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An analytical study of the neurosecretory cells of the brain in Philosamia ricini (Hutt.) (Lepidoptera: Saturnii- 
dae) during post-embryonic development 

V.B. Awasthi and U.V. Singh I 

Department of  Zoology, University of  Jodhpur, Jodhpur-342001 (India), 21 A ugust 1980 

Summary. A multiplicity of types of neurosecretory cell (NSC), and uniformity in the numbers occurring in medial, lateral, 
posterior and tritocerebral groups, have been observed in P. ricini. 3 types of cells A, B and C, with their subtypes (A-l, 
A-2, A-3; B-l, B-2; C-1 and C-2) have been reported. Only B-cells increase in numbers during post-embryonic develop- 
ment. Others (A and C) remain constant throughout development. Abnormal staining behaviour of A-cells has also been 
reported. 

Although much work has been done on the number and 
distribution of neurosecretory cell-types in lepidopteran 
insects 2-12, very few attempts have been made to study them 
in detail during post embryonic development (i.e. from 1st 
instar to 5th instar larva, pupa and adult). Mitsuhashi 5 has 
reported considerable variations in the types and numbers 
of cells in Lepidoptera; Panov and Kind 6, Herman and 
Gilbert 4 and Hinks 8 have reported a multiplicity of cell 
types but a remarkable uniformity in the number of cells. 
Singh and Arif 11 reported variations in the number of cells 
in Philosamia ricini. The present observations on the num- 
bers, types and groups of ceils in Philosamia ricini differ 
considerably from those of Singh and Arif II. 
The central aim of the present study is to examine and 
confirm the occurrence of various types, numbers and 
groups of NSCs in the brain of Philosamia ricini during 
post-embryonic development. 

part of the protocerebrum in the later stages of larval life, 
but the position of other groups of ceils remains the same. 
2nd instar. The A-cells can be clearly divided into their 
subtypes in the 2nd instar larvae. In the medial group there 
are only 2 subtypes of A-cells (A-1 and A-2). Besides these, 
B-1 and C-1 cells are also observed. The lateral groups 
contain A-2 and B-2, and the posterior A-3 and B-2 ceils. In 
the tritocerebral group only B-2 ceils are present (table 1). 
3rd instar. All the 4 groups of cells viz., medial, lateral, 
posterior and tritocerebral, have been observed to contain a 
moderate amount of neurosecretory material (NSM). The 
distribution of cells in these groups is similar to that seen in 
the second instar. The A-3 cells of the medial groups, 
described by Singh and Arif H, are absent. Each medial 
group is composed of 4A-1 and 4A-2 cells and not 5A-1 
cells as described by Singh and Arif 11. The number of 
various sub-types of A-cells remains the same as in the 2nd 

Materials and methods. The eri-silkworms, Philosamia ricini instar but the number of B-cells increases (table 1). The C- 1 
were reared and maintained in the laboratory on the leaves 
of castor oil plants (Ricinus communis) as described ear- 
lier 13. The brains of larvae of each instar, pupae and adults 
of the appropriate ages were dissected out in saline-water 
and fixed in Bouin's fluid, then processed using the paral- 
dehyde fuchsin 14 technique on whole brains as well as on 
sections of 8-10 ~tm in thickness. 
Results. Based on the staining properties as described 
earlier 12, 3 main types of cells viz., A, B and C have been 
observed in P. ricini. The A-cells have been further classi- 
fied into A-l,  A-2, A-3; B-cells into B-I, B-2, and C-cells 
into C-1 and C-2 subtypes. 
Larva. 1st instar. The neurosecretory ceils (NSCs) are 
dearly visible in the anterodorsal part of the protocere- 
brum in 1-day-old larvae (figure 1). In addition to medial 
groups, the NSCs in the lateral and posterior groups have 
also been observed. Only the A-cells are observed in the 1st 
instar larvae (table 1). The B- and C-cells are either inactive 
or absent. The medial cells move towards the mid-dorsal 

cells have also been found but the C-2 are either inactive or 
absent. 
4th instar. No alteration in the numbers and types of A-cells 
was observed in the 4th instar larvae (table 1) except an 
increment of the B-types of cells. In medial groups there 
are 2 subtypes of B-cells i.e. B-1 and B-2. The positions of 
cell groups remain the same as in the 3rd instar. 
Just after moulting, the lateral A-2 cells show enhanced 
activity. The pathways are also dearly marked out due to 
presence of NSM under transport in them. In certain 
larvae, there are 2 lateral groups in each brain lobe, of 
which one group is composed of 4 A-2 cells close to the 
medial group and the other group is formed by the remain- 
ing 2 A-2 cells. 
5th instar. In the medial groups only 2 subtypes of A-cells 
viz. A-I and A-2 (figure 2) are present, and not three as 
described by Singh and Arif 11. The B-l, B-2 and C-I, C-2 
cells in the medial (figure 10) and B-2 cells in the lateral 
(figure 6) groups are quite distinct. The number of different 

