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Vagal and Vestibular Ganglia as Vital Neural-Centers
During Development

A. G. Pillay

This investigation is an attempt to provide a chronological account of the
ontogeny and significance of changing pattern of the neuronal elements in the
vagal (nodose) and vestibular ganglia of the chick. Two types of morphologically
different neuron-types (dark and light ones) are observed. The dark cells are
considered to be active ones, while the light-cells are effete cells, i.e., inactive,
dying, dead or degenerating ones which have failed to establish or lost their
functional connections. Since the small and medium sized cells are the youngest
stages in which the light cells make their first appearance, it is assumed that the
establishment of functional connections might begin around the very-small and
small cell stage during embryonic development. The appearance of light cells
among the very-small ones just on the day of hatching possibly signifies their
attempt to eliminate the growing cells since they are no longer needed b
replace larger categories of cells which have already well-developed neuronal
connections by the day of hatching. In the vagal ganglion is the occurrence of
large number of light-cells on E6 from this behavior, it is assumed that the vagus
nerve establishes the earliest functional connections (around E6 or even earlier)
in view of its vital functions involved in maintaining the life of animal during
development because of its connections with vital organs concerned with
alimentary, respiratory and cardiac functions. In the vestibular ganglion, the
appearance of a few light cells on E6 might indicate the beginning of an early
establishment of functional connections in contrast to most other ganglia
studied. It is possible that proper maintenance of vestibular function in order to
keep the different organs (such as heart, lung, liver, intestine, brain etc) in their
most suitable position during early stages of development in relation to the
gravitational force, is possibly an important factor for proper development and
growth of every organ and system of the body, and to the life of the individual
at large.
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Introduction

Mechanisms involved in the nsuro-degensration form part of
the structural framework for interpreting the functional
consequences of age-related nsuron-loss. However, this gives
confusing and sometimes contradicting data (Dlugos and
Pentney, 1994; Waest, 1993). Distinction of dark and light
neu rons, based on staining properties has been documentad
in vertebrates (Kozhura et al, 1994). The significance of these
two populations of neurons has been the subject of
considerable speculations. Dual embryonic origin of epidermal
placode and of neural crest origin (Hamburger, 1961), &
fixation artefacts {Cammermeyer, 1962), different sensory
functions (Spassova, 1982; Shinder and Deavor, 1994),
different histogenetic characteristics (Meyer et al, 1973),
difference in distribution o f cytoplasmic organelles and relative
density of cytoplasm (Carmel and Stein, 1969; Matsura et af,
1989), fluid-shift between cells and the surrounding
extracellular spaces (Moses, 1967), difference in chemical
constituents {Peach, 1972; Silbermann and Finkelbrand, 1978)
atc have been offered as different hypothases.

All these works have been performed either in adult animals
or in certain stages of development or growth, and with
broken scientific information. Therefore, it is thought useful to
invastigate this subjsct matter in the cranial nerve ganglia
including the vagal and vestibular ganglia through the whole
lite of the chick so as to form a conclusive significance and
comprehensive hypothesis concerning the occurrence of these
two typses of neurons. It is sxpectsad that this study would
form a basis on which further clinically oriented investigations
will Tollow. An investigation concaming the brain-stam nuclsi
of the vagal and vestibular nerves is also planned, as a part of
a continuous research program.

Materials and Methods

The chicks gallus domestics, White Leghorn breed were used.
Fertilised sggs wwers incubated at 37.5°C, after svery A
hours, it was co nsidered as Embryonic Day 1 {E1), Embryonic
Day 2 (E2) stc. till hatching {H). Embryos till H were removed
carefully under ether an aesthesia, aseptic conditions and fixed
in 10% formaldehyde (HCHO ) solution at least for two wesks.
Larger (older) embryos were cut transversely into suitable
smaller pieces and labelled serially for future orisntation. The
tissues of older embryos (i.e., E15 and onwards till adult) were
usually decalcified after fixation. Serial sections of 8 - 10p
were taken and stained by Cresyl Fast Violet for Nissl
granules. Only a few selected stages that showed soms
remarkable changes i.e. E6, E8, E10, E13, E15, E18, chicks
on the day of H and adult (A} are included in this work. In all,
three animals in each group, with a total of twenty-four
animals were used. Ganglia of both sides wsre used for
examination. Every section of the ganglion was examined,
drawn and the cells were plotted in diagram with the help of
a light microscope having a camera lucida attachment.
Diffarent categorias of nsurons ware classified into Dark and
Light neurons according to the difference in the intensity of
cytoplasmic stain (Pillay, 1999a). Only those cells having a
clear nucleus and a nucleolus were counted and measured
with the hslp of an eyepiece graticule. The Tollowing
categories of cells were classified:

