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ABSTRACT

Changes in the concentration of cations in
the haemolymph of silkworm B. mori were studied
in both gholesterol-treated and normal larvae.

1- Sodium concentration in the haemolymph of
treatgd larvae was lower than that of control.

2- The potassium level in the haewmolymph of con-
trol larvae decreased during the obligatory
feedidg period. Then, from the 5th day to the
prepupal stage, no change was observed. 1In
treatqd larvae, during the first 7 days, potas~-
sium concentration was significantly lower
than that of control. While, from day 8 and
until pupation, potassium level was signifi-
cantly higher than that of control larvae.

3- Na+/K# ratio in control larvae was lower than
one. In treated larvae, during the first 7
days, the ratio was more than one. From day 8
up to pupation the ratio remained 1less than
one and lower than that of coatrol.

4- The cdlcium level was higher in treated larvae
than that of control.

5- The Hhaewolymph wmagnesium concentration in-
creased significantly during the obligatory
feeding period in treated larvae and reached
(218.82 + 9.8 mg/100 ml) at the 4th day.
While, during the last three days, it was
significantly higher in control larvae.
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6= Ca+2/Mg+2 ratio in control and treated larvae
was lower than one. 1In treated larvae, the
ratio was higher than that of control.

INTRODUCTION

Various forms of stress such as starvation
(Jutsum et al., 1975 ; Lim and Lee, 1981), 1low
temperature (Somme,1966), high temperature (Cohen
and Patana, 1982) and desiccation (Edney, 1968)
profoundly affect concentration of insect blood
constituents. One aspect that has shown response
to stress is cationic composition of the haemo-
lymph (Cohen and Patana, 1982). However, cationic
concentration is not only affected by stress, but
also by changes during the developmental process
(Florkin and Jeuniaux, 1974; Shimizu,1982; Essawy,
1985).

Lepidopterous larvae that feed on plant
materials may witness a variety of host plant
scarcity. Dietary inadequacy (Collett, 1976) and
dietary condition (Jungreis et al., 1973; Shimizu,
1982) significantly mcdify the haemolymph cation
pattern. Cation <concentration in the silkworm
haemolymph is important because the cations con-
trol the insect nervous system (Weevers, 1966 and
Miyazaki, 1980) and its biochemical condition
(Jungreis et al., 1974). Both the nervous system
(Verrett and Mills,1976) and the endocrine system
(Mordue, 1970; Hill and Izatt, 1974; Sroka and
Barth, 1976) directly affect the concentration of
most blooid comstituents.

After the treatment of B. mori larvae with
cholesterpl, silk production and food consumption
were increased (Idriss et al., 1990). It is well
known thakt sterols act as phagostimulants(Hamamura
et al., 1962) in addition to its role as a struc-
tural component of membrane (Chen, 1984). Iusects
utilize sterol as their moulting hormone, and
cholestrol is the obvious primary substrate for
this hormone (Gilbert and Chino, 1974),

31



JPLRES Yoi 3 No:2 (1%

In t hje gfesent study, variation of Na+, K+,

ca’?® and Mg concentrations in the haemolymph of
the last larval instar of B. mori were studied in
both normal larvae, and larvae treated with a
phagostimulant (cholesterol).

MATERIALS AND METHODS

Larvae of mulberry silkworm, Bombyx mori L.
(Lep. Bombycidae) were used during the present
experiments.Larvae of the Korean hybrid 155 x 156
were reared under laboratory conditions of 24 +
1°C and 70-75% relative humidity. Cholesterol
which has been produced by (Sigma St. Louis, MO,
USA) was nsed.

All ekperiments were carried out on the last
larval instar. A dose of fifty microgram of
cholesterpl dissolved in 2 ul of acetone was
topically applied to the larval pronotum at 0+6 h.
Each control larva was treated with 2 ul acetone,
(Idriss ef al., 1990)

Accorging to Calvez, 1981 and Shimizu, 1982.

