and subjected to elec t rophore tic

se pa ra tion. Prot ei ns were de te cted by A rnido

Black IOU sta in ing un der cond it ions recom men ded

by Yushima and Kama no (196·1)". Each fra c t ion

was de term ined by a dens itom et e r . QUICK of

Atago Optica l Wor ks Co.. Ltd ., using 650 m/I a nd

a s lit width of 8m m. Il uman se r um (Moni-T rol

J. Dade Reagents Inc.) was used as a s tandard.

As th e fi rs t s tep. a re lations h ip be twe en th e

defor med pupae a nd co ncent r a t ions of two che rno

s te r ilants was s tudied. Wh en th ree d iffe re nt

dose s of met epa a nd hem pa were or a lly ad m ini

s te red to ne wly molt ed S th instar la r vae of th e

s ma lle r c it r us dog, abn ormal pup ae were classi

fied in to 8 ran ks acc ord ing to the degree of de

for mat ion of the pupa as sho wn in Table 1. th a t

is J. 2, .. _7 and nor ma l pu pa shown as 8.

As s hown in T abl e 1. it was ve r y cl ear that

metep a tr ea t men t wit h doses h igh er th an ·I, OOO/ig

pe r la r va g rea t ly ind uced th e fo rmation of de

for med pup a. Following treatment w it h 8. 000/ lg of

he rnpa th e la r vae did no t g ro w an d th e rea fte r

d ied . In orde r to e lucida te th e differen ce of ac t ion

bet ween met ep a a nd hempa, as shown in T a ble I,

elect rophore t ic patterns of the prot e ins of he mo 

lymph an d test es from larvae a nd pupae o ra lly

t r eat ed wi th th e two che mos te r ilaru s a ft e r th e

-lt h moult ing la r va were inves t iga ted .

T he effe ct 0 11 hemolym ph prote in s 01 lar vae :

In a pr eviou s pap er , th e a u tho rs ( 1970)2) rep o

rted tha t ma in four prot ein fr action s co uld be

found in t he hem olym ph of unt reat ed -tday- old.

Table l. Num bers of def ormed pupae of sma lle r c it rus dogs.

l<ank

Che mica ls"
Dosage 2 3 <1 S 6 7 8 No. of No. of

(/Ig/Ia r va) Larvae Kills
Abno r ma l No r ma l
----

8, 000 0 0 () 0 0 0 0 0 l O 10

He rnpa ·1, 000 0 0 0 0 0 0 0 6 10 ·1

1,000 0 0 0 0 0 0 0 7 10 3
----

-I8, 000 2 0 0 0 0 0 0 0 10 8

Metepa 4, 000 1 :1 2 I 0 0 0 0 10 3

1,000 0 0 0 0 0 1 <1 ·1 10 1

, . Chem ica ls we re ora lly ad min ist e re d a t la r vae.

Ran k
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fift h instal'. These fr acti ons were named A,. A2•

G, a nd G2• s ta rt ing with th c de sig na t ion of A, for

th e most rapid ly migrating co m ponc n t.

In this inv es tigation, four main fr actions were

aga in det ect ed in t he hemolymph of unt reated

·1da y-o ld, fif th ins tal' larvae. Howe ve r , as sho wn

in Figur ' I , fr action G, de c reased ma rk ed ly an d

fr action G2 decrea sed s lig h t ly , whe n ·1. 000 I ,g of

hempa or met e pa and 1,000 I ,g of met ep a we re

ora lly ad m inis te red to larvae immedi at ly a fter

th e four th moult. Follow in g t reatme n t with 1, 000

I ,g of he rn pa the decrea se of fraction G, was

sca rce ly noticeable. F racti on G2 in he rnp a dec

reased more than th e me tepa a nd un t r ea t men t.

W he n 1 da y-old , fifth ins ta l' larvae we re t r e 

ated wi t h 4, ODD Ilg o r 1, ODD fil l, of met epa pe r

lar va frac tions G, a nd G2 we re mor e o bv ious t ha n

in t he case of larvae t reat ed immed ia t ly a fte r

the -l t h moul t. It is t hou g ht that t he se frac t ions

mig ht be th e a mo unt of pr ot ein whic h was accu 

mula ted in hemoly mph before th e treatmen t of

metepa .