Tiny (< by), very small (6 - 10, small (11 - 15y), medium
sized (16 - 201}, big (21 - 2b), very big (26 - 30p), large (31
- 3by), very large (36 - 40p), giant {41 - 45} (Pillay, 1999a).
The categorization of cells on the basis of size with uniform
difference of by was initially maintained just for the sake of
convenience. Howaever, this proved to be very useful in that,
the bshaviour, sspecially that of the very-small cells, is very
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interesting on the day of H (uniformly) in all the ganglia
studied. This explains that this particular stage of csllular-
growth (very-small cell stage) is a critical period during
development, indicating a stage of active cell-process-
formation {axon-formation), beginning to establish functional
connections with the targst tissues.

Results

When the dark cells alone are present in the ganglion, they are
repressntad just by their numbers; but, when they are mixsed
with light cells, D= dark cells, and L= light cells (Fig. 1). The
most striking changes are as follows. Population density (P. D
= in mm?#) for certain types of cells is given in parenthesis.

Vagal Ganglion: The wvagal {nodose) ganglion could be
recognized on E6 while it had a rostro-caudal length of 0,496
mm, a volume of 0.0127 mn¥ and contained 10740 cells.
Among these cells, 9225 (85.89%) were dark type and 1515
{(14.11%) waere light ones. In all, 161 {1.5%) were tiny cells,
2488 (23.17%) were very small ones, 4545 (D= 3731+

L= 814){42.32%) were small ones and 3546 (D= 2845 +

L= 701) (33.02%) were medium sized ones. On E8, the
ganglion had a length of 0.536 mm, a volume {v) of 0.0251

mm®  and had 17167 cells. Among these cells, 16958
(98.78%) were darktype and 209 {1.22%) were light ones.
Inall, 116 {0.68%) were thy cells, 6425 (37.43%) were very
small ones, 6729 (D= 6645 + L= 84) (39.2%) were small
cells, 373b (D= 3627 + L= 108) (21.76%) were medium
sized ones and 162 (D= 14b + L= 17) (0.92%) were big
ones. On E10, the ganglion had a length of 0.603 mm, a
volume (V) of 0.0484 mnT and had 16181 cells. Among these
cells, 16014 {98.97%) were darktype and 167 (1.03%) were
light ones. In all, 135 {0.83%) were tiny cells, 4774 (29.5 %)
waere vary-small ones, 7626 (D= 7584 + L= 42)(47.13%)
ware small ones, 2370 (D= 2300 + L= 70) (14.65 %) waere
medium sized ones, 1226 (D= 1178 + L= 48) (7.68%)
werea big ones and b0 (D= 43 + L= 7) (0.31%) were very
hig onss. On E13, the ganglion had a lsngth of 0.630 mm, a
V of 0.0474 mnv and contained 8972 cells. Among thase
cells, 6613 (73.71%) were dark type and 2359 (26.29%)
were light ones. In all, 94 {1.05%) were tiny cells, 3812
{42.49%) were very-small ones, 2604 (D= 1645 + L= 8h9)
(27.91%) were small ones, 1656 (D= 714 + L= 942)
{18.46%) were medium sized, 587 (D= 229 + L= 3b68)
{6.54% ) were big ones, 271 (D= 99 + L= 172) (3.02 %)
wera very-higons and 48 (D= 20 + L= 28) (0.53 %) were
largeones. On E15, the ganglion had a length of 0.740 mm,
aV of 0.0870 mn? and had 46803 cells. Among these cells,
44857 (95.84%) cells were dark type and 1946 {4.16%)
were light ones. In all, 979 (2.09%) were tiny cells, 35572
(76%) were very-small ones, 4964 (D= 4388 + L= b76)
{10.39%) ware small ones, b027 (D= 3769 + |= 1258)
(10.74%) weare medium sized ones, 204 (D= 128 + L= 76)
{0.44% ) wera big ones, 43 (D= 14 + L= 29) (0.09%) wars
very big ones and 14 (D= 7 + L= 7) (0.03%)} were large
ones. On E18, the ganglion had a length of 0.790 mm, a
volume of 0.1071 mm® and had 80720 cells. Among thase
cells, 79253 (98.18%) were dark type and 1467 (1.82%)
werea light ones. In all, 30278 {37.51%) were tiny cells,
25074 (31.06%) were very-small ones, 16309 (D= 15800 +

