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ABSTRACT

Changes of total hemocyte counts (THC) and
bloodl volume tBV) were studied in order to esti-
mate the modificiation of absolute hemocyte counts(AHC) during the different developmental periods
of the last larval instar of the mulberry silk-
worm lgmu_ll !9I1.

The THC r€,rch€d its peak during the early
spinning period.whereas, .the BV and AHC presented
thei r peaks on the 10th day. An i nverse rel at ion -ship was noted between tne THC and b'lood volumeon the 4th and gth days, and al so between thellth day anA unt.iT-ttre prepupal per.iod. No corre-laTion was observed between thb tsV and the THCduring the periods between the 4th and the 5th
days, and between the 9th and 10tE-days. A strik-ing decrease of AHC is-a-ccompanTFO bi a dec'l ineof THC and BV during pupation.

I}ITRODUCTIOil

In silkvorm, Bombyx mori, several works onthe c'lassificatjon -oT-hernocytes at the light-
I.!gf0scopil-^le'vel are avai lable ( Iwasaki, tglO;llittono, 1960). Also, numerous studies concerningtfe ultrastructure of B. mori hemocytes by scanlning and transmission eteffi-n -;i;;;;iop" 

were
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pui'l ished iAkai andSato, 1973 & 1976). Such
stt,d jes are .rkel.f to supplement the inf ;rmation
obtained by l ight microscope. In B. mor.i , f un-
ctions of hemocytes have been studied 6l-fXawase,1960i Ark,li and Sato, l9ll, 1973; Saio et al.;
I976; llago, 19B3 ilnd Ashida et al.,1988).

There
lation do
development
ha ve i n vo I
volume in
ecdys f s ).

is no rloubt that insect hemocyte p0pu-
respond to interna'l changes
iShapiro, 1979). Fewer investi

during
gations

ved total hemocyte coun: and blood
B. mori during development (e.9., at

This study will deal
hemocy'te count a,nd blood vo
mate the arbsol ute hemocyte
during ti.re deve'lclpment of
Bomby{ mori.

with changes jn total
lume in order to esti -
counts in ci rculation
last larval instar of

I'IATIiRI ALS A!ID I.IETIIODS
- Animals

Invest;i3ation$ rrere carried out on the Korean
hybrid 151; x 156 s;ilkworm B. mori at laboratory
conditions, of 24 + ?oC anE- reTatTve humidity 65:
701t. Mulb,erry siTkuorm larvae Y{ere reared in
trays ( 150 x 80 x 10 cm) and fed fresh mulberry
leaves. L.ast larval instar has been divided into
several preriods according to Calvez (1981) and
Shimizu { 1982).

- Total hemocyte counts (THC).

Total hemocyter counts were taken after larvae
'rere heat;-kille,l in a hot-water bath (56-580C).
Hemolymph was withdrawn by cutting a pro'leg on
the sixthr abdomirral segment with fine scissors,
or by puncturing the abdornen of pupae. Blood was
quickly_ clrawn int;o a Thoma white blood pipette
and di luted withr IZZ versene plus a trace of
methylene blue; as used by (Uittig, 1966). The
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pipel;te l/as shaken gently for severa'l minutes,
and the fir^st four drops were discarded. The
fifth drop b/as transferred to a Nauber doub'le-
linecl hemocytometer and ce'l ls were counted jn
four corners and central squares. THC's vlere
calculated acc0rding to the formula 0f J0n:,s
t 1e62t ) .

- Blorod volume (BV).

hlemolymph vol ume was determined by
nation by wei ghing 'insects, renoving
as possible and reweighing the 'insects(
et dl., 1931 ; Arnold and Hinks, I976
eT tT'.,11)82 ) .

exsangu j -
haemo lymp h

Richardson
and Terra

Absolute hemoc.;1tes counts (AHC)

From the pre(:eding ntethods, absol ute hemocyte
counts within the entire insect can be calculated
when TH0 values are mrrlt'iplied by the hemolymph
vo I umre.

The data wer: statistigal 1y analysed by calcu*
lating the means and standard deviation. Anal,"s js
0f variance were carried out to check the sjgni-
ficant d'i fference between the treatments (Gouloen
1952).

RES U LTS

Total hernocyte counts {THC).