The last larval instar has been divided 1into

several periods : (i) The feeding period, which

is divided into two periods, obligatory feeding

period (from newly 5th instar larvae to 4-days

old larvae) and facultative feeding period (4-

days old larvae to 10-days old larvae), (ii).
Mature larvae showing wandering behavior (10 days

old larvae). (iii) Mature larvae which have just

evacuated its midgut content (11 days old larvae).
(iv) Early spinning period (12 days old larvae).

(v) Middle spinning period (13 days old larvae).

(vi) Prepupal stage (day 14) and (vii) new pupal

stage at day 15.

Haemolymph of silkworm larvae was collected
by cutting one of the abdominal legs, and that of
pupae by puncturing the abdomen. After acid di-
gestion with O.IN HCl as used by(Dawczynski et al.,
1980), each of the samples was analysed for Na*j
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K+, Ca+2 and Mg with a Pye-Unicam Model 2800
Atomic Absorption Spectrophotometer apparatus.
Statistiical analysis of the data was performed
using studient’s t-test and P values <0.05 were
considered significant.

+2

RESULTS

Results of the quantitative changes of sodium
in the haemolymph of control silkworm are shown
in Fig.la). Sodium concentration shows two peaks
at feeding period. The first peak (65.35 + 7.54
mg/100 ml) was noted during the obligatory feeding
period (at the 2pnd day) and the second peak
(54.77 1+ 12.75 mg/100 ml), was noted at the
facultative feeding period (at the 8th day). This
peak of the 8th day 8 was statistically signifi-
cant. Then, a decline of Na™ cation was noted,
however, Nat cation concentration began to in-
crease again at the prepupal stage, and rose up
to about 27.4 + 4.9 mg/100 ml.

In the haemolymph of treated 1larvae sodium
cation showed a peak at the 2nd and 3rd days
(Fig.1lb). No significant difference between the
two peaks of the 2nd day in control and treated
larvae. A sharp and significant decrease at the
4th day was recorded and remained at a constant
-level up to the new pupal stage. The sodium con-
centratfions in the haemolymph) of treated larvae
were less than that of control.

Potassium concentration in the thaemolymph
showed a sharp decrease after ecdysis to the
fifth fnstar larvae. This loss of KT continued
until the fifth day of feeding period. Potassium
concentration in the haemolymph of newly S5th
instar larvae was 155.9 + 21.8 mg/100 ml. While
it was 43.68 + 13.42 mg/100 ml in 5 days old
larvae. Then, between the 6th day to the 12th day
haemolymph K stayed at rather constant level
ranged from 53.76 *+ 22 to 65.94 + 12.29 mg/100
ml ( Fig. 2a ). A small increase which was
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(B) Treated larvae.

Mean + SE.
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Fig (3): Na/K ratio in the haemolymph of the silkworm larvae
during the larval pupal development (A) Control larvae
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not significant at the prepupal stage was observed.
A minimum level of K~ was noted in the haemolymph
of the new pupal stage (21.4242.49 mg 100 ml).

Potassium cation in haemolymph of treated
larvae showed a sharp decrease during the first
24 hours (from 155.9 + 21.5 mg/100 ml to 33.4 +
11.73 mg/100 ml). Then, potassium slightly dec-
reased again up to the 7th day. However, in the
last twp days of facultative feeding period a
high significant increase was observed. As a
result, 'a slight decrease was noted until the
13th day (middle spinning stage). Another signi-
ficant peak was noted at the prepupal stage (Fig.
2b). From this data, during the first 7 days,
potassium catioan concentrations in control and
treated larvae exhibited the same trend. But in
coatrol larvae, K* concentration was significan-
tly higher than that of treated larvae. While,
from the 8th day and yp to the pupation, 1in the
treated larvae the X' haemolymph concentraticns
were significantly higher than that of control
larvae.