L= 509} (20.2%) were small ohes, 6921 (D= 6164 + L=

767) {8.567%) were mediumsized ones, 1778 (D= 1594 +

L= 184) (2.2%) ware big ones, 322 (D= 315+ L= 7){0.4
%) ware very-big ones and 38 (0.05%) wers large ones.

On the day of H, the ganglion had a length of 1.350 mm, aV
of 0.1368 mm® and had 11464 cells. Among these calls,

| ISSN 1608-8689 | | Vol. 1 {4): 228-234, 2001 |



A. G. Pillay: Vagal and vestibular ganglia as vital neural-centers during development

7808 (68.11%) were dark type and 36566 (31.89%) waere
light ones. In all, 66 (0.58%) were tiny cells, 351 (D= 259 +
L= 92){3.06%) were very-small ones, 1855 (D= 908 + L=
947) (16.18%) were small ones, 4253 (D= 2709 + I=
1544) (37.1%) were medium-sized ones, 2674 (D= 1654 +
L= 920) {22.45%) were big ones, 2053 (D= 1903 + =
150} (17.91%) were vary-hig ones and 312 (D= 309 + L=
3) (2.8 %) were large ones.

Vestibular Ganglion: The wsstibular ganglion could bs
recognized on E6 while it had a rostro-caudal length of 0.304
mm and a V of 0.0094 mm*. The ganglion had 32924 calls
(P. D= 3502b53). Among these cells, 32916 (99.98 %) were
dark type {(P. D= 3501702) and 8 (0.02% ) were light ones (P.
D= 851} In all, there were 2220 (6.74%) tiny cells
{P. D= 236170), 14803 (44.96%) very small ones (P. D=
1674787), 15197 (46.16%) small ones (greatest P. B
1616702) and 704 {2.14%) medium sized ones (P. [
74893). On E8, the ganglion had a length of 0.480 mm and
a V of 0.0240 mn?, and contained 42695 cells (P. D-
1778958), and all of these cells wera dark type. In all, there
ware 874 (2.05%) tiny cells (P. D= 36417}, 30870 (72.3%)
veary small ones (greatest P, D= 1286250), 10750 {25.18%)
small ones (P. D= 447917)and 201 (0.47%) medium sized
ones (P. D= 8375). On E10, the ganglion had a length of

0.963 mm, a V of 0.0442 mn? and 61936 cells (P.
1401267) and all of these cells were dark type. In all, there
were 10268 (16.58%) tiny cells (P. D= 232308), 40467
{65.34%) very small onss (greatest P. D= 915b43), 9418
{15.21%) small ones (P. D= 213077) and 1783 {2.88%)
medium sized onss. On E13, the ganglion had a length of
1.020 mm, a V of 0.1232 mn? and 43894 cells (P. D=
356282). Among these cells, 40267 (91.74%) were dark type
(P. D= 326842) and 3627 (8.26%) were light ones (P. D=
29440). In all, there were 2674 (6.09%) tiny cells (P. D=
2170b), 27480 (62.61%) very small ones {highest P. D=
223062),9251 (D= 6818 + L= 2433)(21.08 %) small onas
(P. D= 75089), 3665 (D= 2666 + L= 990) (8.33%)
medium sized ones (P. D= 29667}, 763 (D= b83 + L= 180)
{(1.74%) big ones (P. D= 6193) and 71 (D= 47 + L= 24)
{0.16%) very big ones (P. D= 576). On E15, the ganglion had
a length of 0.940 mm, a 'V of 0.0770 mnY and 563439 cells
(P. D= 694013). Among these cells, 47465 (88.82%) were
dark type (P. D= 616429} and b974 (11.18%) waere light
ones {P. D= 77584). In all, there were 3449 (6.45%) tiny
calls (P.D= 44792), 31886 (59.67%) very small ones
(highest P. D= 414104), 10090 (D= 7501 + I=
2689) (18.88%) small ones (P. D= 131039), 5654 (D=
3195 + L= 2459) (10.58%) medium sized ones (P.
D= 73429), 1609 (D= 953 + L= 6b6){3.01 %) big