Til e effect 0 11 proteins i ll hemolym ph of pupae;

Thc e lec t ro pho rc t ic pa tte rns o f pr ot eins in t he

he mol ymph of pupae following o r a l administra

t ion o f ·1. 000 {,g of me te pa or hernpa per la r va

immedia te ly a fte r th e -lth larval moul t are s ho wn

in F ig u re 2.

Fraction G2 on th e hemolymph of I day -o ld

pupa decreased su bsta nt ia ll y were foll owing he

m pa treatment than met ep a treatment and was

sm a lle r t ha n in th e con t ro ls . Sim ilar results were

obser ve d in :{ da y-o ld pupa . In t he pupa l s tage.

only one f raction A was fo und . F r act ion s A, a nd

A 2 whi ch we re det ec ted in 4- day-o ld fift h ins t a l'

larvae we re not obse rved. T here was no sign ifi

can t differen ce between t he hem pa and m e tepa

trea tm ents in th e a mounts o f fra ction A. How

e ve r , this fraction dec rea sed s lig h t ly com pa re d to

t he untrea tme nt.

The ef f ect 011 pru teins I II th e soluble [ra ci t on

of the test es ;

Elect rophoretic patterns o f protei ns in soluble

f r action of t he test is obta ine d fr om ,I da y-o ld

Al

3J\ 5~ '7~
I l
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+
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T im e (da ys) *

o 1

*

F ig . I. Elect rophore t ic pa tte rns of t he hemol ymph of larvae of smaller c it r us dogs.
Ch em ica ls we re ora lly ad minis te red to newl y emerged or 1 day-o ld . fif t h ins ta l' larvae.
The hemolymph was ta ken from -l day-o ld fifth instal' larvae.

(I ) Untreated (2) Hernpa , 1. 000/ g / larva
(3) Hem pa, 4,OOO"g/ la r va (4 a nd 6) Metepa , 1. OOO"g/ la r va
(5 a nd 7) Me tep a , 4, OOO,lg /larva
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j nsect chemos te ri lants.

Discu ssi on s

Th e a bove obse rv at ions r e veal ed th a t mete pa

a nd hernpa trea t me nt ca uses cha ng es in th e

prot ein conten t an d A /G r atios in the he mol ymph

of la r vae a nd pupae of th e sma ller c it r us dog.

Pa lmquist a nd Lach an ce (1966)" dem on st rated a

s t er ilizat ion effect in t he parasitic wa sp, li ra COil

hebetor Sa y (Ha br obr acon) , t r eated wit h t he a lk 

y la ting age nt, te pa a nd it s non al yk ylating a na log,

he rnpa . These com pounds induced a hi gh fr eq u

e ncy of recessi ve let hal m ut a ti on s in t he spe r m

of this insect, a lt ho ug h tep a was the mor e ef fi

ci ent mutagen. Suga i and lIi ra no ( H)(i7 ) 'D re por 

ted t hat a pho la te in hi bited markedly t he g rowt h

of t he wings in pu pae of t he s ilkwor m, l tomliyx

mori Linnae. Sha r ma a nd Ra i (1969) OJ a lso sug 

ges ted t hat th ere a r e sim ila r it ies bet ween th e

act ion of a pho la te a nd t he synt he t ic juve n ile

hor mone.
+o+ - 0or

..', ~. '{ .~.
. .. .. f' • 1'J. 11

T im e (da y) *

F ig . 2. Elect r ophore t ic patterns of th e prot ei n
in t he hem olymph of th e pupae of s malle r

c it ru s dogs.

* Che mica ls we re o ra lly ad m ini st e r ed to
ne wly moult ed fift h ins ta l' la r vae , a t a
rate of 'I, 000 (Il~/ l a r v a. The he molymph
wa s ta ke n fro m I da y- old ( left) a nd
3 da y-o ld ( r ig h t ) pupae.

(1 a nd 2) Untreated
(3 a nd 4) Hernpa
(5 a nd 6) Metepa

la r vae fi fth inst al' larvae a nd :l da y-old pu pa e

a re shown in F igures :l a nd 4.

