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Introduction 

In 1955 Nayar described two types of neurosecretory cells in lphita limbata (A- and B­
types) [1]. Later, Johannson [2] classified these cells into four categories: A, B, C and 
D, which he regarded as motor neurones of neurosecretory function. Furthermore, 
Delphin [3] recognized in the ventral ganglia of Schistocerca gregaria four classes of 
neurosecretory cells (A, B, C and D), and subdivided A and B into A1 , A2 , A3 and 
Bt. B2 , respectively. This was not accepted by the present writers [4], who considered 
that the different activity phases of their A-cells represent those identified by Delphin 
[3] as C- and D- types, and that the A1 , A2 , and A3 cells of Delphin correspond to the 
activity phases of their B-cells, and that the phases of activity of their C-cells represent 
the B1 and ~ types of Delphin. · 

Banhawy and Anwar [4] reported that the neurosecretory cells and neurosecretory 
material in adult Gryllotalpa gryllo(alpa L. are particularly rich in histones, SS and SH 
proteins, acid mucopolysaccharides and ascorbic acid. 

The present work was planned to fmd out if there is any variation in the neurosecre­
tory activity in the different developmental stages of Spodoptera littoralis (B). 

Material and Techniques 

Six successive developmental stages of Spodoptera bred under laboratory conditions were 
used in the present study. The dissected parts of the nervous system were fixed in Susa­
picric fluid [3, 3, 6]. Bonin's and Carnoy's fluids were also employed. 

For the identification of the neurosecretory cells, staining was carried out in Heiden­
ham's azan stain [7] and Ewen's paraldehyde fuchsin [8] . The method recommended 
by Delphin [ 6] involving the use of phloxine alcian blue was also applied. 

The periodic acid Schiff (PAS) was employed for the demonstration of carbohydrates 
[9] . Glycogen was examined in sections treated with Best carmine. The method of 
lison [10] was used to identify mucopolysaccharides; the acid components were shown 
by Hale's technique [ 11] . Polysaccharide sulphate esters were displayed following the 
procedure of Kiyoshi [12]. 

General proteins were demonstrated in material treated with the mercury-bromophenol 
blue technique as recommended by Mazia, Brewer and Alfert [see 13]. The method of 
Schneider [14] was used to demonstrate histone contents. Tyrosine was revealed by 
Bensley and Gersh's modification [IS] of Millon's reaction, and tryptophane was de­
tected in paraffm sections post oxidation in 5% chromic acid followed by staining in 
1% eosin and then in 1% light green. Cystine (SS-protein) was detected in performic 
acid Schiff treated sections [13], whereas cysteine (SH-protein) was examined after 
the prussian blue method [ 16] . 

Lipoprotein and lipofuscin materials were shown according to Ziehl Neelsen carbol 
fuchsin method [16]. 

For the detection of lipoidal inclusions the technique of Gatenby and Moussa [17] 
was employed. Lecithin was examined post-treatment with Ehrlich haematoxylin fol­
lowed by differentiation in borax-ferricyanide solution [16]. Schultz-Smith method was 
applied for cholesterol. 

The pyronin-methyl green technique of Kurnick [18] and Feulgen reaction were em-
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ployed for revealing nucleic acids. Ascorbic acid was detected with the methods of 
Bourne [19) and Barnett and Bourne [20]. 

Sites of acid and alkaline phosphatase activities were visualized in materials subjected 
to the reactions ofGomori [21, 22]. 

Results 

Neurosecretory Cells 
These cells first appear in the third larval ages of the insect. They arise from tht> undif­
ferentiated cells of the early larval stages due to certain changes including the following: 
increase in the cell size, widening of the cytoplasm, appearance of cytoplasmic granules, 
and prominent nuclei with bright nucleoli. 

The neurosecretory cells were observed in the different parts of the nervous system 
except the frontal ganglion. These cells are classified according to their sizes and staining 
abilities into three main types (A-, B- and C- types), as represented on Plate 1, Figs. 1, 
2, 3 and 4. With Heidenhain's azan stain the A-cells stain violet, the B-cells take a 
reddish colour and the C-cells become mauve. 