The NaT/K™ ratio in control larvae ranged
between [0.25 to 0,85, and remained ccnstant at
the typically low levels found in lepidopterocus
larvae 4ds shown in (Fig.3a). This ratio reached
its minimum at the end of the llth day , which
was equdl to the ratio of Nat/KT of newly Sth
initai larvae, In treated larvae (Fig.3b), the
¥a'/K ratio reached its maximum at the 3rd day
due to the increase of sodium and the decrease of
potassium at this period. While at 7th day,
another high ratio was noted which was due to
minimal concentration of K’ at this period. The
ratios Were about 3.44 and 2.68 at the 3rd and
7th days irespectively. From the 8th day and until
the pupation the Nat/k* ratio remained constant
and unot ' ' more than 0.14. This was due to the
elevated concentration of K+, and to the constant
and low level of Nat.
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Calcium concentration in haewolymph of con-
trol laryae showed a gradual decrease from the
beginning of the last larval instar until the end
of the fifth day. The level of cat’ remained
constant at 1low level between the 5th day and
until eai%y spinning stage. At middle spinning
stage Ca augment about 29 fold (48.3 + 8.36
mg/100 ml). Calcium concentration was constant at
its high level during the prepupal stage, then
decreased jagain at the new pupal stage.

In treated larvae calcium cation concentration
was more higher than sodium, but they followed
the same trend. Calcium presented a high level
until the 4th day, then decreased significantly.
Not significant peak was noted at the 7th daX2
From the 8th day to the prepupal stage Ca
concentration rsmained constant. In all studied
times the cat® concentration in the haemolymph
of treated larvae were higher than that of con-
trol larvae except at the middle spinning stage
to the new pupation.

In control larvae Mg+2 concentration in -the
haemolymph showed a constant state during the
first four ggys of the feeding period. 1In the

fifth day Mg concentration decreased signifi-

cantly. Then, it showed a significant increase in
the 6th day (64.68 + 19.6 mg/100 ml). Another
peak was observed at the 8th day, followed by a
gradual decrease until early spinning stage. At
middle spinning stage a significant increase was
recorded (101.01 + 6.8 mg/100 ml). At the new
pupal stage Mg “concentration reached to its
minimal level (Fig.,5a).

In treated larvae haemolymph Mg+2 concent-
ration exhibited a sharp and significant increase
during the first four days of the feeding period,
with a peak at the 4th day (218.82 + 9.8 mg /100
ml). From the 4th day and up to the pupation a
shagp and signifizzht decrease was observed, and
Mg+ concentration reached its minimum at the new
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pupal stage. The increase of Mg+2 which was ob-

sarved at spinning stage and prepupal stage in
control larvae, had not been shown in treated
larvae.

The Ca+2/Mg+2 ratio was maintained at Thigh
jevel at the beginning and at the end of last
larval instar development in control larvae (Fig.
6a). The ratio ranged between 0.01 to 0.75 and
remained fairly not constant and reached 1its
mai%mum+3q the new pupal stage. In treated larvae,
ta’ < /Mg ratio remained constant as shown in
(Fig.6b) and did not present a sharp modification
Also, in treated larvae, the ratio was higher in
all studied times than that of <control larvae
(Fig. 6a,h).

DISCUSSION

Haemolyvuph 1ion concentrations are known to
VALY significantly with the time of feeding 1in aro
inscar, the diet and dietary inadequacy, dletarxry
eondirion and the rearing method (Pichon, 1870;
Jungreis et al., 1973 ; Zerreys and Chapman
1374, Collect, 1976). Imsects lack the ability ©

synthesize sterols from acetate and thus require
them in the diet {(Gilbert, 1967 ; Thompson @&t
cal., 1973). Hamamura et al, 1962 sugzested that
cholestroll may act as phagostimulant. Also,Ritter
and Nes, 1981 noted that cholestrol supported the
complete development of the insect.

From the present data haemolymph cation con-
centratiogn was characterized by high level of
magnesium and potassium in control larvae, and
low level of calcium and sodium concentration.
This data is in agreement with the results ob-
tained by Florkin and Jeuniaux (1974), Dawczynski
et al.(1980),Shinizu (1982) and Terra et al,(1982).

Sodium cation concentration in control larvae
was higher than that of treated one. Stress con-
ditions had little effect upon haemolymph sodium
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cation (Cohen and Patana,1982). A negative corre-
lation between temperature and ability of Malpi-
ghian tubules to remove Na® from the haemolymph
(Anstee;gg al. 1979). In the present observations
a positive <correlation was noted between the
treatment with cholesterol and the decrease of
sodium g¢oncentration in the haemolymph.

