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ABSTRACT

Changes of total hemocyte counts (THC) and
blood volume (BV) were studied in order to esti-
mate the modification of absolute hemocyte counts
(AHC) during the different developmental periods
of the last larval instar of the mulberry silk-
worm Bombyx mori.

The THC reached its peak during the early
spinning period whereas, the BV and AHC presented
their peaks on the 10th day. An inverse relation-
ship was noted between the THC and blood volume
on the 4th and 9th days, and also between the
11th day and untiT the prepupal period. No corre-
lation was observed between the BV and the THC.
during the periods between the 4th and the 5th
days, and between the 9th and 10th days. A strik-
ing decrease of AHC is accompanied by a decline
of THC and BV during pupation.

INTRODUCTION

In silkworm, Bombyx mori, several works on
the classification of hemocytes at the 1light-
microscopic level are available (Iwasaki, 1930;
Nittono, 1960). Also, numerous studies concerning
the ultrastructure of B. mori hemocytes by scan-
ning and transmission @lectron microscope were
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pubiished {Akai and Sato, 1973 & 1976). Such
studies are 'ikely to supplement the infirmation
obtained by light micrescope. In B. mori, fun-
ctions of hemocytes have been studied by (Kawase,
1960, Akai and Sato, 1971, 1973; Sato et al.,
1976; Wago, 1983 and Ashida et al.,1988). ~—

There is no doubt that insect hemocyte popu-
lation do respond to internal changes during
development (Shapiro, 1979). Fewer investigations
have involved total hemocyte count and blood
volume in B. mori during development (e.g., at
ecdysis). ~—

This study will deal with changes in total
hemocyte count and blood volume in order to esti-
mate the absolute hemocvte counts in <circulation
during the development of last larval instar of
Bombyx mori.

MATERIALS AND METHODS
- Animals

[nvestigations were carried out on the Korean
hybrid 155 x 156 silkworm B. mori at laboratory
conditions of 24 + 29C and reTative humidity 65-
70%. Mulberry siTkworm Tlarvae were reared in
trays (150 x 80 x 10 cm) and fed fresh mulberry
leaves. Last larval instar has been divided into
several periods according to Calvez (1981) and
Shimizu (1982).

- Total hemocyte counts (THC).

Total hemocyte counts were taken after larvae
were heat-killed in a hot-water bath (56-58°C).
Hemolymph was withdrawn by cutting a proleg on
the sixth abdominal segment with fine scissors,
or by puncturing the abdomen of pupae. Blood was
quickly drawn into a Thoma white blood pipette
and diluted with (2% versene plus a trace of
methylene blue; as used by (Wittig, 1966). The
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pipette was shaken gently for several minutes,
and the first four drops were discarded. The
fifth drop was transferred to a Nauber double-
lined hemocytometer and cells were counted in
four <corners and central squares. THC's were
calculated according to the formula of Jon:zs
(1962).

- Blood volume (BV).

Hemolymph volume was determined by exsangui-
nation by weighing insects, removing haemolymph
as possible and reweighing the insects(Richardson
et al., 1931 ; Arnold and Hinks, 1976 and Terra
et al., 1982).

- Absolute hemocytes counts (AHC).

From the preceding methods, absolute hemocyte
counts within the entire insect can be calculated
when THC values are multiplied by the hemolymph
volume.

The data wer2 statistically analysed by calcu-
Tating the means and standard deviation. Analysis
of variance were carried out to check the signi-
ficant difference between the treatments (Goulden
1952).

RESULTS
Total hemocyte counts (THC).

Total hemocyte counts were increased gradually
after ecdysis to the last larval instar during
the first three days. Significant decrease was
noted at the end of the obligatory feeding period
{the 4th day). Another gradual increase was exhi-
bited during the facultative feeding period. This
period is (between the 4th and the 8th days). A
significant decrease was observed on The 9th day.
Between the 9th and 12th days, the THCs were in-
creased gradually, and reached its maximum (8922
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Table 1. Total hemocyte counts, blood volume and absolute
hemocyte counts during the last larval instar of

B. mori.
Total hemocyte Blood volume Absolute hemocyte
Days counts {cell/mm”) (ul) counts (cells/
zean + SE mean + SE insect).
0 3540 + 452 93.66 + 6.23 331556
1 3840 + 109 75.22 + 2.99 288844
2 4288 + 800 86.90 + 3.66 372627
3 4720 + 947 105.51 + 11.80 498007
4 976 + 119 183.44 + 7.24 179037
5 2240 + 190 156.20 + 8.48 349888
6 3024 + 516 229.63 + 13.89 694401
7 5040 + 1178 227.02 + 8.68 1144180
8 6080 + 1480 210.34 + 7.00 12786867
9 3136 + 285 286.41 + 6.15 898181
10 5568 + 1172 301.75 + 28.50 1680144
11 5936 + 1316 237.52 + 12.00 1409918
12 8928 + 1082 181.57 + 8.09 1621057
13 4320 + 706 233.81 + 10.80 1010059
14 7712 + 1242 207.66 + 5.33 1601473
15 1920 + 194 154 .46 + 9.68 296563
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+ 1082 ceils/mm3) on the 12th day. A significant
decline was noted in_the middle of spinning stage
(4320 + 706 cells/mm3). During the prepupal stage
a significant increase was observed, followed by

a sharp decrease at pupation (Table 1.
Blood volume (BV).