1. Type A: Represents the largest type in which the diameter of the cell varies from 
6.2 to 13p. In the median larval stages the cells have a mean cellular and nuclear diameter 
of 9.2p and 4.411 respectively. The nuclei are round, and each contains a few chromatin 
particles and a pair of distinct bright nucleoli of about l.3p in diameter. The average 
width of perikaryon is 4.8J.l (Table 1 ). The ground cytoplasm is loaded with fme granules 
which stain violet with Heidenhain's azan stain and blue with Delphin's stain (Fig. 1). 

Table 1 
Measurements of the Neurosecretory Cells in the Successive 

Developmental Stages o[Spodoptera littoralis 

Diameter ( JJ.) 
Cell-type Stage EL ML pp p Am Om Sm 

Cell 3.0 9.2 8.8 13.0 7.0 6.5 6.4 

A Nucleus 2.0 4.4 4.0 6.0 4.5 5.0 5.5 
Nucleolus 0.4 l.3 1.3 1.5 0.7 0.4 
Perikaryon 1.0 4.8 4.8 7.0 2.5 1.5 0.9 

Cell 3.0 6.5 6.0 5.0 6.5 5.0 5.0 

B Nucleus 2.0 3.4 3.0 2.7 4.0 3.8 4.4 
Nucleolus 0.4 1.0 1.0 0.5 1.2 0.4 
Perikaryon 1.0 3.1 3.0 2.3 2.5 1.2 0.6 

Cell 3.0 4.0 4.5 3.2 4.8 3.8 2.3 

c Nucleus 2.0 2.6 2.4 2.0 3.2 2.8 2.0 
Nucleolus 0.4 LO 0.8 0.4 0.7 0.4 
Perikaryon 1.0 1.4 2.1 1.2 1.6 1.0 0.3 

EL, early larvae; ML, median larvae; PP, prepupae; P, pupae; Am, adult moths; Om, old moths; 
Sm, senile moths. 
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In the prepupal stages, the A-type cells are somewhat reduced in size (Table 1), but 
are greatly enlarged during the pupal stages. The average diameters of the cell and nucleus 
are 1311 and 611 respectively. Each nucleus contains a pair _of-prominent nucleoli with a 
mean diameter of 1.5p. At these stages the cells show an active phase of neurosecretion 
(Fig. 3). 

In moth stages the cells become smaller in size and show a moderate activity of syn­
thesizing neurosecretory material, except in the forebrain where they occasionally show 
a strong activity. The average diameters of the cells, nuclei and nucleoli are 7 .0, 4.5 and 
0.7fl respectively. 

In ageing insects, the size of the cells is gradually decreased and the size of the nuclei 
may become slightly larger; this results in a markedly narrow perikaryon ranging be­
tween 1.0ft and 1.5p. The activity of the cells becomes remarkably weak. 

2. Type B: The cells are slightly smaller than those of type A. In the median larval 
stages the mean cellular, nuclear and nucleolar diameters are 6.5p, 3.4fl and 1.01-t re­
spectively; and the width of the perikaryon is about 3.1p. The cells contain numerous 
granules in the cytoplasm (Fig. 2). 

During the prepupal and pupal stages the cells become gradually reduced in size and 
the content of the neurosecretory material becomes less. The average diameters of the 
cells, nuclei and nucleoli in the pupal stages are 5.0 1-l. 2. 7 fl and 0.51-l respectively 
(Table 1). 

In moth stages the cells become larger in size and highly loaded with deeply stained 
cytoplasmic granules; this indicates that the cells are at an active phase of secretion. The 
average diameter of the cells is 6.5fl, and that of the nucleus is 4.0fl. Each nucleus has 
two prominent nucleoli of about 1.2 fl in diameter. 

As moths get older, the cells become reduced in size and the neurosecretory activity 
is inhibited. The perikarya of the cells are relatively narrower than those of other moth 
stages; this is mainly due to the increase in nuclear size and the decrease in the cellular 
size. In senile condition, the structural details of the nuclei are lost. 