Total hemocyte counts brere increased gradually
after ec;dysis t0 the last larval jnstar during
the firs;t three days. Significant decrease was
noted at the end of the obligatory feeding period
{ ttre 4!h day ). ,Another gradual incredse was exhi -
bited d'uring the facultative feeding period. This
perio{. i r { between the 4th and the 8th days ) . A

lignif icant decr€lase was observed on fh-e 9th day.
Between t.he 9th a,nd LZth days, the THCs weie ii-
creased grraduaT)y, and--reached its maxinum (gg2S
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Table l. Tocal hemcyce counrs,
henocyre councs during
!. eg:r-

blood volune aod absolute
the lasc larval inscar of

Day s
Tocal heoocyce.

councs (ceL[/omJ)
neaa * SE

B tood voluoe
(ul)
EEAN + SE

Absoluce heoocyce
counts (cetts/
insecc ) .

0

I

2

3
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9

t0
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t2

l3

t4
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3540 + 452
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5936 + 1316
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75.22
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105 .5 i
183.4q

156.20

229 .63

227 ,02

2 l0 .34

286.41

30r .75

237 ,52

181.57

233 .8 l
247 .66

154.46

331 556

288844

37 2627

498007

r i903i

349888

69440 r

1144180

1278867

898181

I 680 144

14099 l8

162 t05 7

l0 r0059

1601473

29 6563

1

I
J

J

I
J

1

1

I
I
j

1

I
1

J
+

6.23

2.99

3 .66

i1.80

7 .24

8.48

13 .89

E .68

/ .00

6.15

28 .50

12.00

8 .09

r0.80

5 .33

9 .68
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I19gZ cejlsi'mn3) sn the 12th day. A significantde: iins ,,.rs no!gc in.the mi&Il. i,f spinning st;g;t4320 + 706 ce'r rs,zmmJ). During thu pl.*pupur stagea significant increase 
''as obierved, ioi tor";-;ia sharp decrease at pupation (Table'1).

Blood volume (BVl.

Blood vor ume was decreased during the fi rst24 hours. Then, - it presented a graOuui increaseunt'i I the end o'F the obligatory ieeding period.This :reak of the 4th day wis about (1ej]qq + 7.24ul). 13etweern the 4Tn anO 5th d;r,s';-;iighT ;;.,:;ignf ficant decrease occurred. A constant rever
<l f b I orid vo I urne b,as observed between the 6th andtli e:ih gays. T'he maximum value of Of ooOlol;;;was noted on tiie l0th dav (30i.75 + Ag.5 ul).i'rom the tenih to tr-e r2ih oay i -grJorai andsignificant decrine was noTed. 

-During 
the middrespinnirig st,tge, blood volume exhibitecl ancrner.increas;e {Fron lil1.5l + g.09 ul ro Ztj.Sf + li).g

!l ). Hor/ev,er, drrring prepupal pu.ioo-i,ij-p,r-p,, ioi
blood I'olume rvas decreased (fabie i). -

Absol ute hrlrnocyte r:ounts (AHC) .

Absolurie henor:yte counts exhibitecl a sii3htdecrease during the first 24 hours. -ii inun in*creased_ gradually untjl the thjrd day. Ihis in_crease f ronn rhe f i rst to the thi rd oui was ab.ut7?.47,. A decl ine ouas nctecl between the 3rd andthe 4th dav's. This; decrin* v{as about a6z-.iur;;;the Facuti:ati u.. jl.;;;;g"ierioo two peaks wererecorded. The fl lst pea[ *as detected on the gthdav (1.278€i67 cer !!,/rarva) and the second on tEetenth (168Ct144 cells/larva), which was the maxi_
T,iT,. I:ty:^01.,:pr,llute hemocyte counrs. From rhei0th to the lrth tlay a sright decrine was noted.
l:;l!u,:i:ll:o.illjls-1ti,se agsorute henocytecounts returned again-to adout its mail.r,.';;i;;(162L}st cetsztarii). orring-trg midd'r e spinning
?::l:1.,"u l:.:::::, ?i uooui iz.'agz',' ;;;;rred. Anincreas,s of absot uie h;;;;y;;';;,ln.l'";;i.""ro,ll
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during prepu!1l, rtug.. The number of hemocytesouring the .l,.ty siinning perioC wii equat tothat durinq rhe'p;[p;;;i stase. At pupation astriking l6ss of'ab;;i;;. henocyte counts wasment i oned ( From . 160i+i j -..1iri 
ii,ru 'io 

29 162 0ce't ls/larva) which-;t;ri-ei .7gl", (Table t).

