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Sodiurq concenErat.Lon in the haemolynph o f
treated larrrae was lower than that o f cont. ro1.

C.halnges ln the concentratlon of cations ln
haer{olynph of silkworm B. mori were studied

both dholesterol-t reated and norrnal. larvae.

The potassium level in Ehe haemolyurph of con-
trol larvae d€cr,Based during Ehe obligatory
feedirlg period. Tlhren, from the 5ttr day to the
prepuflal stage, no change was otrserved. In
treatrld larvae, during the f irst 7 days, potas-
sium concenLraEion was significaLntly lower
than qhat of contr()1. While, f ron day 8 and
until pupationr pr)Eassium 1eve1 waLs signifi-
cantl! higher than that of control larvae.

N"+/t<-h ratio in crlntrol larvae vrasi lower than
one. In treated larvae, during t.he first 7

days, the ratio wi;ls mcre than one., Fron day 8
up to pupation the ratio remained less than
one add lower than that of contro1.,

4- The c:{1cium level was higher in tr€rated larvae
than that of control.

3-

5- The tiaenolymph nn,rgnesiun concent.ration in-
creasQd significantly du'ring the obligatory
feedir{g period in treated larvae a.nd reached
(218.82 t 9.8 ng/ 100 nl) ar rher /+Lb day.
While, during the last three day s, it lras
signif icant ly higher in control lar:vae.
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Brsrry,

6- c"*2 /tte+2 ra E io-das lower ihan
ratio was higher

i" control and treirted larvae
one, In treated .[arltaer the
than chat of control,,

IIITRODUCTION

variqus forns of stress such as starvation(Jutsum .tt "1., 1975 ; Lim and Lee,, lgrgl), lowEenperatgre (Sonne,1966) , high tenperature (iohen
and PaEa'la, 1982) anrl desiccation (Eldne,y, l96g)profoundly affect eorlcentration of 1nL sect blorcdconstituQnts. 0ne aspect that has sho,wn responrseto stress is catlonir: conpositlon of th* haemr:-
lymph (Cqhen and piatarra, 1982). IIoweve,r, cation.iceoncentrdtion is nr:t only affected by stress, brrtalso by ehanges dr.rring the developrnental process(Florkin and Jeuniaux,, 1974; Shinizu,lgg2; Essalry,
1985).

Lepi<fopcerous larvae thaE feed on plant
Eat.erials uay wiEneei s a variety of hosi plant
scarcity. Diefary inardequacy (Co1lett, 1976) anddietary rlondition (iJurrgreis et a1., i973; Shiniz:u,
1982) significantly nc,dify tire haemolyrnph cati*npattern, Cation conc: entration in the silkwor: ra
haeraolynph 1s inportanE because the cations con-
trol the insect nervou.s system (Weeversi, lg66 arLd
xiyazaki, 1980) and its biochemical conditic,n(Jungreis et al., 1.974). Both the nervous sysrem(Verretc and Hi11s,, Ig76) and the endocrine sysren(Mordue, 1970; Hi.11 and lrzatE, L97t+; Sroka an,d
Barth, 1976) direct ly af f ect the concentr,ation o,fnost blood constituents.

After t,he Ereatment of B. mori la.rvae with
cholesterpl, silk p,roducrioi- and--Ti-od,conrsunption
rdere inerpased ( Idriss er a1. , 1990) . It is well
known thaE sterols act JE ptt"gostlnularrtsr(llauranura
et a1., 1962) in addition to its role ils a struc-
tural conponent of nenbrane (Chen, l98ii) . Insects
utillze Fterol as their moulting hormone, and
cholestroI is the obvious prinary substrate for
this hornpne (Gilbert and Chlno , lgl4),.
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.^ln Ehp pfesent studYr vsriation
Ca'L and |{ttt concentrations ln the
the last ilarval lnsEar of g. mori we

both normpl larvae, and larvae t
phagostinulant ( cho lesterol) .

ot N"*, K*,
haenolymph of
re studied ln
reated with a

UA?EBIALS AND I,iBTEODS

LarvaB of nulberry silkworn, Bonbyx norl L.
(Lep. Bopbycldae) were used during the present
experlmenEs.tarvae of the Korean hybrid 155 x 156
nere reaped under laboratory conditions of 24 I
loc ahd VO-lSZ relatlve humldlty. 'Cholesterol
which has been produced by (Slgna St. Louls, M0,
USA) was Used.