3. Type C: The smallest type of neurosecretory cells. During the median larval stages, 
the average diameters of the cell, nucleus and nucleolus are 4.011, 2.611 and 1.011. The 
perikaryon is narrow (mean width of 1.411). The cells contain a moderate amount of 
cytoplasmic granules. Similar pictures were obtained in the prepupal stages as shown in 
Table 1 (Figs. 1 & 2). 

The neurosecretory activity of the C-cells is somewhat decreased during the pupal 
stage. The cells show a scant amount of weakly stained neurosecretory material. The 
cellular, nuclear and nucleolar diameters are approximately 3.211, 2.011 and 0.411 respec­
tively, and the mean width of the perikaryon is 1.211. 

In moth stages (including males and females) as well as the early old females, the cells 
display an active phase of neurosecretory synthesis. The cells have larger cellular and 
nuclear sizes as compared with those of the pupal stages. The mean diameters of 
the cells, nuclei and nucleoli are 4.811, 3.211 and 0.711 respectively. The average width 
of the perikaryon is 1.611. 

The ageing C-cells present a gradual regression in their neurosecretory activity. The 
cells undergo reduction in their cellular, nuclear and nucleolar sizes (Table 1 ). It is 
worthy of mention that the C-cells in ageing females retain their neumseeretorractmty 
till a late stage of senility. 
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Each type of neurosecretory cells in Spodoptera presents different pictures in different 
developmental stages as regards their sizes and ~hases of neurosecretory activity (Table 2). 
According t(} these·criteria, each period of the insecf's life is characterized by the activity 
of one or more types of neurosecretory cells in different parts of the central nervous sys­
tem (Table 3). In the early and median larval stages, the cells of both A- and B- types 
are present at an active phase of neurosecretion. Such cells are demonstrated in the brain, 
suboesophageal ganglion, thoracic ganglia and in the abdominal ganglia with the excep­
tion of the first, fifth and sixth stages (Fig. 4). 

However, the activity of the A- and B-cells in the above-mentioned larval stages may 
indicate that the secretions produced play a certain role in the growth and moulting of 

Table 2 
The Relative Activity of the Neurosecretory Cells in the 
Successive Developmental Stages of Spodoptera littoralis 

Stages 
ML 

EL (4th and 
Cell-type (3rd age) 5th ages) pp p Am 

A +++ +++ ++ +++ ++ 
B +++ +++ +++ + +++ 
c ++ ++ +++ ++ +++ 

+++=strong;++= moderate;+= weak. 
*Active in females only. 

Table 3 

Om 

+ 
++ 

+++* 

The Distribution of the Active Neurosecretory Cells in the Nervous Parts of the 
Successive Stages of Spodoptera littoralis 

Stages EL ML PP p Am Om 
(3rd age) (4th and 

C.N.S. 5th ages) 

Br. A A A AB 
SO.G A 
TIG. B c 
T2G. AB B BC A c 
T3 G. AB B 
A1G. c A B 
A2G. B B B 
A3 G A A c A C* 
~G. B BC C* 
As G. 
A6 G. 
A7 G. B 

*Acti,e in females only. 
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the larvae. On the other hand, the prepupal stage is generally characterized by a marked 
activity of secretion of both B- and C- types, particularly those present in the thoracic, 
and the first and third abdominal ganglia. 

It is concluded that these two types of neurosecretory cells might be engaged with 
the changes which take place in the insect body before p1.1pation. In the pupal stage, 
only the cells of the A- type show an active phase of neurosecretory synthesis; this may 
lead to the suggestion that A-cells play a certain role in pupal development. These cells 
are mostly present in the brain and second thoracic ganglion as well as the first and third 
abdominal ganglia. In moth stages (males and females) the three types of neurosecretory 
cells are usually active. These cells are mainly located in the brain; a few are found in 
the second thoracic, first abdominal, second abdominal and last abdominal ganglia. The 
synthesis activity in the adult stages may indicate that these secretions have a certain 
role in the reproductive activities of the insect. 

It is worth mentioning that the C-cells continue to show an active phase of neuro­
secretion in the females till a late stage of ageing - a phenomenon which does not exist 
in the males of corresponding ages. This may be correlated with the oviposition activity 
of the females which is known to continue until just before death. Such active cells are 
found in the third and fourth abdominal ganglia (Table 4 ). 