DISCUSSIOiI

The cycl ic changes in the popu.tation of hemo-cyres have o:.1 l.iiu.niry oeho;;i;;;;; by manyauthors during growili and ievelopment. In B. moriattention wai attriOuieO to hemocyte typFs _and-their fiine structure Ouiing.the last larval in_star; whereas, less uii"ntion !as attriuut"o tothei r pcpulatiol i;,.;;;iutionships changes duei;,"r:?.,lllj::.r, period; ;f dever6preni.'in rast

In the present data THC and absolute henrccytecounts reach:d. !heir peaks at thu .uriy spinningperiod while b-looa vii;;;.err,iuit.i"iir, peak atmature larvae. pathar f rgaqt ;;;;.r=i.i"inu, therel: .^::g1!i:.-correration between the Bv and IHC.1n contrast shapiro {19661 "gporteJ-tIir the THcwas increased wirhoui-; ;;sni?i.;;; i.l".ur. inblood vo'lume. Thur, 
--ii 

Jpp.u., rrom-ine presentdata thar the n.giiiu.".J;^;,u1ai10n-"'n.tn..n 
theTHc and B' was no{ reco.i"o. ut a t i strii'ea times.This negative corl eration r,u1 !een detected bet-ween BV and THC-on the-+iii .ana 9!! days, and atsobetween the ^tl*l 

-iir-#0.. 
unrTT tiu' prepuparstage. 0n the. oFher^ [ln j,''= tf.,q BV decreaseo about14'Bz whire th; iia in..iur.o about tzg.5% bet-y'een the 4th tl9 the Sd iuvt.- Also, between the9th and the r0trr Jrrr-itrr"o vol ume ,,as increasedabout S.32, b[E th; Tii -in'creaseo 

tt .S% " A con _stant level gf. Bv rroi rilS^gl! io il,u-eth dayswas accomDanied^ll_1 :iqliii.unT in..*ire or theiHQ' Thes* resurcs iniicate that another factor
I i'qT"',iinilll-, lli.l:;; iit' numb.,^ oi"i.'ocytes
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Ihe moulting is a result of important changes
in hormonal reailtions, Arnojd t1974) pojnted 0ut
that, thr: variat'ion in the hemogram during ecdysis
may be influenced by the titre of ecdysone in
th; blood. In B. mori Calvez et al., (1975) noted
that the ecdyiteroT:d titre began to increase on
the 8th day anO reached its peak iprepupal peak)
just -T-rlfore spinning. Thereafter, in several
lepidopberous 'insects an'-rther peak has been de-
tected {commitrnent peak) 0urinE the last instar
tLafont et a'l .,, 1977; Bol I enbacher et dl ., 1978;
Agui an,J E-Trirma, 1982; Kallenborn afr-il l'{osbacher,
198:l ; (lelman and Brents, 1984; Plantevjn et dl.,
1984; E:;sawy 1985 and Zjmowska et a1.,1985T..Dean
et al . , i 1980) reported that the a5l;ence of thi s

p'eak--jn gglbylt m-ori may be the result of tirne
increments-Setweeri titre poi;its or the subtlety
of the changes in the titre. ilonsequentiy, tire
incr'€dSr3 of THC between the 4th and 5th da'ls, and
between the 9th and the 10th inay be dTrect i , due
to the rrcdysone' release whl-Ch s! jmulate he:;, {rytti
mitotic divisiorrs. Ho!ever, ,r poss'ible e..{,islerrce
of an indirect ef fect on ihe hemopo'ietic orlj{.ins
should be taken into account" Aka'i and Sato
( i971) csncluded that at ihe time of mouifing,
the hemopoietic organs release all types o'i'hemo-
cyters 'into the hemolymph.

The presenl; observatjon in B" mori jndicate
that thri absol ute hemocy're coun ET was sTri k1i ngly
decreased and i'l; lvas accompanied by a decljne jn
THC anrl BV during pupation. Such a result was
observe<J in Ephestia kuhn'iella (Arnold, i952).A
more, or less-l;imilaFsTtuafTon was obtained in
lgoq_Lplrra litura (Prasada .g! a1.,1984). 0n the
other hand, in B. morj the henocytes "gained"
during last larval sEage are the 0nes that are
"lost" at pupatjon. Ihis observation had been
also suggested by Arvy et a1 .( 1948) in Chrysomel a

decemlineata. The disappeardnce of henrocytes- at
fFe-- en(I-o-T-the last larval instar may be due to
the assistaoce of hemocytes in the removal of
autolysed tissues during the late prepupal and

5*1



ea rly pupal stage of
Sass ao,d Kovacs, 1977

ftsrrY.

development (t'lalker, 1966;
and Essawy et al., 1985).
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