All efiperiments were carried out on the last
larval ipstar. A dose of fifty microgram of
cholesterbl dissolved in 2 ul of acetone wils
topieally applied to the larval pronotum at 0+6 h.
Each contlrol larva was treated wlth 2 ul acetone 

'(Idriss g! al., 1990)

Accor$ing to Calvez, t98l and Shlnizu, 1982.
The last larval instar has been divided lnto
several periods : ( i) The feeding period, which
is dividep int,o tno periods, obligatory f eediirg
period (ifron newl.y 5th insEar larvae to 4-days
o1d larvpe) and facultative feeding period ( 4-
days old larvae t.o l0-days old larvae), ( if l
Itature laEvae showi.ng wandering behavior ( l0 days
old larvae) . ( iii) l,lature larvae which have just
evacuated its nidgut content ( tt days old larvae).
(iv) Early splnning period (12 days o1d larvae).
(v) Middle spinning period ( l3 days old larvae).
(vi) Prepupal stage (day l4) and (vii) new pupal
stage at day 15.

llaemolyrnph of sil,kworu larvae was collected
by cuttinlg one of the abdon'lnal legs, and that of
pupae by puncturing the abdonen. Af ter acld d.i-
gestion with 0.1N I{Cl as used by(Dawczynskl et a1.
IgaO) , e6ch of the sa mples lras ana lysed f or-NaT
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K*, Ca+2 and ug*2 with a pye-Unicam Model 2g00
Alonic Absorption Spectrophotometer apparalt,us.
Statistical ana.Lys:Ls of the data was perforned
us ing stud ient's t-test and p values <0. OS rvere
considered signif iczrnt .

R ES ULTS

Resnrlts of ttte quantltative changes of socriurnin the haemolymph c, f control silkworn,are shown
in Fig.la). Sod j.un concentraLion shows two peaks
at f eedlng period. The f irst peak ( 65.35 -t j/.5/+
ng/ 100 trl) was noted during the obllgat,orl feedingperiod ( at the ZSd d"y) and t he second peak(54.77 I 12.75 mg/ t0O ro1), was n,ore,c aE rht:facultaEive feedi.ng period (at the glh rlay). T'hir;
peak of rhe 8th day 8 was srarisric,all,/ signi.fi-
cant. Thenr* a decline of Na- catio:t wils noted,
howeve r , Na- ca t, ion concent rat ion ,begirn to i.n-
crease again at the prepupal stage, arrd ros€r up
to about 27 .4 + 4 .9 rg/ tOO mt.

In the haemolynph of treated lirrvae sodiurn
cat ion showed a peak at the 2nd arrd 3rd d,aysr
( Fig.1b) . No significanc difference beLween rhe
tso pepks of the 2$ day in control anrl treatecl
larvae. A sharp and significant der:rease at the
4th d"y rrras recorded and renained at a consrant:
"level ,rp to Ehe new pupal stage. Thr: s<ldium con-
cent rat Ions in the haenolymph) o f t. rr:atr:d larvael
rrere leFs than thaE of control.

PotNssium concentration in the haemolyrnph
showed a sharp decrease after ecdllsiri to the
f if th [.nstar larvae. This loss of l(- cont inuecl
until t[e fifch day of feeding period. poEassiun
concenEfatlon in the haernolymph o f newly 5ttr
instar f-arvae was 155.9 t 21.8 trg/100 rnl. t.lhile:
lt was 43.68 *, 13.42 ng/tOO mt in 5 days oldlarvae. Then,*between the 6th day ro the l2th day
haemolypph K- st,ayed at rather const,.rnE 1evel.ranged f ron 53 .7 6 + 22 to 65 .94 + L2 ,,Zg mg/ l0C)nI ( F[g. 2a ) . A snall increase whlch was

33



r
.r6

1]d
.4

. -rc c,
| ' dE/\rr

-Ji rr a Y!#

" 
66+r r+'t - il| '' ;

L .i o EEl
/ l- t'( , i= 9;IIi '+ ie r(-
\,d

: -1-.1" ;r;
ii fd
f 'ta 6 o >

-& Jx e ! d

t
FI

i1 
'€

:ilaoj

r,i
-n

0)

o ''r3> q,)