Table 1: llustrates the total number of dark and light cells in the vagal ganglion in different age groups of animals in the ontogeny of the chick

Size Tiny Very small  Small Medium  Big Very big Large Very large Giant Tatal Grand
AGE < by 6-10u 11-15u  16-20u 21-25u 26-30u 31-35u 36-40u > 40u Number Total
E6-D 161 2488 3731 284b 0 0 0 0 0 9225

E6-L 0 0 814 701 0 0 0 0 0 1515 10740
ES-D 116 6425 6645 3627 145 0 0 0 0 16958

E8-L 0 0 84 108 17 0 0 0 0 209 17167
E10D 135 4774 7584 2300 1178 43 0 0 0 16014

E10-L 0 0 42 70 48 7 0 0 0 167 16181

E13D 94 3812 1645 714 229 99 20 0 0 6613

E13-L 0 0 859 942 368 172 28 0 0 2359 8972
E15D 979 35572 4388 3769 128 14 7 0 0 44857

E15-L 0 0 576 1268 76 29 7 0 0 1946 46803
E18-D 30278 25074 15800 6154 1594 315 38 0 0 79253

E18-L 0 0 509 767 184 7 0 0 0 1467 80720
H-D 66 259 908 2709 1654 1903 309 0 0 7808

H-L 0 92 947 1544 920 150 3 0 0 3666 11464
A-D 275 1626 1627 2245 902 1418 467 388 36 8784

A-L 0 0 24 97 71 82 38 2b 9 346 9130

D = Dark cells, L = Light cells, E = Embryonic day, H = Day of hatching, A = Adult

Table 2: lllustrates the total number of dark and light cells in the vestibular ganglion in different age groups of animals in the ontogeny of the
chick

Size Tiny Very small Small Medium Big Very big Llarge Very large  Giant Tatal Grand

Age < bu 6-10u 11-15u 16-20u 21-25u  26-30u 31-3bu  36-40u > 40u Number  Total

E6-D 2220 14803 15197 696 0 0 0 0 0 32916

E6-L 0 0 0 8 0 0 0 0 0 8 32924

E8-D 874 30870 10750 20 0 0 0 0 0 42695

ES-L 0 0 0 0 0 0 0 0 0 0 42695

E10-D 10268 40467 9418 1783 0 0 0 0 0 61936

E10-L 0 0 0 0 0 0 0 0 0 0 61936

E13D 2674 27480 6818 2665 583 47 0 0 0 40267

E13-L 0 0 2433 990 180 24 0 0 0 3627 43894

E15-D 3449 31886 7501 3195 953 481 0 0 0 47465

E15-L 0 0 2589 2459 6b6 270 0 0 0 5974 53439

E18D 91241 100958 31988 8981 1491 218 0 0 0 234877

E18-L 0 0 567 1267 336 144 0 0 0 2314 237191

H-D 105 428 924 2178 693 425 118 0 0 4871

H-L 0 3751 4063 4462 838 73 9 0 0 13196 18067

A-D 1183 4935 3645 1860 168 278 120 0 0 12189

A-L 0 0 155 101 14 17 7 0 0 294 12483

D = Dark cells, L = Light cells, E = Embryonic age, H = Day of hatching, A = Adult
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Fig. 1:
of the scale-bar is equal to 10p.