Inspection· of Tables 1 and 2 will show that there is a close correlation between the 
active phase of neurosecretion on the one hand, and the cellular and nucleolar diameters,. 
as well as the width of the perikaryon, on the other hand. The highly active neurosec­
retory synthesizing cells have larger cellular and nucleolar diameters and a wider peri­
karyon than the less actively secreting ones. 

Histochemistry of the Neurosecretory Material 
Concerning the nature of the neurosecretory material in the different developmental 
stages, the histochemical data obtained indicate that it includes carbohydrates and pro­
teins.· Of the carbohydrates, glycogen, acid mucopolysaccharides and polysaccharide 
sulphate esters were identified; and of the proteinic materials, histones, tyrosine, trypto­
phane and sulphur-containing amino acids (cystine and cysteine) were demonstrated. 
These substances were demonstrated in the neurosecretory cells, as also in the material 
found in the extracellular and extrafibrillar spaces. Other substances such as phosphatases 
and ascorbic acid were also demonstrated in the actively synthesizing neurosecretory 
cells - a finding which indicates that they may play a certain role in the final phases 
of synthesis, or in the discharge of the neurosecretory material. It was also noticed 
{Tables 5 and 6) that the neurosecretory material synthesized during the larval and 
adult stages .are mostly proteinic in nature, while those of the pupal stages are rich in 
carbohydrates. lipoidal substances were not detected in the neurosecretory material. 

Pathways and Transport of the Neurosecretory Material 
The neurosecretory materials leave the neurosecretory cells via their axons to the 
neuropile mass where they either accumulate in the extrac.ellular spaces or become 
collected in the connecting fibre groups from which the longitudinal connectives extend. 
From these regions the neurosecretory materials are carried to the different parts of 
the body where they either exert certain effects, or become transformed into other 
substances (neurohormones). 
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Table 4 
The Active Neurosecretory Cells During the Body Activities of the 

Successive Stages of Spodoptera littoralis 

Stages 

Larval 
Prepupal 
Pupal 
Adult Moths 
Ageing Females 

Body Activity 

Growth and Moulting 
Prepupation 
Pupation 
Maturation and Reproduction 
Oviposition 

Table 5 

Active Cell-Types 

A and B 
Band C 
A 
A, Band C 
c 

Relative Constitution of the Neurosecretory Material During 
the Successive Stages of Spodoptera littoralis 

Stages 

Substance Larval Pupal Adult Moths Ageing Females 

Carbohydrates ++ +++ ++ ++ 

Proteins +++ ++ +++ +++ 

(++)=small (+++)=rich 

Table 6 
Histochemical Analysis for the Neurosecretory Material 

Stages 

Inclusions EL ML pp p Am Om Sm 

Carbohydrates (PAS) + ++ +++ ++ ++ + 
Glycogen + ++ +++ ++ ++ + 

Mucopolysaccharides + ++ +++ ++ ++ + 
Acid mucopolysaccharides + ++ +++ ++ + 
Polysacch. sulph. est. + +++ +++ ++ ++ 
Proteins ++ +++ ++ ++ +++ ++ + 

Histones ++ +++ ++ ++ +++ ++ + 
Tyrosine + +++ ++ + + 
Trytophane ++ +++ ++ + +++ + + 
Cystine + +++ ++ ++ ++ 
Cysteine + +++ ++ + +++ + 
Ascorbic Acid ++ +++ +++ +++ +++ ++ + 
Acid phosphatase + ++ ++ ++ ++ + 
Alkaline phosphatase ++ +++ +++ +++ +++ ++ + 

(-absent),(+ traces),(++ moderate),(+++ rich) 
This is based on the presence of the neurosecretory materials and their stainability. 
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As regards the neurosecretory material produced in the brain regions, it may appear 
that there is a mutual exchange between it and that produced in the corpus allatum­
cardiacum complex. This exchange most probably takes place by way of the corpus 
allatum-cardiacum nerves. However, it is not clear whether the brain material exerts 
an effect on the cells of the corpus allatum-cardiacum complex or vice versa, since 
the neurosecretory cells in both organs are usually active at the same time. 

