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The effect of cephalic transection on the micromorphological
changes in the ventral nerve cord-neurosecretory system of
earthworm, Metaphire peguana (Rosa, 1890) during anterior
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Abstract. Transection of anterior 5 segments in Metaphire peguana engenders
characteristic changes in the functional activity of the ventral nerve cord-neurosecretory system in the event of cephalic regeneration. Of the two types of neurosecretory cells, the moderately stained cells remain more susceptible when the cell
structure, location of nucleus, amount of secretory inclusions and their transportation
to the zone of accumulation are considered. Overall engorgement of neurosecretory
substances refrained from axonal transport, moderate axonal flow coupled with
slight depletion and finally acute depletion at 24, 48 and 72 hr after amputation
respectively are some of the notable features registered in course of this investigation. Disarray in the sequential changes involved in the secretory dynamics of
neurosecretory cells, as well as extent of NSM accumulation both within and outer
periphery of the ganglia. provide evidence for the utilisation of material through
repaired vascular systems during regenerative proliferations of anterior segments.
Keywords. Metaphire peguana; neurosecretory cells; NSM; regeneration; secretory
dynamics.

1. Introduction
The importance of the central nervous system in the phenomenon of oligochaete
regeneration has been elucidated by several classical investigators (Morgan 1902;
Avel 1929 ; Sayles 1940). Harms (1948) experimentally established the indispensability of the brain for regenerative growth of the anterior segments in
Lumbricus terrestris. Later Herlant-Meewis (1964) refuted the solitary role of
the cerebral ganglia and advocated the involvement of the ganglionic complements of the ventral nerve cord in both anterior and posterior regeneration in
Eisenia foetida. These observations have been substantiated by Farber (1965)
who reiterated that neurosecretion of the ventral nerve cord has a profound role
in the segmental regeneration of L. terrestris. In her detailed analysis, HerlantMeewis (1972) opined that C, cells of each segmental ganglion exhibit spectacular
cytological response to the loss of anterior segments. Synchronous release and
synthesis of neurosecretory material (NSM) in the ganglia immediately proximal
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to the level of amputation of either anterior or posterior segments in E. foetida
have been recorded by Marcel (1973) who also concluded that neurosecretory
system promotes some aspects of regeneration.
The present investigation deals with the extent of histomorphic changes in the
neurosecretory system of the ventral ganglionic complements following anterior
amputation. An attempt has also been made to assess sequential reactive response in the ganglia concerned.

2.

Materials and methods

Full grown clitellate earthworms, Metaphire peguana (average length 120 mm)
were collected from the neighbourhood of Calcutta and acclimated for one week
in the laboratory at room temperature 29° C and RH 78 %. Amputation of the
first five anterior segments by a sterilized paragon knife was made in the group
comprising fifteen worms which were kept in a petridish containing 1· 5 inch
thick bed of moisturized soil. Ganglionic complements from anterior, middle
and posterior region> (each region containing 40 segments) of the remaining nerve
cord were fixed in Bouin's fluid after 24, 48 and 72 hr of amputation. Identical
sets of ganglionic complements were dissected out from unoperated earthworms
which, however, served as controls. Sections (7 /-Lm thick) were stained with both
Gomori's chromealum-haematoxylin phloxin (Bargmann 1949) and simplified
aldehyde fuchsin (Cameron and Steele 1959) staining techniques following acid
permanganate oxidation.

3.

Observations

3· 1.

Control

A majority of the neurosecretory cells of the ventral nerve cord are in various
phases of secretion (figure la) which can be determined on the basis of the staining
intensities in descending order to locate the concentration of secretory material.
Relatively small deep stained cells do not exhibit detectable cytoplasmic inclusions
and usually possess more or less homogeneously stained cytoplasm (figure lb).
Large moderately stained cells, however, possess variable amount of secretory
inclusions apart from clarity in their cytoarchitecture (Nanda and Chaudhuri 1981),
Some of the moderately stained cells exhibit axonal transport of secretory material
and their subsequent discharge. Evidence for rich NSM accumulation both at
the margin of the neuropile, as well as, the outer periphery of the ganglia as such
are not seldom.
3·2.

Experimental

Appearance of regeneration blastema is first noticed within 24-48 hr after cephalic
transection (Nanda and Chaudhuri 1982). Completion in the formation of a
full fledged anterior segment, however, is accomplished around 72 hr after amputation. Such operation renders multiple cytomorphic alterations that arc
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Figure 1. (a) Control section of the ventral nerve cord of Metaphire peguana
showing car-posirive neurosecretory cells with various phases of secretory activity
(x 1500). (b) Control section showing AF-positive cytoplasm of deep and moderately stained cells. Note homogeneously stained cytoplasm of deep stained cell
( x 1500).
Figure 2. Experimental: Section showing typical" shrunken condition" of CHPpositive moderately stained cells in the ventral nerve cord following anterior transection (x 1SOD).
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Figure 3. Experimental: (24 hr after anterior transection.) (a) Section showing
trend in the massive accumulation of AF-positive material in the neurosecretory
perikarya (x 1500). (b) Section showing some moderately stained cells with secretion
in the form of aggregates and axon oriented nuclei. Note discrete accumulation
of cue-positive material at the margin of neuropile ( x ISO!!).
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Figure 4. Exper irnental : (48 hr afte-r anterior transection). (a) Section showing
c n e-positive moderately stained cells with cytoplasmic vacuoles in the perikarya
( X 1500). (b) Section showing AF-positivc cells disch..rging their secretory materi al
through ' axon bundle'. Note axon oriented nu cle i ( x 1500). (c) Section showing
accumulat ion of AF-positive secretory colloids at the peripheral margin of the ganglion
( x 1500).
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Figure S. Experimental: (72 hr after anterior transcction.) (a) Section showing
sudden drop in staining intensity of AF-positive secretory neurones, Note contrasting
staining feature of the neuropile due to accumulation of secretory material ( X 1500).
(b) Section showing cHP-positive neurosecretory cells with cytoplasmic vacuoles
Note ramification of intraganglionic blood vessels endowed with secretory inclusions.
(x 1500),
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more apparent in case of moderately stained cells. These cells in contrast with the
deep stained cells also reveal conspicuous "shrunken conditions" of the cell
body (?) which is pronounced up to 48 hr of experimentation (figure 2).
3· 3.

