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Abstract. Microanatomical studies on the 7th abdominal ganglion of the scorpion
were carried out by histological methods. The ganglion revealed a total of approximately 2000 nuclei, most of them belonging to medium-sized cells. The connective and peripheral nerves revealed fibres of varying number in each, with fibres of
3 /lm contributing largely to the total content. The fibres included the axons of
motor, sensory and interneurons,
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1. Introduction

Microanatomical knowledge of arthropod abdominal ganglia has been based on
highly selective methylene blue stains (Retzius 1890; Bethe 1897) and silverstained serial sections (Kendig 1967). These procedures provided information
concerning the course of fibre groups or the location of cell bodies. The available literature on the anatomy of the arachnid central nervous system comes
mainly from the studies of Babu (1965). The present investigation attempts to
resolve the microanatomy of the 7th abdominal ganglion and its peripheral roots
in the scorpion H. fulvipes at the light microscopic level.

2.

Materials and methods

Freshly collected adult scorpions were anaesthetized with chloroform and carefully dissected under binocular microscope to expose the 7th abdominal ganglion
with all its branches intact. The connective tissue around the ganglion and its
branches was cleared without any damage to the nervous tissue and the entire
preparation was submerged in Bonin's fluid in a Petridish (Babu 1965) for 24 hr.
After 24 hr the connective, 4th and 5th segmental and telsonic nerves were cut
close to the ganglion and used for sectioning.
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The method employed for sectioning was Peterfi's celloidin double embedding
method, through which satisfactory results were obtained. After dehydration in
methanol series, the material to be sectioned was led through two or three changes
of paraffin maintained at 60-62°C. Use of mixtures of paraffin with different
melting points and addition of fresh wax each time before making the block
minimized the impediments during sectioning. Cross-sections (10 ttm) were
taken from the ganglion, connective, 4th and 5th segmental and telsonic nerves.
Serial sections of the ganglion were stained by making use of Palmgren's (1948)
silver-staining method. The silver method of Holmes (1952) was used fOF staining
the nerve trunks.
After clearing and mounting the sections, the counting of cell number and the
measurement of the cell diameter were done as suggested by Abercrombie (1946).
The diameter of the nerve fibres was measured under high magnification. The
cells and nerve fibres were categorized into different groups based on their diameter,
and tabulated according to their size and number.
Preliminary studies to trace the anatomical organization of the 7th ganglion
and its nerves were also made using the cobalt chloride back-filling technique
(Babu and Subhashini 1981).
3. Results

3.1.

Microanatomy of the 7th abdominal ganglion

The 7th abdominal ganglion, being double in its nature, consisted of relatively
larger number of cells compared to other abdominal ganglia of the cord. In
its cross-section (figure lA) the 7th abdominal ganglion showed the cellular peripheral rind region where the somas of the neurons were located, and a central
fibrous neuropile where synapses would occur. The size of the ganglion in its
cross-section measured approximately 980-1000 ttm wide and 650 ttm thick. The
cellular rind constituted 1]3 of the total area of the ganglion and the remaining
2/3 was occupied by the neuropile. The ganglion was enclosed in a. thick enveloping
sheath of 12 fim which was found to be heterogeneous, containing 4-6 layers Of
tissue which were closely packed. There was no cellular perineurium beneath
this neural lamella. Cross-section of the 7th abdominal ganglion revealed the
presence of numerous cells, with their nuclei staining dark in colour. They
(the nuclei) ranged from 3-20 ttm in diameter and they were found to be distributed ventro-laterally and no cells were found on the dorsal side of the ganglion.
The nuclear counts were made by applying Abercrombie's formula. The nuclei
were distinguished as belonging to three sizes, viz., large, medium and small. The
7th abdominal ganglion comprised of a total of approximately 2033 nuclei on
average. The nuclei measuring between 3-9 f.£ffi were around 609 in number
and they constituted nearly 30% of the total cells. The medium-sized (10-15 ttm
nuclei ranged between 1176-1205 and constituted about 58·8 % of the total
nuclear content. The rest of the nuclei (large 20-22 zzm) on average were found
to be only about 229 in number and contributed relatively less (11· 2 %) to the
total nuclear content of the ganglion. The large nuclei were confined to the periphery of the ganglion, while the small and medium-sized nuclei were distributed
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Figure 1. A. Transverse section of the seventh abdominal ganglion showing the
peripheral rind (R) with different categories of cells, and the central fibrous COre
of neuropile (NP) x 40. B. Transverse section of the connective between 6th and
7th abdominal ganglia, showing fibres of different diameters. Note the presence
of large fibres (LA) along with medium (MA) and small (SA) fibres x 160.
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Fi gure 1. C. Tran sver se section of the 4th segmenta l nerve after its bifurc ation , show-

in g th e two roots a nd their fibre co nte nt. Note the presence of large fibre s ( LA)
al ong with medium (M A) and small (SA) fibre s x 160. D. A combi ned transver se
sectio n of 5th segm ental (5N) an d tel sonic (TN) ner ves , exhibiting fibres of different
diameters. Note th e presence of giant fibres (LA) along with medium (MA) and
small (SA) fibre s X 400.
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at random. The arrangement of the cells was so compact that the boundary of
each cell could be resolved only under high magnification. By subtracting the
number of motor and interneurons from the total cell count, the number of intraganglionic interneurons was obtained. Their number ranged from 1800-1830.
3·2.