Shimizu (1982) noted a constant level of KT
during feeding stage and the mature stage in
silkworm, followed by increase at spinning stage
and until pupation. This author explained these
results to be due to the decrease of the haemo-
lymph voglume. 1In the present study, Potassium in
control  larvae, showed a significant decrease
during the obligatory feeding period, while in
facultative feeding period it remained constant.
A decline and restoration of K' level in the
cecropia haemolymph during larval-pupal transfor-
mation was observed (Jungries, 1978). In contrast
to these results, treated larvae with cholestrol
showed a low constant level during the obligatory
and middle of facultative feeding period. Then,
significant increase 1in K concentration was
noted ajt the 8th day and it was higher than that
of contrjol until the pupation, with a small dec-
rease during spinning stage.

less
ratio
7
In
ratio

Na+/K+ ratio in control larvae was
e. While, in treated larvae the
between 1.09 to 3.44 during the first
en decrease less than that of control.

The
than on
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day, th

lepidopt
may be
amount o
or less
and Papa
affect
enzymes
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haemolymph Mg

stant le

era(Chapman,1972) noted that Na+/K
lower than one, this ratio reduced the
f regulation necessary to maintain a more
constant level in the blood. Kimelberg
had jopoulos,(1978) noted that cholesterol
the activities of membrane associated

such as Na+, kt dependent ATPase.
bntrol+%arvae and during the first 4 days
concentration showed a high con-

vel, followed by a decline, then, two
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peaxs appeared at the éch and 8th days. Namouff
and Jeuniaux, (1970) and Florkin and Jeuniaux
(1974) notted a fall in haemolymph Mg+ during th
ontogeny. TIn the present data haemolyamph Mg+
showed a sharp iacrease at middle spinning stage
followed by a significant decrease at new pupal
stage. Concerning the elimination of the excess
haemolymph magnesium, Kobayashi (1978) reported
that in the silkworm, pupal midgut egithelium
cells accumulated a large amount of Mg e as an
inorganic form. This suggestion was supported by
Shimizu i%982). In larvae treated wit choles-
terol, Mg'® concentration increased significantly
during the first four days than that of control
larvae. This may explained by the increase of
food intdke due to the phagostimulant effect of
cholesteral. Chapman (1972) noted that in phyto-
phagous ﬂnsects the concentration of Mg in the
blood is of%en relatively high due to the high
level of Hg+ in the diet, since it is a consti-
tuent of chlorophyll.

Calcium cation concentration in the haemo-
lymph of control larvae showed a decrease and low
level during the obligatory feeding period. A
peak of calcium cation was noted at the piddle
of spinning period. While, in treated larvae
calcium cation concentration showed a level which
was more +Ehan that of control. 1In Spodoptera
-exigua Ca concentrations were significantly
affected by stress with decrease of this ion
resulting from high temperature stress as well as
starvation and desiccation (Cohen and Patana,
1982). In the silkworm B. mori, Shimizu (1982)
reported that calcium concentration in the haemo-
lymph of the larvae which were reared on mulberry
leaves or an artificial diet was maintained at a
constant level. Many functions were attributed to
calcium cption in invertebrate and vertebrate.
Since cellular activities are profoundly influen-
ced by the haemolymph matrix, the chemical and
osmotic cpmposit.on of the haemolymph is very
important to an insect’s homeostasis (8chin and

41



[

Moore 1977). Smit
that stimulation

thoracicotropic ho
cellular calcium. E
was a strong positi
cellular calcium

prothoracic gland.
completely express
vertebrates hormoen
facilitates the

(McClure and Steel
tion of DNA synthes
affects the acti
adenylate cyclase (
terol affect adenyl

Vidair and Rubi
tent, |compartmenta
sensitive to small
cat /Mg& ratio in
the present study
ratio in treated la
trol larvae. Accor
(1983) it is %he 1
free QCa “/Mg © rat
tion of DNA synthes

In donclusion, c
affect  the cation
Bombyx mori last
creasing the food
fying the hormona
available sterol.