In t h is in vest iga tion , '1, 000 f ,g of metep a a nd

hc m pa we re ad m in is te red o ra lly to lar vae imme

d ia tel y aft e r t he -l t h moul t. One da y-old fi ft h

ins ta l' larvae we re a lso t r eated wit h '1, OOOf,g a nd

I, OOO."g of me te pa . O nly on e fra ct ion wa s found

in th e soluble fr ac t ion of th e testis in bot h larva l

a nd pup al s tages. Th is fr acti on d id not d iff er in

treated a nd un t r eated la r vae, a nd on t he na tu re

a nd prop ert ies of this protein a re unknown.

Co nse q uen t ly it is necessary to ca r r y out a mor e

de ta iled s t ud y of th e proteins of t he test es in

insec ts , w it h r e fe rence to th e mod e of ac tio n of

On th e ot he r ha nd , Kitagaki et al , ( 1970)2)

repo r ted th at G, a nd G2 fr acti on s in hem olymph

of th e sma lle r cit r us dog we r e cor responded to

g lobu lins in th e ri ce s te m borer, Chilo suppresa lis

Wal ker, hem olymph a nd hum an se r um. Koike

( 1962)3' sugge s te d t hat G, fra ct ion of g lob u lins

in t he r ice s te m bore r ha ,,:,e a n im port an t ph ys io

logi ca l functi on .

T he A /G r a ti os of untreated " da y-o ld, fift h

insta l' larvae a nd of pupae we r e I. 5,1 a nd 11. 50

to II. 82, r esp ecti vel y, as s hown in T a ble 2. l low

e ve r , th e A/ G ra ti o of treated la r vae cha nged

subs ta nt ia lly du e to th e decrease of G, a nd G2

fr actions . The effect of m etep a on th e g lobulin

con tent wa s more marked th an th at from hempa,

at h igh dosa ges. T he AIG ra t io in hem olymph

of hempa-t rea ted pupae was cha nged by th e dec

rease of th e G, fr action a nd th e in cr ease o f A

fr action, a lthoug h th e hempa treatmen t did not

induce any defo rm ed pupae.

F rom th ese r esult s , it is suggested th a t me te pa

and hempa ma y block th e sy nt hes is of t he G,

a nd G2 prote in Ir act ions in t h is insect. Me te pa

was more effect ive th an he rnpa in decreasing

t he G, fr action but hern pa wa s mor e e ffec t ive

t ha n met ep a wit h r esp ect to decreasing th e G2
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Fig. :1. Electrop hor et ic patterns of the pr otei n fr om th e soluble fract ion of la r val tes tes

of s ma lle r cit r us dogs.
* Che mica ls were ora lly adm inis te re d to new ly eme rged or I day- old , fift h in s ta l'

larvae.
T he testis was ta ke n from 4 da y- old fifth instal' la r vae.

( 1) Unt rea ted (2) l le mpa . I. OOO/Ig/ la rv a
(a) Hern pa . 4,OOOpg/ la rva (4 a nd 6) Metepa, I ,OOO/,g /la r va

(5 and 7) Met ep a, 4,OOO/lg / la rva

T a ble 2. P rotein e lect ro pho resis of la r val and pupal h molymph of sma lle r ci t ru s dogs.