Table 1. Showing the average number of medial, lateral, posterior, and tritocerebral neurosecretory cells occurring in each cerebral lobe in 
P. ricini during post embryonic development 

Groups of Larval instar Pupa Adult 
cells I II III IV V Prepupa Mid-pupa Late-pupa Male Female 

Medial 
A-1 
A-2 
B-1 
B-2 
C-1 
C-2 
Lateral 
A-2 
B-2 
Posterior 
A-3 
B-2 
Tritocerebral 
B-2 

4 4 4 4 4 4 4 4 4 4 
4 4 4 4 4 4 4 4 4 4 

5-7 6-8 8-11 10-14 11-13 11-13 11-15 13-17 13-18 
. . . . . .  Indistinct . . . . .  6-10 10-15 11-15 14-18 14-20 

2 2 2 2 2 2 2 2 2 
2 2 2 2 2 2 2 

4-5 6 6 6 6 6 6 6 7-8 7-8 
3-5 4-5 5-7 6-9 6-9 6-8 6-9 7-10 7-9 

2 2 2 2 2 2 2 2 2 2 
3-5 5-6 5-6 6-8 6-8 8-11 11-13 13-18 13-19 

- 2-3 3-4 4-6 6-7 6-7 8-9 8-10 10-12 10-12 



Experientia 37 (1981), Birkh~iuser Verlag, Basel (Schweiz) 373 

subtypes  o f  A, B- and  C-cells in the medial ,  lateral,  
poster ior  and  t r i tocerebral  groups are given in table  1. It 
was found  that  the lateral  A-2 cells r e m a i n  active in the 
early stages which  is ind ica ted  by the presence  o f  a moder -  
ate a m o u n t  o f  N S M  in the cell bodies  and  t r anspor ta t ion  of  
N S M  via axons. Meanwhi le ,  the A-1 cells are in the 
in i t ia t ion o f  the active phase.  The  activity in  A-1 cells 
increases fu r ther  at the midd le  of  the larval  pe r iod  
(figure 8) and  that  can  also be seen in the axons showing 
t ranspor t  of  NSM.  Before pupat ion ,  cells b e c o m e  inact ive 
and  are packed with undischarged  NSM. 
A n  interest ing observa t ion  that  has  been  m a d e  in the 
present  work, is the domons t r a t i on  of  d i f ferent  s ta in ing 
proper t ies  in  A-types o f  cells as repor ted  in NezaralS; where  
a port ion,  or the upper  ha l f  por t ion  of  the cell(s) s ta ined 
dark  purp le  like the A-cells while the r e m a i n i n g  lower half,  

s ta ined orange-green  or  green,  l ike the B-cells (arrows, 
figure 9). This  shows tha t  some b iochemica l  change  has  
occurred in the A-cells at  a very specific stage. Such 
.properties have been  observed  at the last stages of  the 5th 
lnstar.  
Pupa. The life span  of  the pupae  was b road ly  divided into 3 
stages i.e. prepupa ,  m i d - p u p a  and  la te-pupa,  and  dur ing  
these stages the fol lowing observat ions  were made :  
Prepupa. At this stage, i.e. f rom sp inning  to pupat ion ,  there  
is no  change in the n u m b e r  of  NSCs ( table 1). The  A, B and  
C-cells are present  in thei r  respect ive groups as found  in 
larval  stages ( table 1). Most  of  the A-1 cells are p rov ided  
with a small  a m o u n t  of  NSM,  while  the A-2 cells are 
heavi ly loaded  (figure 3). The  lateral  A-2 cells in the 
beg inn ing  are l ightly s ta ined indica t ing  poor  activity. At  
la ter  stages, A-2 cells con ta in  a modera t e  a m o u n t  of  N S M  

