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ABSTRACT. Changes in organic (glucose, lipids and protein) and inorganic (Na~,
K+, Ca 2+, Cl and POl-) contents, of the fat body, haemolymph and femoral muscles
of IZonocerus variegatus (L.) during post-embryonic development were investigated
in Abeokuta, Ogun State, during the dry season of 2005. After the initial rise during
the ist _3rd nymphal instars, a sharp fall in the concentration of organic 'supstances was
observed in the 'haemolymph and fat body of the 6th instar as well as in: the femoral
muscle of the 5th instar . Concentrations of anions in the tissues did not' show
consistent trend. The concentrations of glucose and protein .were higher in _the fat
body than in the haemolymph or femoral muscles, while lipids and anions were
generally more in the femoral muscles than in the other tissues.

INTRODUCTION
Zonocerus variegatus (L.) is a large

multicolored grasshopper with
disagreeable odour (Idowu, 1996). The
insect has a repellent gland in the I st and
2nd abdominal segments which becomes
functional as from the 3rd instar (Idowu,
1995). The size of the repellent gland and
its secretion increase with age (Idowu
1996). _ Z. - variegatus undergoes six
nymphal stages of development within 3
- 4 months (Toye, 1981). In the 5th instar,
reversal of wings occurs (Anya, 1973)
and after the final -moult the newly
emerged adults rest for 2 - 3 hours to
permit the wings and cuticle to harden
before they begin to feed (Chapman et
al., 1986). -
The haeinolymph of Z. variegatus is a

.-clear fluid with a green - yellow pigment
that easily coagulates on exposure to air
(Youdeowei, 1974). The chemical
composition 'of the haemolymph shows
variations qualitatively and quantitativ~ly
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depending upon the physiological state,
sex and foodof the organism (Chapman,r. .'. -, ,
1980). Modder (1977) reported that, the
weight of total haemolymph protem per
unit live body weight increases with age
in adult Z. variegatus. In Rhodinus sp.,
however, concentration of amino acids in
the haemolymph rises after feeding, but
remains constant through the period of
moulting (Wigglesworth, 1982). ,
Insects' fat body is the principal organ

for metabolic processing of digestive
products following absorption and is
-responsible for the storage and synthesis
of carbohydrates, protein and lipids
(Hannerland and Shirk, 1995). The levels
of fat body, protein and lipid 'are
influenced not only by' age but also by the
prevailing state of activity and nutrition
of the insects (Modder, 1977).
The muscles of insect legs grow

throughout most of the instars but cease
to grow just. before and during the period
of ecdysis (Hill and Goldsworthy, 1968).
-Protein _concentration in the hind femoral
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at SOoC in an oven for 12 hours and ~ub-
samples of O.Sg were homogenized in
Sml of distilled water. The homogenates
were used for analysis.
Analysis of Samples.
The assays for protein, glucose and

lipids followed the methods of Henry et
al. (1997), Baurnniger (2005), and Grant
et al. (1997), respectively. Five III of the
supernatant and S III of homogenates
were digested using a mixture of
perchloric acid- nitric acid (1:2 v/v) ,
cooled to room temperature and analyzed
for Na+, K+ , using flame photometer and
for Ca2+ using atomic absorption
spectrophometor (Model AA. 403). Total
pol- and cr were assayed
colorimetrically following the method of
Henry et al. (1997)., All analyses were
replicated twice and the data subjected to
analysis of variance (Steel and
Torrie, 1980). Significantly different
means were separated using Duncan's
multiple range test (Duncan,19SS).
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muscles' ihc~eased from Sth instars to
adult in Z variegatus (Oladiran, 1991).
Literature review on Z variegatus has
revealed a dearth of information on the
physiology of its tissues 'during post-
embryonic development. This paper
reports the chemical composition of Z
veriegatus tissues during post-embryonic
development.

MATERIALS AND METHODS
Experimental Insects.
Newly hatched 1st instar nymphs of Z

variegatus were collected from cultivated
farms on the campus of University of
Agriculture, ' ,Abeokuta, Nigeria. The'
insects were reared to adult stage in wire
net cage (30 x 40 x 4S) and fed daily on
Siam weed (Chrornolaena odorata) and
cassava leaves (Manihot esculenta). They
were maintained in the insectaria of the
Biological Sciences Department at of
temperature 31°- 3SoC 'and 12-hr
photoperiod. '
Sample Collection.
Haemolymph oozing out of the

puncture made at the base of the hind legs
and at the antennae of 20 insects was
collected' with a micro cap for each