C4ES volid Nesl (1991).

h and Gilbert (1989) reported
of ecdysone synthesis by pro-
rmone (PTTH), require extra-
ssawy (1985) showed that there
ve correlation between extra-
and ecdysone synthgiis in the

Extracellular Ca can be
ed the activity of numerous
es (Steel and Paul, 1985),
activation of phosphorylase
,1981) and control the inicia-
is (Whitfield, 1980). Calcium
vation of <calcium dependent
Martelly,1984). While, choles~-
ate cyclase (Klein et al.1978)

n (1982) noted that Ca+2 con-

lization, and efilux rate are
change in intracellular Mg .
control and treated larvae in
were less than one, but the
rvae was more than that in con
ding toe the diagram of Szumiel
owering on the intracellular
io which may allow the initia-
is.

holesterol as a phagostimulant
pattera of the haemolymph in
instar larvae directly by in-
intake or indirectly by modi-
1 balance by 1increasing the

REFERENCES

ANSTEE  J.H., BELL O.M. and FATHPOUR H. (1879).

Fluid and ca
ighian tubu
hysiol., 25,

tion concentration by the Mal-
les of Locusta. J. Insect.
373-380.

42



Essawy.

BERNEYS E.A. and CHAPMAN R.F. (1974). Changes in
haemolymph osmotic pressure in Locusta

pigratoria larvae in relation to feeding.
Ji. Ent.(A) 48, 149-155.

CALVEZ B. (1981). Progress of developmental prog-
ramme during the last larval 1instar of
Bombyx mori: Relationships with food in-
take, ecdysteroids and juvenile hormone. J.
Insect Physiol., 27, 233-239.

CHAPMAN R.F. (1972). The insects: structure and
function. Warwick Laae, London.

CHEN H.W. (1984). Role of cholesterol metabolism
cell growth., Federation Proc. 43, 126-130.

COHEN A.C. and PATANA R. (1982). Ontogenetic and
stress-related changes in haemolymph chemi-

stry of beet armyworms. Comp. Biochen.
Physiol. 71A, 193-198,

COLLETT J.I. (1976). Some feature of the regu-
lgtion of the free amino acids in adults
Calliphora erythrocephala. J.Insect Physiol.
22, 1395-1404,

DAWCZYNSKI d., GUNDEL J., MULLER A. and MULLER
EJ (1980). The electrolyte composition of
the haemolymph of Galleria mellonella depen-
ding on age. Zool. Jb. Physiol. 48, 451-457.

EDNEY E.B. (1968). The effect of water loss on
the haemolymph of Arenivaga and Periplaneta.
Comp. Biochem. Physiol. 25, 149-158.

ESSAWY M.M. (1985) Relations cytophysiologiques
entre la glande prothoracique et la tissu
sanguin durant le dernier stade larvaire
d’Heliothis armigera (Insecte, Lepidoptere,
Noctuidae).These d"Etat, U.S.T.L.Montpellier.

43



JPCRES Vol:3 o2 (1991

FLORKIN M. and JEUNIAUX C. (1974). Haemolymph
fomposition. In the Physiology of Insects
(Ed. Rockstein M.) 5,255-307 Academic Press.
New York.

GILBERT L.I. 1967. Lipid metabolism and function
in Insects. Advan. Insect Physiol. 4:69-211,

GILBERT L.I. and CHINO H. (1974). Transport of
lipids in insects. J. Lipid Res. 15,439-456.

YAMAMURA Y., HAYASHIYA K., NAITO K., MATSURA K.
‘and NISHIDA J. (1962). Food selection by
silkworm larvae. Nature. Lond. 194, 754-755,

HILL L. and IZATT M.E. (1974). The relaticanships
between corpora allata and fat "~ body and
haemolymph lipids in the adult female desert
locust. J. Insect. Physiol. 20, 2143-2156.

IDRISS;M., E1-KARAKSY I.A. and ESSAWY M.M. "19%0).
Cholesterol affects biometrics of the mul-
berry silkworm Bombyx mori L. 10%%% coll.
Physicl. Insect. Tolouse. France.