Fig. 1. Whole mount of brain of a 1st instar larva showing 4 + 4 A- 1 cells in each medial group. • 250. Fig. 2. Dissected pars intercerebralis 
of the protocerebrum of a 5th instar (5-day-old) larva showing A-1 and A-2 cells. Out of 4 A-2, only 2 are visible in each lobe, the other 
two are seated deeply and thus are out of focus. • 366. Fig.3. Dissected pars intercerebralis of the protocerebrum of a pre-pupa showing 
A-1 and A-2 cells. The A-1 cells contain a small amount of NSM, the A-2 ceils are packed with NSM. • 300. Fig.4. Dissected pars 
intercerebralis of the protocerebrum of a male moth showing active A-I cells, the A-2 being inactive and are not clearly seen. • 300. Fig.5. 
F.S. of brain of a 5th instar larva showing medial A-l, B-1 and posterior A-3 cells with a small amount of NSM. • 245. Fig.6. F.S. 
of brain of a 5th instar larva showing medial and lateral B-2 cells, x 500. Fig. 7. T.S. of brain of a late-pupa, showing vacuolated 
A-1 ceils. The C-1 as well as C-2 cells are also seen. • 266. Fig. 8. Whole mount of brain of a 5th instar larva showing medial and lateral 
nenrosecretory cells (MNC, LNC). The medial cells contain a moderate amount of NSM, the lateral cells also indicate activity. • 285. 
Fig.9. T.S. of brain of a mature larva showing A-1 cells whose upper part is purple and lower is orange-green (arrows) x 366. Fig. 10~ T.S. 
of brain of the mature larva showing medial B-I, B-2 and C-l, C-2 cells. • 266. 
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in cell bodies as well as in axons, showing enhanced 
activity. 
Mid-pupa. In 9- to 11-day-old pupae, due to changes in the 
size and shape of the brain (from larva to pupa), re- 
orientation of all groups takes place. The tritocerebral 
group comes toward the posterior side and lies horizontally 
and the cells of the posterior group are scattered in the 
posterior part of the brain. The lateral cells are scattered on 
the antero-lateral part of the protocerebrum. In certain 
individuals, in each brain lobe 2 lateral groups of cells are 
observed as in the 4th instar larvae. The number of A-1 and 
A-2 cells in the medial and A-3 cells in the posterior groups 
remains the same. The B- and C-cells of all the groups 
stained more deeply, and contained a large amount of their 
specific secretions. 
Late-pupa. At this stage i.e. 2-3 days before imaginal 
ecdysis, all the 3 types of NSCs are present (table 1). No 
decrease in the number of cells is observed as described by 
Singh and Arif n. The number and size of medial B-cells 
increases further (tables 1 and 2). Posterior cells are also 
observed clearly which have been reported to be absent by 
Singh and Arif 11. The A-1 cells contain a large number of 
vacuoles towards the periphery, with a fair amount of NSM 
(figure 7), indicating secretory activity. Such vacuoles are 
not observed in C-1 and C-2 cells. 
Adult. Male. The A-cells in the newly moulted individuals 
are stained faintly with fine granules showing initiation of 
the activity. The number of A-1 and A-2 cells in each 
medial group remains constant as in the larvae and pupae 
(table 1). The A-2 cells of lateral group are either arranged 
in a linear fashion or in clusters. The B-2 cells are hapha- 
zardly arranged among the A-2 ceils. The posterior A-3 and 
B-2 cells are also present. Singh and Arif II reported that the 
tritocerebral cells (called posterior cells in the present work 
and by all other workers) are absent. The C-1 and C-2 cells 
are present in the medial group as in the larvae and pupae 
(table 1). Before or at the time of mating the A-1 cells 
become active, as indicated by a moderate amount of 
NSM, with vacuolated cytoplasm and transportation of 
NSM via axons. Before the death of the moths, the NSCs 
are heavily loaded with NSM, which indicates inactivity. 
Female. The number and types of cells in the females are 
almost the same as found in the males (table 1). Singh and 
Arif II remarked that the number of medial A-1 cells vary in 
the 2 sexes i.e. 6 A-1 in female and 4 A-1 in male in each 
brain lobe. No such variation in the number of cells has 
been observed in the present work (table 1). The C-1 and 
C-2 cells are present in the medial group only. Cells of the 
newly-emerged females contain finely granulated cyto- 
plasm, stained faintly and thus showing initiation of activi- 
ty. At the time of egg laying and mating the cells are 
provided with a fair amount of NSM. At the same time the 
NSM is also observed in axons. Before death the cells 
become inactive as in the males. 
Discussion. Numerous workers 4'6'8'12 have reported a multi- 
plicity of cell-types and uniformity in their numbers but a 

511 few, have found a considerable variation in types as well 
as in numbers of cells in lepidopterans studied by them. In 
the present work, diversity of cell types and constancy in 
their numbers have been clearly observed at all the devel- 
opmental stages. Three principal types of cells viz., A, B 
and C have been observed in Philosamia, instead of four as 
described by Singh and Arif II. The B-cells of Singh and 
Arif l~ seem to be ordinary neurons. The tritocerebral(?) 
group of Singh and Arif u is in fact the posterior group of 
other workers. Mitsuhashi s has also given a very ambiguous 
account of the cell types. 
A remarkable uniformity in the numbers of A-cells (and 
their subtypes) has been reported by Herman and Gilbert 4, 