Blood volume was decreased during the first
24 hours. Then, it presented a gradual increase
until the end of the obligatory feeding period.
This seak of the 4th day was about (183.44 + 7.24
ul). Between the 4th and 5th days a slight anu
significant decreaSe occurred. A constant level
of blood volume was observed between the 6th and
the 8th days. The maximum value of blocod volume
was noted on tne 10th day (301.75 + 28.5 wul).
From the tenth to the 12th day a “gradual and
significant decline was noted. During the middle
spinning stage, blood volume exhibited ancther
increase (From 181.57 + 8.09 ul to 233.81 + 9.8
ul). However, diring prepupal period and Duparion
blood volume was decreased (Table 1).

Absolute hemocyte counts ({AHC).

Absolute hemocyte counts exhibited a siight
decrease during the first 24 hours. It then 1n-
Creased gradually until the third day. This in-
Crease from the first to the third day was about
72.4%. A decline was noted between the 3rd and
the 4th days. This decline was about 46%. During
the TFacultative feeding period two peaks were
recorded. The first peak was detected on the 8th
day (1278867 cells/larva) and the second on the
tenth (1680144 cells/larva), which was the maxi-
mum value of absolute hemocyte counts. From the
10th to the 11th day a slight decline was noted.
At the early spinning stage absolute hemocyte
counts returned again to about its maximum value
(1621057 cells/larva). During the middle spinning
period a decrease of about 37.69% occurred. An
increase of absolute hemocyte counts was noted
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during prepupal stage. The number of hemocytes
during the early spinning period was equal to
that during the Prepupal stage. At pupation a
striking 1loss of absolute hemocyte counts was
mentioned (From 1601473 cells/larva to 291620
cells/larva) which aboyt 81.79%, (Table 1).

DISCUSSION

The cyclic changes in the population of hemo-
Cytes have been frequently demonstraced by many
authors during growth and development. In B. mori
attention was attributed to hemocyte types ~and
their fine structure during the last larval in-
star; whereas, legs attention was attributed to
their population interre]ationships changes duye
to the different periods of development in 1last
Tarval instar.

In the present data THC and absolute hemccyte
counts reached their peaks at the early spinning
period while blood volume exhibited its peak at
mature larvae. Pathak (1984) suggested that there
is a negative correlation between the BY and THC.
In contrast Shapiro (1966) reported that the THC
was increased without a significant decrease in
blood volume. Thus, it appears from the present
data that the negative correlation between the
THC and BV was not recorded at all stydied times.
This negative correlation has been detected bet-
ween BV and THC on the 4th and 9th days, and also
between the 11th day and unt77T the prepupal
stage. 0On the other hand, the BV decreased about
14.8%2 while the THC increased aboyt 129.5% bet-
ween the 4th and the S5th days. Also, between the
9th and the 10th days bTood volume was increased
about 5.3%, byt the THC increased 77.59. A con-
stant  level of BY from the 6th to the 8th days
Was accompanied by a significant increase of the
THC. These results indicate that another factor
{s) may regulate the absolute number of hemocytes
in B. mori last instar.
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The moulting is a result of important changes
in hormonal reactions, Arncid (1974) pointed out
that the variation in the hemogram during ecdysis
may be influenced by the titre of ecdysone in
the blood. In B. mori Calvez et al., (1976) noted
that the ecdysteroid titre began to increase on
the 8th day and reached its peak (prepupal peak)
just “before spinning. Thereafter, in several
lepidopterous insects arncther peak has been de-
tected (commitment peak) during the last instar
{Lafont et al.,1977; Bollenbacher et al., 19678;
Agui and Hiruma, 1982; Kallenborn and Mosbacher,
1983; Gelman and Brents, 1684; Plantevin et al.,
1984; Essawy 1985 and Zimowska et al.,1985). Dean
et al.,(1980) reported that the absence of this
peak™ in Bombyx mori may be the result of time
increments between titre points or tne subtlety
of the changes in the titre. <{onsequently, the
increase of THC between the 4th and 5th days, and

between thne 9th and the 10th may be directi: due
to the ecdysone release which stimulate he cytes
mitotic divisions. However, a possible existence

of an indirect effect on the hemopoistic <o¢rgans
should be taken into account. Akai and Sato
(1971) concluded that at the time of moulting,
the hemopoietic organs release all types of hemo-
cytes into the hemolymph.

The present observation in B. mori indicate
that the absolute hemocyte counts was striklingly
decreased and it was accompanied by a decline in
THC and BV during pupation. Such a result was
observed in Ephestia kuhniella (Arnold, 1952).A
more or less similar situation was obtained in
Spodoptera litura (Prasada et al.,1984). 0On the
other hand, 7in B. mori the hemocytes ‘"gained"
during last larval stage are the ones that are
“lost” at pupation. This observation had been
also suggested by Arvy et al.(1948) in Chrysomela
decemlineata. The disappearance of hemocytes at
the end of the last larval instar may be due to
the assistance of hemocytes in the removal of
autolysed tissues during the late prepupal and
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early pupal stage of development (Walker, 1966;
Sass and Kovacs, 1977 and Essawy et al., 1985).
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