Microanatomy of the connective and peripheral nerves

Fibre counts and analyses were made for the connective and peripheral nerves
such as the 4th and 5th segmental nerves and the telsonic nerve originating from
the 7th abdominal ganglion. There was no significant bilateral difference betwee n
counterparts of either side. This similarity in composition was reinforced by the
finding of consistent spatial positioning within the root of identifiable axons and
certain medium and large fibres.
3.2a. Connective: The connective in its cross-section (figure IB) exhibited a
thick enveloping sheath (neural lamella) of 8 pss: and its diameter ranged between
280-300 us». Table 1 shows the number of fibres that occurred in each of the
four different diameter groups, and the fibre diameters used in counting were
arranged in four descriptive groups, viz., fine fibres (less than 5 pm), small fibres
(6-10 j.lID), medium fibres (11-15 j.lID) and large fibres (greater than 16 pm).
Seven axons were above 16 pm, with the largest axon having a diameter of 18 pm
(table 1). These axons were not arranged into separate distinguishable bundles,
but tended to occur dorsally, centrally, and a few distributed through the entire
area of the connective. In contrast to this, the fine fibres along with the small
fibres were found to be distributed uniformly in the connective whereas the medium
sized fibres were sometimes arranged in pairs and in triplets and occupied various
regions in the connective. The connective comprised of approximately 1460
fibres, falling into different sizes. The fine fibres were relatively larger in number
(about 1259) and constituted 86 % of the total fibre population. About 154
fibres were found to be in the diameter range of 6-10 f-ill1 and they contributed to
Table 1. Numerical distribution of fibres of different diameter ranges in the COnnective between the 6th and 7th abdominal ganglia of H. [ulvipes,

Fibre diameter
range in I'm

Fibre
population

Per cent in
total fibre
population

0-5

1259±11'3

86

6-10

154±11-1

10

11-15

41 ± 2'6

2'8

16--20

7± i 5

0'5

Each value is an average of 4 counts of the Same section, :±:: standard deviation,
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10 % of the total population. The medium sized fibres were about 38 in number
and they contributed to about 2· 8 %. The large fibres, about 7 in number, fall
into the 4th category of 16-20/lm range, by far the lowest contribution to the
total axon number.
3·2b. 4th segmental nerve: Cross-section of the 4th segmental nerve (figure 1C)
showed two separate and distinct roots, viz., the dorsal and ventral roots. The
dorsal root measured 120-130/lm in diameter and was enclosed in a 6/lm thick
neural lamella and the diameter of the ventral root ranged between 90-100 /lm
with a 5/lm thick covering sheath. The differences between the two roots were
with regard to the size, the distribution and number of fibres in the nerve. The
dorsal root comprised of about 10 large fibres and the ventral root consisted of
about 7 large fibres. The two roots totally consisted of 290 fibres of which
about 15 were large fibres and represented 5 %. The rest of the fibre content
consisted of about 20 medium-sized fibres constituting 7 %, about 30 small fibres
occupying 10 % and the remainder (79 %) represented by fine fibres (table 2).
3.2c. 5th segmental nerve: The total diameter of the 5th segmental nerve close
to its root measured 150/lm and was enclosed within a neural lamella of 5/lm
diameter. This nerve in its cross-section (figure ID) exhibited a total of approximately 620 fibres of different sizes. About 550 of these fibres were less than 5 /lID
and formed relatively a major contribution (87,4%) to the total axon number.
Fibres of 6.. . 10 /lm contributed about 8 %. Medium fibres ranging from 11-15/lm
in diameter were about 10-12 in number and they represented 1· 9 %. The
large fibres were about 8 in number and measured 16 /lm and above in diameter
(table 3). A majority of the large fibres were seen confined to the dorsal region
and at the ventro-lateral region facing towards the telsonic nerve. The fine and
small fibres were distributed uniformly throughout the nerve and the mediumsized fibres were observed to be located at various regions of the nerve and did not
show specific pattern in their distribution.
Table 2. Numerical distribution of fibres of different diameter ranges in the 4th
segmental nerve arising from the 7th abdominal ganglion of H. fulvipes,

Fibre diameter
range
in pm

~c4

Fibre
population

Percent in
total fibre
population

0-5

231 ±12' 5

79

6-10

30± 8'3

10

11-15

18± 1'2

6

16-20

10± 1'2

3'5

value

i~

all average of 4 counts of the same section, ± standard deviation,
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Table 3. Numerical distribution of fibres of different diameter ranges in the 5th
segmental nerve, arising from the 7tb abdominal ganglion of H. fulvipes.