!+,
6(0.r o)

,c^
,3ln

O-l

alr

dU
c)

0.r <
(l v

'/-'-l 
J ? 13

_f" .o 4A
',o, E^-i<r r( O<-\- Ov:\ti

3 g E I o o g:

| ,+- lr.! +r roil
il| ,t l" t-'lrO

,T "e .c r., i O.r)

- E+t
g

.d e.

oc)
,/- is 'tA

/ A4
-.(. -! ;"

9d! -9 c n

-{-
'ft-

'-r:
+*

j 
-f:geoooooOa

dr

( Inro0t/6ur ) uorlprJuacuos
uo r J eJ qdu:A 1o.ua e g

. R f r a

{ j +t

E+)

o0J.d>

6!
Lr

.-.!

d

F>
odnd
€

fr
o

C > .,,._ u 01

O,+

>u<.

N

!L

€
u)

€o
oo

-!-

"L

-&

'_-1'-

*

?i
-i

I

I

I

-.-t'* lt ;:-----t- i e o: ----"- i. i 'E

-l- -: COr

,n i" Ei*(- ., iia
-----!--- -o .i 

=!.0fl
rN S; E

# :C
oooooo€tN

r lu0ol;'6'J 1 u<ltle.rlua3uoc .?
:lo11e:l qdru,{10uraeH t!

l4



I

I

I

-J

Haemolynrph caLl-on
concedrtration ( mg,/I00rnI t

JN0rlOOooooooe

Na/ [( r at rc'

trs

o
O-aO
b-brbab

l
I

I
I

I
I

I

I

I

I

I

o

a

O{
oD

0

6

1

a

a

I

a

E

o

a

o

o

O,{
or

o

6

o

T

:
^tu2
v11 \p.A
!i
irQ n

Orr.-
ooo
Fgr J
oFt
F1 <l+
<gJ
Ot FO
o

va

o<
<!
?oo|o6
Orr
.rO

o
),F
v 7\-

€
c)o
Onrl

op
pFl

pgt
0'O
q

0,

_*
{

'R
.^-

o

il

o

o

o

9tr

O6

o

o

=

gr

l

o

o

o

o,<r
o

o

€

o

=

A
:

afJ (

@t! o
v4 r'l

<P,
.J !, 0,rl(,rr
OF'q, CLO

oft
of-o

:t fn
ts(lqrO
Fl .i Oj

<=f?
I(ilO

3:i =g<o

rr orro, or":t 5
'CLrr

f- O,
0'd
{P'<o

F'

|-O

(D0,
.(O
iD3
r-O
lt<

o

'r- +
no

ftP.
rtP
o,r

{
o
Fr)

5

b

I

E

i -*--=rt--:r.'lf7*l| ,+1r- i' I| ,r', Il^/' It{ |ttl
f "r- |I,'i"/-' l>vt-t'..117- |['IIlF-. I| -----*i| ,r--,| --:F -_-- 

J

D

€r

o

T*1-

-1-
I#f

*<



J P C e l5 [ol:3 lo:l (l99ll,

not sigrlifieaat
A ninintln le$e1
o f t be tler pupa I

prepupal stage was observed
ras noted in the haeoolynph

(2r.42+2.49 "g 100 mt) .

Potayssium cati.oil in haenolynph of Ereated
larvae shoned a sharp decrease during the flrst
24 hours (fron 155"9 + 21.5 mg/100 nl ro 33.4 +
11.73 ng/I00 B1). ThEn, porassium slighrly decl
reased again up to ttre 7th day. However, in the
last twO days of facultative feeding period a
high significant in,crease rias observed. As a
resultr a sllght decrease was noted until the
l3th day (niddle spinnlng stage). Anreghgr slgni-
ficant ppak was no,Eed at the prepupal sEage (Fig,
2b). Frgn this data, during rhe first 7 days,
potassiup catioil concentrations in rsonE ro1 and
Ereated larvae exhibited the satre trend. But in
control l"rvae, K* concentratlon was significan-
tly higlrer than that of treated lar,rae. While,
froq the 8th day and gp to the puparion, in Lhe
ireated laruae the K+ haenolynph- 

"o,r"untraLic, ns
trere si$nific*ntly hi.gher than Ehat of corr.tro-1
larvae.