, t thdevelopmental stage (1s - 6 nymphal
instars) and the adult stage and a sub-
sample of IOOlll of each haemolymph
sample was- then centrifug- 'ed at 1300
r.p.m for IS mm to spm down
haemocytes and debris. "The supernatant
was used for analysis. '
After the dissection of nymphs and

adults (20 each) as' described by
Youdeowei (1974), the peripheral fat
body was picked and carefully separated
from extraneous tissues; O.Srr of the fat
body was then homogenized in Smls of
distilled water and, the homogenate was
used for analysis.
Muscles 'were collected with forceps

from the hind femora of the 20 insects
into Petri dishes, dried to constant weight

RESULTS
Haemolymph,
Fig. 1 relates concentration of glucose,

protein and lipids in the haemolymph to
post-embryonic development" The
concentration of protein gradually
increased from the 2nd instar to the 4th
instar (1st and 2nd were not significantly
different), decreasing at the s" instar and
increasing at the adult stage. Glucose
rose from the 1st instar to the 2nd instar
and maintained a fairly constant
coricentration through to the Sth instar
until a sharp decrease at the 6thinstar and
thereafter increased at the adult stage.
The concentration of lipids increased
from 1st to the 3rd instar, fell at the 4th
and 6th instars but increased at the adult
stage. It is noteworthy that the 1stand 2nd

instars ,2nd and 3rd instars had
comparable concentrations of glucose,
and lipid. ,
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Fig.1. Concentration of organic substances in the haemolymph.

Table 1. Concentration (mmol/l)" of inorganic substances in the haemolymph of
Z .variegatus during post-embryonic development.

Nymphal instar

1st 0.79b 0.67c 12.00bc O.Ole 5.00

2nd 0.53d 1.15c 18.00a 0.60de 7.00

3rd 0.63cd 1.25c 18.00a 1.20cd 8.00
4th 0.53d 7.00a 10.50c 1.40c 4.80

5th 0.90b 3.30bc 10.80c 1.30cd 4.50

6th 0.77bc 4.20b 16.00a 5.00a 7.60

Adult 1.61a 7.60a 15.00ab 2.50b 8.00

a Mean values in a column having the same or no letter(s) are not significantly
different (P>0.05).

All the inorganic ions assayed (K+, Na+,
cr Ca2+ and PO.{) were detected in the
haemolymph with Na+ having the highest
and K+ having the least concentration
amongst cations. The concentration of
Ca2+ in the haemolymph increased
steadily from the 15t to the 4th instar
before dropping at the 5th instar and
subsequently rising through to the adult
stage (Table 1). Of the two anions, cr
was the more abundant; pol- was very
low (Table 1). The concentration of
cations at the 2nd and 3rd nymphal instars

did not show significant difference;
across all developmental stages, cr
concentration did . not significantly
change.
Fat Body
The concentration of protein in the fat

body rose gradually from the 1stto the 4th
instar and. subse~uently decreased
during the 5th and 6t instars and rose
again at the adult stage. For lipids, the
concentration rose from the 1st through to
the 3rd instar, declined at the 4th arid 6th

instars, but increased at the 5thand; more
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Fig. 2. Concentration of organic substances in the fat body.

Table 2. Concentration (mmol/l)" of inorganic substances in the fat body of
Z variegatus during post-embr;onic development.
Stage pol- Ca + Na+ . K+ cr
1st 0.78e 1.S4d 10.00c 0.80 4.00c

2nd 0.S3f 1.83cd 12.00bc 0.60 7.00bc

3rd O.60f 1.83cd 18.00b 1.00 10.00ab
4th 1.0Sd 12.00a 28.00a 1.80 12.00a
Sth 2.90a 4.30bcd 29.30a 1.60 10.S0ab

6th 1A8c S.70bc 29.00a 2.00 12.30a

Adult 2.11b 6AOb 2S.00a 2.10 11.70ab

a Mean values in a column having the same or no superscript letters are not
significantly different (P>O.OS).

remarkably, at the adult stage. Glucose'
concentration increased sharply between
the 1st and the 2nd instar, gradually
through to the s" instar but decreased at
the 6th before remarkably increasing at
the adult stage (Fig. 2).
The concentrations of protein and lipids
in the fat body were noticeably higher
than in the haemolymph. remarkably,· at
the adult stage. Glucose concentration
increased sharply between the 1st and the
2nd instar, gradually through to the Sth
.instar but decreased at the 6th before
remarkably increasing at the adult stage

(Fig. 2). The concentrations of protein
and lipids in the fat body were noticeably
higher than in the haemolymph. The
concentration of inorganic ions (Table 2)
showed trends similar to those of the
haemolymph.
Femoral Muscle.
The concentration of protein' in the

femoral muscle tended to increase from
1stinstar nymph to the adult stage (Fig.
3). For lipids and glucose, the
concentrations rose through the post-
embryonic development except for a fall
at the 4th and Sthinstars (lipids) and at Sth
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6th. AduH
Nymphallnstar