Fibre diameter
range in p'm

Fibre
population

Per cent in
total fibre
population

0-5

540±6'1

87'4

6-10

50±4'8

8'0

11-15

12±1'5

1'9

16--20

8±0'1

1'3

Each value is an average of 4 counts of the same section, ± standard deviation.
Table 4. Numerical distribution of fibres of different diameter ranges in the telsonic nerve, arising from the 7th abdominal ganglion of H. fulvipes.

Fibre diameter
range in p'm

Fibre
population

0-5

757±10'7

87

6-10

61± 11'4

7

11-15

48± 3'1

5'5

16-20

20± 3'0

2'3

Percent in
total fibre
population

Each value is an average of 4 counts of the same section, ± standard deviation.

3·2d. Telsonic nerve: The telsonic nerve (220 pm diameter) (figure ID) like
other peripheral nerves possessed an 8 f.lJIl thick enveloping sheath. It revealed
a total fibre number of about 890, the majority of which belonged to the first
category, the size ranging between 2-3 ut», These fine fibres represented 81 %
of the total fibre content. Fibres of 6-10 ussx were about 50 in number and
formed 7% of the total fibres. The fibres measuring 10-15 f.lD1 formed 5·5%
of the total population of fibres. In contrast to other peripheral nerves the
telsonic nerve comprised of more number of large (giant) fibres, approximately
20, and they measured more than 16 us», and constituted about 2· 3 % (table 4).
These large fibres occupied dorsal, mid-central and ventral regions of the nerve.
The rest of the fibres were distributed at random.
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4. Discussion
The general organization of the 7th abdominal ganglion as elucidated by the
present study is in conformity with the pattern of organization of other invertebrate ganglia (Bullock and Horridge 1965), with a peripheral cellular rind and a
central fibrous neuropile. The neuropile, regarded as the terra incognita of neuroanatomy (Bullock and Horridge 1965), is one of the most important regions of
neural processing, integrating information from a variety of sources and effecting
patterned outputs.
The sheathing around the ganglion and its nerves resembles that of other arthropods like cockroach (Pipa et al 1959 ; Wigglesworth 1959), locust (Cook 1951),
etc., in being visible only under high magnification and also in the absence of a
cellular perineurium beneath the neural lamella.
The occurrence of a relatively low number of large-sized cells and axons compared
to the number of medium and small-sized neurons again goes well with the
general plan of invertebrate neural organization. These relatively small number
of • giant' neurons are known to subserve the function of faster conduction of
impulses (Bullock and Horridge 1965), and so very useful in quicker reflexes of
the stinger in the present context. A role for the 7th ganglion in stinger reflexes
in this scorpion was suggested earlier (Yellamma et al 1980). Further, the overall
count of cells in the 7th ganglion in the present study has been found to be fairly
larger than that reported from several other arthropods (Zawarzin 1924;
Wiersma 1957 ; Backer 1962 ; Kendig 1967). The occurrence of larger number
of neurons in any system naturally facilitates greater number of synaptic contacts
and thus documents a high degree of integration (Bullock and Horridge 1965).
The fibre count of the connective between the 6th and 7th ganglia in the present
study has been found to be fairly less compared to that in the cockroach (Nunnemacher et al 1974) and locust (Rowell and Dorey 1967). In keeping with the
organization of the ganglion, the connective also showed only a few fibres larger
than 15 Jiill and the majority of the fibres were less than 5 um. This observation,
however, coincides with that in the cockroach (Nunnemacher et al 1974) where
majority of the fibres were less than 3!-,m,and large fibres were relatively sparse.
Fibres of less than 2!-'m and 1 Jiill were reported in wax-moth pupa (Pipa and Woolever 1965) and in locust (Rowell and Dorey 1967) respectively. However, in the
present study attempts to resolve fibres less than 1 Jiill by cobalt chloride back-filling
were unsuccessful, since cobalt chloride could not diffuse into these axons so easily
as to be feasible for compound microscopic studies. Basing on the work on crayfish connectives (Wiersma and Hughes 1961 ; Kennedy and Mellon 1964), it may
be presumed here that many of these small fibres could be sensory, running through
the connective.
Histological observations on peripheral nerves such as the 4th and 5th segmental
and telsonic nerves also corroborated with those on the connective, in that majority
of the fibres were less than 3 us»; and large fibres were relatively less.
These observations were further strengthened by cobalt chloride back-fillings
showing only few fibres larger than 12!-,m, with the remaining ranging between
3-10 Jiill in diameter. The total fibre count of these peripheral nerves, however, was
far less compared to that of the lst, 2nd and 3rd roots in the crayfish abdominal
cord (Michael 1970).
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Thus the present investigation on the 7th abdominal ganglion and its nerves
in the scorpion H. fulvipes demonstrates that despite variations in the number
of their different components and possibly accompanying subtle modifications in
physiological functions, they conform in general to the organization met within
the nervous systems of other invertebrates, especially arthropods.
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