ones (P. D= 20896}, and 751 (D= 481 + L= 270) {1.41%)
very hig ones (P. D= 9753). On E18, the ganglion had a
length of 1.230 mm, aV of 0.3874 mm?3 and 237191 cslls
(P. D= 612264). Among these cells, 234877 (99.02%) were
dark type (P. D= 606291})and 2314 {0.98%) were light onas
(P. D= 5973). In all, there were 91241 (38.47%) tiny cells
{P. D= 235521), 100958 (42.56%) very small type (highest
P. D= 260604), 32565 (D= 31988 + L= b67) {13.73%)
small ones (P. D= 84035), 10248 (D= 8981 + L= 1267)
{4.32%) medium sized ones (P. D= 26453), 1827 (D= 1491
+ L= 3386) (0.77%) big ones (P. D= 4716)and 362 (D=
218 + L= 144){0.15 %) very big ones (P. D= 935).
Onthe day of H, the ganglion had a length of 1.200 mm, a V
of 0.2079 mnr and 18067 cells (P. D= 86902). Among these
cells, 4871 (26.96%) were dark type (P. D= 23429) and
13196 (73.04%) were light ones (P. D= 63473). In all, there
were 105 (0.58 %) tiny cells (P. D= 505), 4179 (D= 428 +
L= 3751) (23.13%) very small type (P. D= 20101), 4987
(D= 924 + L= 4063) (27.6%) small ones (P. D= 23987},
6640 (D= 2178 + L= 4462) (36.75%) medium sized
{highast P. D= 31938), 1531 (D = 693 + L= 838)(8.47%)
big (P. D= 7364), 498 (D= 425 + L= 73) (2.76%) very hig
ones (P. D= 2395)and 127 (D= 118 + L= 9) (0.7%) large
ones (P. D= 611} (Table 1, 2).

Discussion

Vagal Ganglion: In the vagal {nodose) ganglion, two types of
cells, the dark and the light neuronas are found dispersed at
random throughout the ganglion as from E6 through the whole
life till adult hood. Unlike the obssrvation of other investigators
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Shows Dark (D and Light (L) cells observed in Ganglion. Different size-categories of cells are also seen. Each division

{Finkelbrand and Silbermann, 1978; Noden, 1978} who found
such random distribution only in mature ganglia (i.e., as from
18th day of incubation to A), i.e., from the stage shortl
before H to A and not in the early stages of development
whara thers is a definite segregation of small and large
neurons. The tiny cells and very small cells are always found
to be dark. Ths very-small cells are also dark through the
whole embiryonic period till E18. Later, the light cells have
appeared among the very small cells on the day of hatching.
However, the light cells in this category have disappeared in
the A situation. This behaviour of very-small cells might imply
that swvaenthough thess cells appear to kesp themsslves to ba
an active group before the day of H and be ready to replace
the unsuccessful neuronal slsmsnts, death and degensration
begin among these cells also as from the day of H. It &
assumed that normally thers cannot be any more nacessity for
the establishment of newv {or additional) functional projection
after the day of H because all of these connections might have
been already complete by this time (while the animal is ready
to lead an indspendent living). Therefore, cell-death begins
even among these very-small type as from the day of H in
order to prevent further growth and maturation of thaess cells
that seem unnecessary. It has been observed that the
important function of csll-death during development is to
regulate the number of neurons to the requirements of the
target-fields (Davies and Lumsden, 1990). Experimental
manipulation of target-field size (Oppenheim, 1981) and
disruption of target-f ield innervation (Yip and Johnston, 1984)
have demonstratedthis. This is in agreement with the concept
that both periphsral and central target-fislds of sensory
nsurons play a role in regulating neuronal number.