?he Ia+/K+ racio in control larvae ranged
5e[."reen 0.25 to 0.85, and reroained constant at
the typica lly lcw l_e'reis found in lerpidopE.erous
larvae ,1s shown in {Fig,3a), This ratio reached
its lnintrsum ae Ehe enri of the , I lf h clay , which
$as equ{1 to the rario cf :'ia+/Krof newly 5thinsEar lirrvae. In t,reat€d larvae (Fj.g.3b), trreS.'/X' {atio reached irts naxinum at the 3td day
due to tHe increase of sodiun and the decrease of
Potassiur{ at this period. i{hile at 7th day,
another high rat,io ;.ras noted which r*,as -due 

tonininal coneentratiora of K? at this p,ericld. The
ratios qere about 3.,f4 and Z.68 aE thre 3rd and
7!h days respect ively . Frou the 8th day anl--,rnt i I
the pupaltion the,Na+,/1* rat.io remained consr.anc
and not rlore thirn 0.14. This was due to Ehe
elevaEed concentraEion of K*, and to the constant
and los llevel of Na*.
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Sssarv.

CaLciuro concentration in haerno Lynph of' con-
rrol larvae showe<i a gradual decrease fron Lhe
beginning of the last larval lnstar ull;i1 the end
of the fj.fth day. The level of Ca''' remained
constant at low level between the 5th clay and
unt,il eagly spinnlng stage. At niddl.e s;pinning
stage Cd'tz augment about 29 fold (4t8.:l + 8.36
*g/tOO Dl). Calciurn concentration was eons;tfnt at
its high level during the prepuPal stager, then
tlecreased again at the nell puPal stage.

In treated Iarvae calclun cation concentration
uas nore higher than sodium, but theyr i:ollowed
the same trend. Calclurn Presented a hlgh level
until the 4th day, then decreased sigrrif iLcantly '
Not signlficant peak was noted at Ehe 7th d^X,t
From the 8th day to the prepupal stage Ca''
concenEratio" femained constant. In alLl studied
Eines the Ca'L concentration in the haemolynph
of treated larvae !tere higher than that of con-
Erol larvae except at the middle spinning stage
to Ehe ne$r puPation..

In cOntrol larva" Mg*2 concentrat:lon in 'thLe

haemolynph showed a constant state riur.ing thL e

f irsE foUr d*ys o f the f eeding periori ' In tbLe
'fifth daf Mg" concentration decreased rsignifi-
cantly. T[en, it showed a significanL increase in
the 6th day (64.68 +' I9.6 mg/ 100 nl) ' Anotherr

-.-peak t!-s observed at the 8th day, follorred by a

$radual decrease until earLy spinning stirge ' 'ltniddle spinning stage a significanE lncrease w€!s

recorded (i0l.0l^+ 6.8 mgi 100 n1)' At the new

pupal st.Bge MBrz--"otrcentration reached to its
niniual lievel (Fie",5a).

In treaEed larvae haenolymph Ug*2 concent-
ration exhibited a sharp and significant increase
during the firsr four days of Ehe feeding periorl,
sirh i peak at the 4ttr day (218.82 + 9.8 tg / 100

nl). From the 4th day and uP to the pupation a

sh4Fp and signifiEint decrease was observed, and

Mg*Z concenEration reached its rninimum at the nee,
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Bssaxy

pupa.l stage' The inc'rease of ltg+2 which wzrs ob-

s'arved at spinniilg 5t age anrl prepupal stage in

cont rol lArva"l 
- ft"a t'oI been "ho"tt 

i:r treated

1a rvae.

The CA+? /ug+Z racio was naintaine':l all high

l.evel at the beginrning and at the end o f Last

1.arva1 instar aev!loprnent in control larva'e ( Fig'
€ra). The ratio rar'!ed between 0'01 to 0'75 and

remained fairly nctt constant and reached itsi

maximum.4t' ctre new pupa I stage ' In t'reated larvae '
l[+2i*t*2" t"ii" t*t"i'ned consEant as shosn irt
(.Fig.6b) aod did not present a sharp rnorlificatiott'
r\1so, in treated 1:rrvae, the ratio was higher in
all studiied tines tharn that of control larvae
riFig. 6a,1r) .