JUNGREIS A.M. (:978). The composition o~f larvaa~-
pupal moulting fluid in the tobacco hora-
worm Manduca sexta. J. Insect Physiol. 24,
65-73.

JUNGREIS A.M., JATLOW P. and WYATT G.R. (1973).
Inorganic ion composition of haemolymph of
the cecropia silkworm : <changes with diet
and ontogeny. J. Insect Physiol.l9, 225-233

JUNGREFS AM., JATLOW P. and WYATT G.R. (1974).
Regulation of trihalose synthesis in the
gilkmoth hyalophora cecropia : The role
of magnesium in the fat body. J. Exp. Zool.
187, 41-46. '

JUTSUM A.R., AGARWAL H.C., and GOLDSWORTHY G.J.
(1975). Starvation and haemolymph 1lipids
in Locusta migratoria. Acrida 4, 47-56.

14



Esaawy.

YIMELBERG Hd.K. and PAPAHADJOPOULOS D. (1973).
Effects of phospholipid acyl chain fluidity,
e e et o , ot
p&a&e traasitions and cholesterol on (Na -+
X")~ stimulated adenosine triphosphate. J.
Biol. Chem. 249, 1071-1080.

KLEIN I., MOORE L. and PASTANI I. (1978). Effect
of liposomes containing cholesterol on
adenyl «cyclase activity of cultured mam-
malian fibroblasts. Biochem. Biophys. Acta
506: 42-53.

KOBAYASHI M.(1978). Structural changes of midgut
epithelial cells during metamorphosis in
the silkworm, Bombyx mori.L. The cell Japan
10, 743-751.

LIM S. J. and LEE S. S. (1981). The effect of
starvation on haemolymph metabolites, fat
body and ovarian development in Oxya japonica

(Acdididae : Drthoptera). J.Insect Physiol.
27, 93-96.,

MARTELLY I. (1984). Planarian regeneration
effect of the external <calcium concent-
ration on total calcium, hormonal contents
and DNA synthesis. Comp. Biochem. Physiol.
78A, 859-863.

McCLURE J,B. and STEEL J.E. (1981). The role of
extracellular calcium in hormonal acti-
vation of glycogen phosphorylase in cock-
roach fat body. Insect Biochem. 1l1: 605-613

MIYAZAKI $. (1980). The ionic mechanism of action
potentials in neurosecretory cells and non-
neurosecretory cells of the silkworm. J.
Comp. Physiol. 140, 43-52.

MORDUE M. (1970). Evidence for the existence of

diutetic and antidiuretic hormones in in-
sects. J. Endocr. 46, 119-120.

45



JPCYES Volsd NosZ (1991),

NAQUMOFF M. and JEUNIAUX C. (1970). Modifications
de 1la composante cationique inorganique de
1/ hemolymphe au cours du development et de
metamorphoses de quelques lepidopteres.
Archs. Int. Physiol, Biochem. 78, 357-365.

PICHON Y. (1970). lonic content of haemolymph in
the cockroach Periplaneta americana : a
critical analysis. J. exp. Biol.53, 195-209.

RITTER K.S. and NES W.R.(1981).The effects of the
structure of sterols on the development of
Heliothis zea. J. Insect Physiol.27,419-424,

SCHIN K. and MOORE R.D.(1977).Cation concentration
in the haemclymph of the fly Chironomus
thummi, during development.J.Insect Physiol.
23, 723-729.

SHIMIZU; I. (1982). Variation of cation concent-
rations in the haewmolymph of the silkworm,
Bpmbyx mori., with diet and larval - pupal
development. Comp. Biochem. Physiol. 714,
4h5-447.

SMITH W.A. and GILBERT L.I, (1989). Early events
in peptide-~stimulated ecdysteroid secretion

by the prothoracic glands of Manduca sexta.
J. Exp. Zool., 252: 264-270.

SOMME L. (1966). The effect of temperature,
anoxia, or injection of various substance
on haemolymph composition and supercooling
in larvae of Anagasta kuehniella (Zell.) J.
Insect. Physicl. 12, 1069-1083.