The nodose ganglion is peculiar to contain the light-cells as
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early as E6 that continue through the whole ontogeny.
Howswar, their number, proportion and density vary greathy
within different parts of the ganglion and through different age
groups of animals. It is assumed that the sarly appearance of
light cells on E6 might indicate that the establishment of
connections (development and growth of axonal processes)
beg ins as early as E6 {or even before), as evidenced by the
occurrence of light cells in the ganglion, unlike many other
ganglia studied in this investigation. This is based on the
suggestion (Hamburger and Narayanan, 1969) that by the 8th
day of incubation at lsast some of the trigeminal ganglion cells
have established peripheral and central connections as
indicated by the pressnce of reflexogenic responses to tactile
stimulus of the beak. It has also been found (Noden, 1980)
that many trigeminal sensory cells have extensive pariphsral
progctions by the end of the first week of incubation. Also it
is during this period (E8) in the trigeminal ganglion that the
light cells have made their first appearance as well (Pillay,
1999a). Thus the coincidence of physiological evidences given
by the above workers, as well as the appearance of light cells
(structural observation) (Pillay, 1999a) in the trigeminal
ganglion during the same developmental stage (E8) might
clearly suggest that these light cells have mads their Tirst
appearance as a result of their failure in making functional
connections. It is assumed that the cells which have failed to
form a functional connsctions might bscome ultimately
inactive, lose their function, die, degenerate and disappear and
that these ars the cslls that take a lighter colour on staining
and that this light-cell stage represents stages of inactivity and
degeneration.

An important point to be stressed hera in the vagal (nodose)
ganglion is regarding the occurrence of large number of light-
cells on EB, the earliest period ever observed in any one of the
cranial nerve ganglia (Pillay, 1999, 1999a, 2000, 2001a,
2001). By this peculiar behaviour of the nodose ganglion, it is
assumed that the wagus nerve aestablishes the earliest
functional connactions {around E6 or even earlier) in view of
its wital Tunctional importance involved in maintaining the life
of the animal during development because of its connections
with wvital organs concarned with alimentary, respiratory and
cardiac functions.

The numberof cells on E10 has reduced to 16181 cells that
include 16014 dark cells and 167 light ones. Even though the
increased number of tiny cells is negligible {having 135 cells),
this might imply to bs the appsarancs of an increassd number
of phagocytic cells, the activity of which, in turn, results in the
reduced number of total cells. Howevar, the very-big type of
celk have appeared on E10 which is suggestive of continued
cellular growth and maturation process as a result d
establishment of functional connections of these cells. Again,
the cellular degeneration (or loss) takes place among almost all
classes of cells except probably the small cells in which the
number of cells has increased to /626 on E10. This, might in
turn, suggest that this period is a critical stage whereby the
cells are attempting to establish functional connections, and
if they fail, this results in their death, degeneration and loss,
as evidenced by the reduced total numbear of cslls on E13.
On E13, the great reductions in the total number of cells and
an increased number of light-ones indicate an acceleration of
celldeath, degeneration and loss. It is assumed that this
period is a critical stags for the nsurons whers an active
Tunctional connection is being sstablished. All classses of cslls
have reduced in number indicating cell-death, degeneration
and loss when these cells fail to establish functional
connections. However, a few large cells have made their first
appearance that is suggestive of a continued csllular growth
and maturation as a result of their establishment of functional
connections. Thus, it is thought that the period of accelerated
degeneration {E10 - E13) is the period of active establishment
of proper Tunctional connections. This is somewhat similar to
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the observation {Rubel et ai., 1976) about cell-death that was
observed among the cells in the brain-stem auditory nuclei
where most cell-death occurs in the period between E11 and
E13. It has been shown {Yip and Johnston, 1984) that survival
of mature neurors of the dorsal root ganglion in newborn rats
is partially dependent on the av ailability of nerve growth factor
{NGF} transported from the CNS via the dorsal root fibres. This
also supports the suggestion, that those cells that have
astablished proper projections will receive sufTicient NGF from
the CNS and survive and that others will die. Recent studies
{lumsden and Davies, 1986; Lumsden, 1988) have
demonstrated that agents other than NGF guide neurites of
NGF-responsive neurons in thsir devslopment. Co-culture
studies on the effects of mouse embryonic maxillary process
have shown that nsurites grow sxclusively towards their
target-field under the influence of an attractant produced by
the target epithelial tissue that ultimately produces the sensory
receptor cells of that particular field. The factors involved is
immunochemically distinct from that of NGF and laminin, and
is produced during the period of normal out-growth, but
daeclines after the normal growth-conse and targst encounter,
and is na produced by the adjoining cutaneous fields (Davies
and Lumsden, 1990; Lumsden, 1988). Howevaer, it is possible
to assume that even after establishment of projection fibres
into proper innervation fields, if these fibers are unable to
transport the NGF or if the NGF awvailable for transport through
the fibers is inadequate to keep its optimum amount, these
cells might die as well.