24 hr after amputation

Most of the neurosecretory cells irrespective of their types especially of the anterior
region of the ventral nervecord show intense accumulation of secretory inclusions
in their perikarya (figure 3a). These inclusions may exist in the form of close
aggregates so as to render the cytoplasm coarse in appearance. This condition
is rather predominant in moderately stained cells which have aggregates mostly
concentrated at the anterior half of the perikarya. Nuclei, however, are often
observed more towards the axon hillock region. The margin of the neuropile
remains sprinkled with secretory inclusions (figure 3b).
3·4.

48 hr after amputation

Despite deep stainability in the majority of the neurosecretory cells in the ventral
nerve cord a few cells are in a state of depletion and vacuoles in the perikarya
are not scarce (figures 2 and 4a). Majority of the cells bear axon oriented nuclei
with brilliant phloxinophilic nucleoli and exhibit axonal transport (figure 4b).
In contrast, the neuropile falls short of NSM while enhanced accumulation of AF~
positive material is obvious at the outer periphery of the ganglia (figure 4c).
3·5.

72 hr after amputation

The general trend for the deep stainability of cells demonstrating discrete secretory
inclusions as found above suddenly declines (figure 5a). A few deeply stained cells
still exist but they do not demonstrate coarse cytoplasm. On the other hand,
they remain homogeneously stained and are comparable to those of the control.
Moderately stained cells are very clear and they exhibit intense vacuolation in their
Occasional
perikarya which often are devoid ·of any cytoplasmic inclusions.
axonal transport throughout ganglionic complements of the ventral nerve cord
may be noticed. Incidentally, the margin of the neuropile, as well ~ the intraganglionic blood vessels show secretory inclusions but the peripheral region of
the ganglia demonstrate very little NSM (figure 5b).

4. Discussion
Cephalic transection on the rest of the ganglia of the ventral nerve cord in
M. peguana has elicited altered secretory activity in the neurosecretory cells
especially when the position of the nuclei, the concentration of cytoplasmic
inclusions and the rate of axonal migration of NSM are considered. Such oscillation in the functional activity may have correlation with their spectacular' hyperactivity' (Herlant-Meewis 1964). Changes in the neurosecretory cells are most
conspicuous 24 hr after amputation, close to the level of transection than at
other regions. But thereafter almost uniform changes are noticed throughout
the nervecord at 48 and 72 hr after amputation. The reason is not clear and
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may have bearing in relation to the intensity of stress in course of segmental proliferation. Causes for the shrunken conditions of some neurosecretory cells in
general and moderately stained cells in particular are not understood but involvement of " generalised stress action" as reiterated by Farber (1965) could be the
reasons. Further, the disarray in sequential changes in the neurosecretory perikarya following transection of ventral nervecord of M. peguana incur disruption
in neurohormonal balance so as to trigger temporary accumulation of secretory
substances in all the neurosecretory cells (Herlant-Meewis 1964). In fact, temporary cessation of neurosecretory transport has some bearing in the event of restitution and subsequent blastema formation. Participation of the NSC s to discharge
their elaboration either partially or indiscriminately into the just repaired circulatory system at' late post-amputation periods, i.e, at 48 and 72 hr provides clue
for their indispensability in the management of restoration of lost part or "replacement of element" during regeneration (Herlant-Meewis 1962; Dey and Nanda
1979). Indeed, increment in the number of moderately stained cells with spectacular intracellular changes at 72 hr post anterior transection period in contrast
to accelerated rate of axonal transport and initiation in the transformation of the
moderately stained cells at 48 hr post-amputation period seem to indicate functional change over in the secretory dynamics of the deep and moderately stained
cells. Relatively rich accumulation of NSM around the periphery of the neuropile,
at the initial stage of experimentation and subsequent exhaustion of the same
at 48 hr followed by massive accumulation at 72 hr of post-amputation tend to
indicate fluctuation in the secretory rhythm pertaining to increased axonal flow.
In consequence, rapid disposal of NSM in the intraganglionic capillaries to mitigate restorative response and thereafter resumption to near-normal condition
ensure.' Adverse physiological stress condition in the form of injury possibly
release cellular products that act as an adjunct to stimulate the neurosecretory
neurones of the ventral nerve cord for the production of" regeneration
promoting hormones" leading to segment proliferation (Hoar 1975). Besides
these, non-existence of discrete non-neural endocrine gland, as well as distinct
neurohaemal organ in oligochaetes in general and M. peguana in particular,
it is reasonable to assume that nervous system as a whole plays a "versatile" role
to meet altered physiological eventualities.
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