SROKA P. and BARTH R.H. (1976). Hormonal control
of diglyceride metabolisam during vitello-
genesis in the cockroach. Eublaberus posticus

J.Insect. Physiol., 22, 951-954,

STEEL J.E. and PAUL T. (1985). Corpus cardiacunm
stimulated trihalose efflux from cockroach
(Periplaneta americana) fat body: <control
by calcium. Can. J. Zool. 63, 63-66

46



SZUMIEL L,(1983) ca*¥, Mg ¢ and (adenosine di-
phosphate ribese) n in cellular response to
irradiation. J. Theor. Biol. 101, 441-452.

TERRA W.R}, FERREIRA C. and SANTOS C.D. (1982).
The haemolymph of the sphingidae moth Erinnyis
ello. (1982). Comp. Biochem. Physiol. 734,

373+377.

THOMPSON M. J., KAPLAIS J. N., ROBBINS W.E. and
SVOB0DA J.A. (1973). Metabolism of stercids
in insects. Advan. Lipid Res.ll: 219-265.

VERRETT J.M. and MILLS R.R. (1976). Water balance
during vitellogenesis by the American cock-
roadh: effect of frontal ganglionectomy. J.
Insect. Physiol, 22, 251-257.

VIDAIR C. and RUBIN H. (1982). Mg2™- Sensitvie
alterations 1in Ca Regulation associated
with Cell transformation. J. Cell. Physiocl.,
113: 398-404.,

WEEVERS G. (1966). A lepidopteran saline: effects

‘ of ‘inorganic concentrations on sensory.
Refllex and motor responses in a herbivorous
insects. J. exp. Biol. 44, 163-175.

WHITFIELD J.F. (1980). Adrenergic agents calciunm
ions, and cyclic nucleotides in the control
of cell proliferation. In Adrenengic Acti-
vator and Inhibitors. Handbook of Experi-
mentjal Pharmacology (Edited by Szekeres
L.) Vol. 54, Pt 1, pp. 267-317. Springer,
Berlin.

47



JPCYES Volid Nos2 (199D,

I s S UNRCE CEVS [P PRy PRI JU-3 Ry
N LI KPR E RS § It asdl

P I E PR e e S WEL K A | PR L | o e
It PO I S PYCURU [ RO DY SPONI | e I S [ Y S
poeAdad sl el ol casyl 05y . wleles
letadt ot aadt G P LS coat G5 pgLagedt s 2 Lf
o S detee ot el et e
J,__._a_n RO W SIS | B f.‘Jl ) rJ.,..L:_,fJI S ylms ol T
I LI e | WIS FCH | R SR S Y NS S DY PN
ﬂﬁJ:..i e IRVl X UL B | RN pemls gedl Sycien G G aiase
PomedsSIt. elatsadt <ttt L5 Lol sl ol LS e
o | BERNUO % § P | D O I IO | I UK. TN o)
voedatce oadt o e U yiee st ‘-_,'L_s et
IS I BRI b ey ettt ot aLlal e 3
S e Lapiae ol GUS po G e I e
o oedelso st ot madl ooyt Ul
S ppe-ca R e | Pl pye-gedl Joss LSy
plobaslt = b o2 Loiere2al gy o il elatieo eidt
ci oy e aSE oS Josedt LU ES P L I VS G SP | B YETY
Sl Josedl Gl oacdt oa 3 o e b e S,
st Sl e o ol o U aisd e
o edalian
olot ot OLIE g | o odsl predlSI sy LS
S L VRN | Qo T I | p o ele Jy tee JeSL
L L S O | R S I T S les.-e
FHA) I e 5 edelaodl w1 GG Yo a¥t G las
aebe 5 e a A U i (Je vee /gl e dle TyAAT

S o Syl e kel Lesixe  pgemiéloll gacun
. &_IALJ-Q J,__A.J'

I

W pgeeEladl Il 4y S5 oo f I B OIS S
< Saly e Jaf S edelae o ait |, elalusdl S US| R
I T LLEUYC SR KN | BN SRS DY PO S B | BV RN R

o adete OLI S |

48



	Scan2.PDF (p.1-10)
	Scan20001.PDF (p.11-20)