]DIS(]USSIOII

Haemolyrnph j'on c()ncentrations are: krrown Eo

r.".tfjr, ;ig,nlficantiy "1 
it'n ttre tine at feerdirlg in an

:i-l:tsi:ar, the diet .an'd iielacy inade..iua{:y' dieiary
r:lfniiii:icn 3ns ltic r*:al:ing creihod (Picii*n' i970;

.-i*ng,reis gi- 91::--:'97J ; ?'e::neys and ctrapuan 
'

'iti+, Co1[-ert, i4lO: " lnsects lar:K ihe ab"Llit;* !c
synlhesizP sierols fron acetate and tltus require
then in Ehe diet (Gilbert , L967 -; T hroa'P$on et

,41,, t9i3). liaurailrurs et a1' 1962 sug;Sesled that

ffi. lestrol nav act as pnugo"timulant ' Als'c 'Ritte' 
r

andNes,lgslooted'thatcl.roleStrclsupportedttre
comPtete development of the insect"

Frorn the present d'ata haenolymph cation corl-

c.entratiqn was ciraracterized by righ level of

magnesiud ";; Pot:lsslum in control larvae' atrd

lorr levSI ;i ""rr:ium 
and sodiun concentratiott'

This data is in agre()ment with the results o1b-

tained by Florkin and Jeuniaux ( l9 74 ) ' Dawczynslci

et a1'( l?80)liiiii"" ( 1982) and rerra et a1'( I982)

Sodirpn eation concentration in control larvae

was highpr than thaE of treated one' Stress con-

ditions had llttle effect uPon haemolLyrnph sodlun
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catlon {Cohen and Patana ,1982). A negarlve corre-
lation $etween teoperature qnd ablliry of Malpi-
ghian $ubules to reoove Na- fron the haemolynph
(anstee et a1. 1979). In the present observations
a poslgive correlation was noted between the
treatne4t with choLesterol and the decrease of
sodiun 40ncentration in the haemolynph.

J tc $ t3 folr3 io:l u99l),

Sh14izu ( f982) noted a constant level of K-i'
during feeding stage and the mature stage in
silkwor4, followed by increase at sprinning sLage
and u_ntll pupatio:o. This author expl.ained these
results to be due to the decrease ofi the haemo-
lynph vqlume. In thr: present study, potassium in
control Iarvae, showed a significant decrease
during the oblig,atory feeding period, while in
facultative f eedi:ng period it rem4ined constant.
A decllne and restoration of K+ level in the
cecropia haemolyrnph during larval-pupal transfor-,
nation wras observed ( Jungries, I9 78) . In contrast
to these results, tr:eated larvae wtth cholesErol
showed a 1ow conslEant: level during the oblig?tory
and niddle of f acrrl_t;rtive f eeding period. Then,
significant increasie ln KT concentration hras
noted at the 8rh day anil ir was higher than Ehat
of contr:o1 until the pupation, wiEh a small dec-
rease during spinning stage.

The ilta+/x+ ratio in control larvae \ras Iess
E han o ne . !fhile , i.n t rea t.ed 1a rvae t he ra t. io.
ranged lbetween L 09 to 3.44 during the f irst 7
day, thlen decrease Less than that of control. In
lepidoptiera(Chaprnaa,1972) noted rhar Na+/K+ rario
may be lower thaR oor€, thls ratio reduced the
aoount of regulation necessary to naintain a more
or less constant, lerr,el in the blood. Kimelberg
and Papalhad jopoulosr( 1978) nored rhaE cholesterol
affect lEhe aetivities of nembrane associated
enzynes puch as Na*, K* dependent ATp,ase.