1st O.7ge 1A4cd 10.00c OAOc 3.00e

2nd O.7ge O.96d 18.00b OAOc 6.00d

3rd O.61e l.06d 19.00b 1.20c 8.00c
4th 1.32d 6.00ab 20.10b 3.00b 11.40b

s" 4.20c 2.90cd 21.00b 3.00b 11.50b

6th 9.86b 3.80bc 29.80a 8.80a 13.10b

Adult 10.11a 7.20a 30.00a 8.00a 15.00a
.-

a Mean values in a column having the same or no superscript letters are not
significantly different (P>O.05)

instar (glucose) (Fig. 3). Lipids occurred
at higher concentration than glucose and
protein in the femoral muscle (Fig. 3).
'With the exception of Ca2+, inorganic
ions steadily increased from the 3rd instar
nymph to the adult stage (Table3).

-DISCUSSION
The result of the present study showed
the presence of, both organic and
inorganic substances in the haemolymph,
fat body and femoral muscles of Z.
variegatus. There was a gradual increase

in the concentrations of organic
substances during the early stages of
development. Idowu (1996) reported a
gradual increase in the size of the
repellent gland of Z. variegatus during
post-embryonic development. Modder
(1977) similarly reported that the weight
of total protein in Z. variegatus increased
with age.
The concentration of lipids was more

than other organic substances in the
haemolymph, fat body and femoral
muscle. This is not unexpected as active
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Nakamatsu and Tanaka, 2003).
The 6th instar is the final stadium and at

this stage there is a structural and
physiological reorganization in prepara-
tion for moulting to adult stage (de Vries et
al., 2001; Modder, 1977). It was possible
that the decline in the organic substances at
the last stadium was due to mobilization of
these substances towards reproductive
activities which is the main activity in adult
stage. Chapman (1980) reported that there
was a decline in ecdysone titter of giant
silk moth, Antheraea polypherus, just prior
to adult emergence.
The higher concentration of the lipids in

femoral muscle than in of the other tissues
could be due to the fact that femoral
muscles are energy-demanding tissues and
lipids supply more energy and water to the
muscles. Also in the femoral muscle, pol-
'concentration increased throughout the
developmental stage. This is in agreement
with Chapman (1980) who explained that
phosphate is a molecule in ATP whose
concentration increases in femoral muscles
as the insect increases in age.
A constant increase in inorganic

substance concentration, especially Na+; is
observed during post-embryonic
development since Na+ and K+ play a
significant role in, osmotic pressure and
conduction of nerve impulses in insect. A
high level of Na+ increases the height of
action potentials (Jibir, 1991) and adult
insect activity. Furthermore, these find-
- ings further confirmed that Z. varieg- atus,
like other phytophagous insects,
accumulate more of Na+ and cr in its body
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'insects are known to reserve fats in their
tissues to be utilized later to supply energy
(Chapman, 1980).
The concentration ofNa+ was the highest

of all the inorganic cations examined.
Steffalano and Romoser (1990) reported
that phytophagous insects had more-Na" in
their tissues than K+ as Na+ is a major
constituent of plants. The presence of Ca2+
and its steady increase' during post-
embryonic development is of physiological
importance. Calcium is essential for
effective nerve conduction, when bound to
molecules on the nerve membrane
(Chapman, 1980).
Analysis of anions 'in Z variegatus tissue

showed that concentration of cr was high,
while pol- was very low; this corroborates
the report of Chapman (1980) that cr is the
most abundant anion in insect blood, while
P043- and co," are rarely found. .
The concentration of organic substances

in the tissues analyzed did not show
significant differences either between 1st
and 2nd or between 2nd and 3rd• Literature
has shown that I" - 3rd instars have many
things in' common inclusive of gregarious
habit (Toye, 1981). It is the stages at which
the insects are building up tissues that last
the insects' life. Idowu (1995) discovered
that the repellent gland of Z. variegatus
only became' functional from 3rd instar
onward.
Fat body is freely suspended in the

haernocoel, s-o they ate intimately bathed
by the' blood (Chapman, 1980). -, The
present' results and those of Idowu and
Modder (1998) confirmed that' concentra-
tion of organic and inorganic" substances' in
the fat body and haemolymphwere similar.
However, the concentration of'.protein and
lipids' in fat body were higher than in 'the
haemolymph. 'The fat body has been
reported' to store glycogen, fat, protein 'and
other substances, brought into it with blood
load (Hannerlandand Shirk, 1995;

tissues.
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