The neurosecretory material present in the extracellular spaces is presumably trans­
ported by ionic transportation between this material and the haemolymph by what 
is known as the 'glial lacunar system' [23]. The extrafibrillar spaces demonstrated in 
the longitudinal connectives of the present material also appear to serve in the trans­
portation of the neurosecretory material, since such material has occasionally been 
demonstrated within them. 

Discussion 

The phenomenon of neurosecretion in insects has attracted the attention of a large 
number of investigators. 

According to Hanstrom [24] and Wigglesworth [25,26], the neurosecretory cells are 
mainly located in the superficial region of the pars intercerebralis of the protocerebrum 
of Rhodnius. These findings were supported by other authors [27,28,8] in the brains 
of other insects. Neurosecretory cells were also demonstrated by Delphin [3] in the 
cortical cellular area of the ventral body ganglia of Schistocerca. Later, Banhawy and 
Anwar [29,4,30,31] reported the presence of neurosecretory cells in the protocerebrum, 
suboesophageal ganglion, thoracic and abdominal ganglia of Gryllotalpa. 

In the present study, the neurosecretory cells are located in the forebrain, suboesopha­
geal ganglion, thoracic and abdominal ganglia of the larval stages of Spodoptera littoralis 
(B). But in moth stages, these cells are found in the forebrain, hindbrain, thoracic and 
abdominal ganglia. 

As regards the neurosecretory cell types, Wigglesworth [32] described in the insect 
brain one category of large and often lobulated cells which stain deeply with acid fuchsin. 
Thomsen [33] also recognized in Calliphora only one type of neurosecretory cell, besides 
two other types of cells of unknown function. The latter two types were identified by 
Thomsen as giant neurones and vacuolated cells. These findings were confirmed by Bloch 
et al [34]. According to Scharrer [35], the neurosecretory cells in the suboesophageal 
ganglion of Leucophaea are of two main types (A and B); a view which has been accepted 
by Nayar [1], Gangarajah [36], Sainai [37] and Dogra [38]. But Clark [39] and 
Banhawy and Anwar [4] identified three types of neurosecretory cells (A, B, C) in 
locusts and Gryllotalpa respectively. Delphin [3] recognized in Schistocerca four m;tin 
classes of neurosecretory cells (A, B, C and D), and subdivided type A into A1 , A2 , -and 
A3 , and type B into types B1 and B2 • 

The results obtained from the present investigation are in agreement with those of 
Clark [39] and Banhawy and Anwar [4]. Each of the three types display different 
phases of secretory activity in the different developmental stages of the insect. In one 
phase, the c;ytoplasm either is empty or contains fine and pale granules. In the second 
phase, the granules are more conspicuous and are intensely stained. The third phase is 
that shown by the existence of numerous neurosecretory granules in the cytoplasm, 
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particularly at the axon pole of the cells. 
Highnarn [40] considered the empty neurosecretory cells as being active cells, whereas 

a 'full system' as inactive. This view cannot be accepted by the present authors, wno 
consider the loaded cells as representing an active phase of secretory activity. This finds 
support in the changes that take place in the Golgi dictyosomes since these are known 
to play a major role in neurosecretion [41]. Furthermore, Gangarajah [36] reported 
that the variations in granular sizes from fine granules to clumps suggest a secretory 
cycle in the insect neurones. 

The present study indicates that the active phases of neurosecretions are accompanied 
by cert~in variations in the sizes of the cells and their nucleoli, as well as the width of 
their perikarya. This finds support in the work of Ewen [8], Thomsen [33] and Sainai 
[37]. On the contrary, Delphin [3] denied the presence of any relation between the 
cellular activity and the nuclear and nucleolar sizes. 

It was also noticed in the present investigation that the active neurosecretory cells are 
remarkably richer in RNA-inclusions than the non-active ones. This does not agree with 
Rehm [42], who reported that the elaboration of secretory products is not associated 
with any increase in the RNA content. On the other hand, the present finding supports 
those ofPipa [28], Odhiambo [43] and Berry eta/.[44]. 