Time Ti me
Days fr om Percent of T otal P rote in

Che mical s*
Dosage of Collec ted

Trea t ment A/G Ratio
(/Ig/la r va) T reat · of Coll ected

ment
Hemolymph Hemoly m ph A, A2 G, G2

Unt re at me nt 0 0** -1*** ·1 22. 6 a8.0 :34. 4 5.0 I. 54

Hem pa 4. 000 0 ·1 ·1 :15. 6 54. :1 9. 7 O. .\ 8. 90

1,000 a ·1 ·1 22. 6 41. 7 a i. 4 O. :~ 2. 15

4, 000 a ·1 .\ 50. 2 48. 2 0. 8 0. 8 61. 50

1. 000 0 ·1 ·1 42. I 46.8 9. 7 I. .\ 8. 01

Met ep a 4,000 I .\ 3 ·\4. 6 47.2 6. 8 1. .\ 11. 20

1.000 I .\ :3 :~ 8. 4 47.5 12. 8 1. :1 6.09

4,000 :3 .j I 29.8 51. 4 1:16 5. 2 4. 32

1, 000 :l ·1 1 :10.7 49.0 1·1. 2 6. I :3. 9:3

Untrea t ment a 0 1**** 6 92. 2 0.0 7.8 11. 82

Ilempa 4,000 0 6 100.0 0.0 0.0

Metep a 4, 000 a 6 85. 7 0.0 1·1. 3 5. 99

nt rea t me nt a a :1 9 92. 0 0.0 8. 0 I I. 50

Ilempa .1, 000 a :1 9 99.0 0.0 1.0 99. 00

Metcpa ·1, 000 a :1 9 89.2 0. 0 10. 8 8.26

Ch emicals were ora lly administered a t larval s tage a fte r the 4 th moulting.

** Days a fte r t he -tth mou lting.

*** Da ys a fte r the -lt h mo ulti ng.

**** Da ys a fte r th e pupation.
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Sum ma ry

The present work wa s unde rt ak e n to in vesti 

ga te t he ef fect o f mercpa on th e hemolymph pro

te in o f the las t inst a l' larva a nd pup a of th e

F ig . .\' Elcct r ophoret ic pa tterns of th e protein
fr om th e so lu ble fraction of pupal te s te s
of s ma lle r cit r us dogs.
• Che m ica ls were or all y ad m in ist ere d to

ne wly moul t ed fif th ins t al' la r vae.
The t es t is wa s t ak en fro m :1 da y- old pupae

( I) Unt rea te d
(2) l le mpa , -I, OOOI/g/ la rva
(:l) Met epa , .I, OOOt,g/ la r va

smalle r citrus dog, Pa pil io xut lius Linne.

In thi s inv es t iga ti on fou r ma in fr acti on A" A2,

G" a nd G2 were det ected from hem olymph of

untreat ed la r vae in 4 da y-old fiith ins ta l' larvae.

At -1, 000 I ,g of met e pa a nd hernpa. fr ac t ion G,

decreased rem arkabl y a nd fr action G2 decreased

s lig h t ly. At a dosage of I, OOOt,g of met e pa . f rn c

ti on G2 was a lso obse r ved to dec rease but th e

decr ease in fraction G, was hardl y not iceable

with hernpa, F r ac ti on G2 111 hempa decreased

mor e t ha n th e met ep a a nd unt reatment,

In hemolymph of 1 da y- old pupa fr acti on G2

clea rl y decreased Io llow irur hern pa t reat ment a nd

t h is wa s mo re th a n t hat follow ing trea t ment wit h

m et ep a.

O nly on e protein fr act ion wa s found in t he

soluble fr action of th e test is in la r va l a nd pupa l

stages. This fr act ion did not change a fte r t re.u 

merit with t he che rnos te ri la n ts a nd th e na ture of

thi s protein f ra c t ion re ma ins unknown.

The A /G ra tio of un t rea ted la r vae of ·1da y-o ld ,

fifth ins ta l' an d pupae was I. 5·1 a nd II. , )1) to

11. 82 resp ec tiv el y. The A /G rat io of treated lar

vae cha ng ed subs ta n t ia lly du e to the dec rea se in

th e G, a nd G2 fr acti ons.
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fra cti on . It is concl ude d t hat t he cha ng es in G 1

a nd G 2 fr acti ons in t he hemolym ph of trea ted

larva e ma y be close ly conn ect ed with che mos te 

rilant -ind uced s t r uct u r a l a bnorma liti es.

In th is po int, how ev er, furth er work is necess 

a ry to invest igate t he h istopha th ologi cal . morpho

log ical a nd ho rmona l va ri at ion s and a lso to

in vest iu.u c t hc rel a ti on sh ip bet w e n fr eq ue ncy of

a bno rma lit y of pupae and c hanges of hem olymph

prot eins in la rv ae trea ted wit h c hem os te ri la n ts.
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