In control-|ar:vae and during the first 4 days
haemolynph Mg'' concentration shosed a hlgh con-
stant level , follorred by a decll ne, then, two
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issrFI.

pu1*s aprpeared ac tber 6lh- and gth ciays. Nanouf f
lr,d Jeuniaux, (1970) an*a- f,lorkin 4(r,il Jeuniaux(1974) noted a faLj. in haenoivrpt,"ugTl-ouring t11eontogeny. In the pre,seat data haemolllnnph Mgr,2showec a sharp incr.ease aE 

-_iJar"-rp'i,rr"i"g 
srag;e

_t:11:""U^ _by a signLif icanr decrease 
"t nelir pupa.tstage. cpncerning the elioination of Ehe excesshaenolynph nagnesiua, Kobayashi (Lg713) :reporredthat in the silkworn, pup.1 nidgut lB,irheliumcells acCumulated- a taige amount o f !{g..- as aninorganic fo:T: This 

"r'rg!""rion lras supporred byshlm-izu []982). rn rarvie rreared wirh chotes_t,erol, Mgtt coneentration increased sig;nif icantly,lurlng tlfe first four a"ys than that of eontrolIarvae. Ihis nay explained by the inLcrerase oft:o9 intq\e due Eo che phagostinulanr effecr ofrrnolesEerol. Chapnan (, 1972) noted that in. phyCo_
phagous . .i{nsecrs Ehe concent rar ion o f ug+2 ;;' ;;"
J11..1 :".,oitun rel,arirrety high due Eo -rh,e high.l'eveL of Yg'' in the d-Let, since it is a eonsti-tuent of r;hlorophy1l,

Calciun cation concenlration in the haeno_l-yarph of eontroL la:r';rae showed a deerea'e and rowi,eve1 during rhe obl_j.gaCory feeding period" .A

ireak af ca lcium c;rli.n was noEed at t he niCdlr:
c, f spinning period. rlrl hile, in treated larvar:carci-um caL.ion concenir:ation showed a revel whicrr
1,": more *lh.n that oIi control. In Spodopter;r
1'{igua- -ca.'' coBcentrations were signirlianrrri
a f f ected hv stress; with decrease o f this iorrresulting from high teHperaiure srress,as well asstarvation and desic.cation (Cohen and patana,,
i982 ) . In the silkworn B_. n,.ol:, Shimizu ( 19g2 );reported tlhat calcium concEntration in che haeno-
l.ynoph of t.he larvae which \dere reared on mu.lberrJrI'eaves or pn artiflcial di.et eras maintained at €rconstant lpve1-. Many' functions erere aLt ributed tcrcalciun cption in invertebrate and vertebrate.,
s ince celltrlar activities are pro f oundllT i:nf luen-.ced by the haenolynph maErix, the cheinicial andlosmotic cpnposit-,on of the haemolynph is very,inportant to an insect's homeostasis (tich.in and

4L



I P C t E S '/ol:3 l{o:Z (1991)'

Moore lg77) ' Scrith and Gilbert ( 19i39) reported
thar stirgulation of ecdysone synthesls by pro-

thoracifotroPic horuone (PTTH) ' requlre extra-
cellulaf caleium' Essawy (1985) showred Ehat chere

was a sfrong posicive correlation belEween extra-
cellulaf calciuut and ecdysone-synthgtis 1n the

prothor4cic glarT d ' ,Extracellulat Cil-a can be

cornpletFlI .ipt*="t'd -tlre 
activity of numerous

vertebrftes hororone's (Steel and Paul' l9B5)'
facilitFEes the activation of phosphory Lase

(llcclurp and ititu1,1981) and control the iniria-
Eion ofrDNA synr6esi.s (IJhitfield, 1980)' Ca1':1um

affects the actirration of calciurn depenrient

adenylalse cyclase (ltarte1ly,l984)' While' choles-
tero! affect .J."yiut" "y"it"" 

(xlein et a1' 1978) '

V idelr and Rrrbin ( 1982) noted that C^*2 con-
tent, compart-nerrta'lization, and ef f lux,:"':,i5"
sensici.ve to snil 11 change in inEracellular )1 g -'

;;+zt;;;1.2 ratio in t:ontrol and treated larvae in
the present. st'utly \iere less than one t bi'! the
ratio in treated larvae was &ore than that in con-
trol larvae. Accor<iing td Ehe diagram of Szumiel
(I9S3) it is.5he li)wering on ttre intracellulrr
i;;; Ca*2 /lr+'z ra t in which may a I Io.i t he in it ia -
tion of DNA sYnthesis'

InqonclusionrcholesterolasaprhagostimularLt'
affect Ehe catioo patLera of the haemolymph j'n

Bonbyx norl lasE instar larvae directly by 1n-
;re;tdg--EE-" food intake or indirectly by modj'-
fying itt" hornonal balance by increasing Ehe

available sEerol.
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