As far as the DNA is concerned, Howells and Birt [45] and Lennie et al. [46] noticed 
a decrease in the DNA in the nuclei of the neurosecretory cells in the early pupae, 
followed by a rise' before emergence. This does not agree with the present fmding, which 
indicates that the nuclear DNA is remarkably increased in the neurosecretory cells during 
the early pupal stage, whereas emergence is accompanied by an apparent drop in the 
nuclear DNA. It is also of interest to note that the neurosec.:etory cells in the latter case 
have certain DNA-containing elements in their cytoplasm. 1he presence of DNA in the 
cytoplasm of the neurosecretory cells was reported for the first time by the present 
authors [ 4] in Gryllotalpa gryllotalpa. 

According to the present results, each period of the insect life is characterized by the 
activity of one or more types of neurosecretory cells in the different parts of the central 
nervous system. On the contrary, Delphin [3] stated that only one type of neurosec­
retory cell (A- type) is obviously active in females during maturation and oviposition 
activity. 

As to the nature of the neurosecretory materials, Rehm [42] and Sloper [47] found 
that these materials contain a large proportion of proteinic substances which are con­
sidered by Sloper [47], Pipa [28], Wigglesworth [48], Adams [49] and Dogra [38] to 
be rich in cystine and/or cysteine. Schiebler [50, 51] reported that the proteins exist in 
the form of glycolipoprotein complex. However, Banhawy and Anwar [ 4] demonstrated 
in the neurosecretory cells of Gryllotalpa a proteinic substance rich in histones, cystine 
and cysteine, but the lipoidal material is lacking. Also, no lipids were detected in the 
present material. The absence of lipids in the neurosecretory material was similarly re­
ported by Sloper [52] and Howe and Pearse [53]. 

As regards the mechanism of the neurosecretory synthesis, it is clear that the Golgi 
dictyosomes play a major role in this respect. This is based on the correlation between 
the mode of occurrence of the Golgi elements and the presence of secretory granules in 
the different cells. [See also 41 and 29.] 

Concerning the transport of the neurosecretory materials, several authors believe that 
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these materials are transported from the protocerebrum along the axons where they are 
stored in the co.rpus cardiacum or in corpus allatum [54, 55, 56, 35, 57, 58, 59, 60]. 
Other authors consider that the neurosecretory material of the protocerebrum is dis­
charged into the aortic lumen to the corpus allatum, where it diffuses into the haemo­
lymph via the membrane of the corpus allatum. This view was not accepted by Herlant­
Meewis and Paquet [61], Naisse [62] and Wigglesworth [63]. On the other hand, Ewen 
[64], Johansen [65] and Banhawy and Anwar [29] are of the opinion that the aorta is 
the principal means of transportation of the neurosecretory material between the brain 
and corpus allatum and corpus cardiacum in both directions. 

The present results indicate that the neurosecretory material is transported from/to 
the brain and corpus allatum-cardiacum complex via the corpus allatum-cardiacum nerves. 
The neurosecretory material present in the extracellular spaces is probably transported 
into the haemolymph by what is known as glial lacunar system as has been previously 
described by Wigglesworth [23] and Treherne [66]. The extrafibrillar spaces demon­
strated in the longitudinal connectives and peripheral nerves of the present material 
appear to serve in the transportation of neurosecretory substances to the different body 
regions. 

Summary 

1. Three types of neurosecretory cells (A·, B-, and C- types) exist in the cotton leaf worm, 
Spodoptera littoralis, in the different parts of the nervous system with the exception of 
the frontal ganglion. 
2. The neurosecretory cells represent different phases of activity in the various parts of 
the nervous system of the different developmental stages of the insect. 
3. The neurosecretory cells and the neurosecretory material contain: 

(a) polysaccharides including glycogen, acid mucopolysaccharides and polysaccharide 
sulphate esters; 
(b) proteins, in the form of histones, tyrosine, tryptophane, SS- and SH-containing 
groups; 
(c) phosphatases, and 
(d) ascorbic acid. 

Upids are lacking. 
4. The neurosecretory material leaves the neurosecretory cells via their axons to the 
neuropile mass where it either accumulates in the extracellular spaces or becomes col­
lected in the connecting fibre groups from which the longitudinal connectives extend. 
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