6 12 10 Panov and K ind ,  Awasthi and Singh , Raina and Bell 

and also Hinks 8 in 23 species of Lepidoptera; Mitsuhashi 5 
has given a very indistinct account of NSCs. Singh and 
Arif 11 observed variations in the numbers of ceils in Philo- 
samia ricini and reported that there were 5 A-1 cells in each 
medial group from 2nd instar larva to pupa, 6 A-1 ceils in 
the female and 4 A-1 cells in the male; the number of A-2 
was constant in larva, pupa and adult. However, we have 
observed in P. ricini a uniformity in the number of A-cells 
(subtypes) during the entire development (table 1) i.e. from 
1st instar to 5th instar larva, pupa and adult of both sexes 
and thus disagree with the observations made by Singh and 
Arifl i on P. ricini. 
Mitsuhashi 5, McLeod and Beck 3, Herman and Gilbert 4, Sen 
and Gangrade 16, Raina and Bell l~ and Singh and Arif 11 
have observed 3 paired groups; Hinks 8 found only 2 groups 
in 23 species of adult lepidopterans; Awasthi and Singh 12 
reported 6 paired groups in Amsacta. In P. ricini we have 
observed 4 paired groups viz., medial, lateral, posterior and 
tritocerebral. The posterior group has been observed in all 
the Lepidopterans examined so far 2-5'9-13'|6 and is one of 
the characteristic features of this order. 
Further, the unequal or double but distinct staining pat- 
terns of cells as observed in the present work, and also 
reported earlier 1~, indicates that there must be some bio- 
chemical changes occurring within the cells, because part of 
them (e.g. upper half) behave like A-cells and the remain- 
der (i.e. lower half) like B-cells (as far as staining is 
concerned). What is actually going on inside the cell body 
at the molecular level, and the biochemical processes 
involved, is unknown. Due to the paucity of information on 
this type of behaviour of the cells, a correct interpretation 
will be possible only after ultrastructural and biochemical 
studies. 
The number of A- and C-cells in the medial group remains 
constant throughout development; an increase in the num- 
ber of B (B-1 and B-2) cells was observed as also reported 
by Singh and Arif H. However, the present observations do 
not support the view that there is a gradual decrease of cells 
from the beginning of spinning until emergence 11. A brief 
mention may be made here of the secretory activity. The 
present work has revealed that all cell-types show a distinct 
cyclic activity within an instar as well as in each stage 
(larva, pupa, adult) of the post embryonic development, the 
longer and shorter diameters of cell bodies and nuclei are 
given in table 2. 

1 Acknowledgments. We are grateful to Prof. S.D. Misra for the 
facilities and to the UGC, New Delhi, for sanctioning a grant 
No.F.23-781/78 (SR II) dated 27.4.78 to Dr V.B. Awasthi, 
which is gratefully acknowledged. 

2 V.J.A. Novak, Insect Hormones. Methuen & Co., London 
1966. 

3 D.G.R. McLeod and S.D. Beck, Ann. ent. Soc. Am. 56, 723 
(1963). 

4 W.S. Herman and L.L Gilbert, Nature 205, 926 (1965). 
5 J. Mitsuhashi, Bull. natl Inst. agric. Sci., Tokyo 16, 67 (1963). 
6 A.A. Panov and T.V. Kind, Dokl. Akad. Nauk. SSSR 153, 

1186 (1963). 
7 O.K. Bassurmonova and A.A. Panov, Gen. comp. Endocr. 9, 

245 (1967). 
8 C.F. Hinks, J. Ent. 46A, 13 (1971). 
9 O.P. Singh, Ph. D. Thesis, University of Jabalpur, India 1977. 

10 A.K. Raina and R.A. Bell, Ann. ent. Soc. Am. 71, 375 (1978). 
11 Y.N. Singh and M. Arif, Zool. Jb. Anat. 100, 217 (1978). 
12 V.B. Awasthi and U.V. Singh, J. Hirnforsch., in press (1981). 
13 U.V. Singh and V.B. Awasthi, Zeit. mikrosk.-anat. Forsch. 94, 

850 (1980). 
14 M.L. Cameron and J. E. Steele, Stain Technol. 34, 265 (1959). 
15 V.B. Awasthi, J. Morph. 136, 337 (1972). 
16 S.K. Sen and G.A. Gangrade, Experientia 33, 1247 (1977). 