This might imply that the cellular death occur at any stage of
theirgrowth, probably even aftar a connsction is sstablished.
This is possible that when the peripheral projections obtained
by thaess cslls are not in the proper field or whan there is a
defect developed in the micro-environment, these connections
might lose their proper function (i.e., they fail to establish
functional connections). Therefore, these cells might ke
destined to die by an adverse stimulus (such as inadequate
supply of NGF) coming from the CNS as it has been explained
by Yip and Johnston (1984) as being responsible to promote
nerve-growth in the dorsal root ganglion in the newborn rats.
This is also in accordance with the obsanvation (Korsching and
Thoenen, 1985; Davies et al, 1987) that about 20 - 80 % of
the neurons initially generated in the sensory ganglia die
shortly after they innervate their target-fields. Therefore, as
stated initially, both the peripheral and central target-fields
play a rols in regulating neuronal numbers (Davies and
Lumsdan, 1990).

It is noticed on E15 that the tiny cells and all other larger
classes of cells are enormously increased in number. This is
suggestive ol a greater rate of proliferation, growth,
maturation of cells and faster establishment of functiond
connections making these cells grow Taster into larger classes.
The largest class continues to be the large type only, similar
to that obssrved on E13. Howsver, during this period, thers is
areduction in the number of big, very-big and large cells. Also
at this stage, the larger classes of cells (viz, very-large type)
have not made their appearance. It is possible that some of
thess cslls might repmsent those which undergo degensration
after making functional connections, due to some adverse
factors (in the macro-environment) present either within or
around these cells. It is also possible that the cells that fail to
astablish functional connections begin to die as a result of
inadequate suppy of stimulus such as NGF that is responsibla
for further growth and survival {Yip and Johnston, 1984).
Fwven though this views suits vary well with the present results,
it is noticed that the proliferation of new cells, their growth
and maturation continue fast during this period, probably in
order to replace such unsuccessful neuronal elements which
Tail to sstablish functional connections. Howewver, in spite of
such reduction in these categories of cells, the total cell-
number has actually increased (to 46803 cells) in the ganglion
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on E15 that is due to mainly the increased number of tiny,
wvary-small, small and medium-sized ones. It is possible that
such increased number of cells might also include some
proportion of phagocytic cells in addition to nsuronal elements
since the ganglion is preparing for phagocytic activity s
evidenced by their occurrence on E18 {(as explained below).
On E18 again, the ganglion shows a greater increase ni
smaller classes of cells indicating an acceleration of
proliferative activity or influx of new cslls Trom other sources.
The different larger classes of cells indicate cellular growth
and mat uration. A comparative analysis of the number of
different types of cells observed on E18 and those obsenved
on the day of H shows that thers is a great cellular loss on the
day of H.

This huge loss concerns mainly with the large number of tiny,
very-small, small and mediunrsized ones. This clearly indicates
that the multiplicity of cells concerns mainly with phagocytes
or cells that have gained the capacity to remove the
unsuccassful nsuronal elsments that have failed to perfom
normal function. Similar findings of the presence of enormous
number of phagocytic cslls at similar devslopmsntal stages
have been reported earlier (O’ Connor and Wyttenbach, 1974;
Wang-Chu and Oppsnheim, 1978). Howaever, larger classes of
cells viz, the big, very big and large types, on the other hand,
haveincreased in number on the day of H. This is suggestive
of establishment of functional connections (further growth and
maturation of neurons) around E15 - E18. This behaviour &
almost similar to the report in the CNS {Rubel et al, 1976)
that major changes in cell size, nuclear size (neuron-groups)
cell number occur betwesn E13 and the day of H and that the
increase in ganglionic volume commences at the end of the
period of cell death which begins around E13 - E1/. The
cellular death and degeneration could be one of the factors
that regubte the size of cell population in the ganglion as has
been suggested by other investigators (Saunders, 1966;
Michasls ef al, 1971). They also suggested that the
degenerating neurons might produce hydrolytic enzyme for
their own degeneration and digestion {autolysis). However,
these results have no evidence for this suggestion because the
phagocytic cells produced during this period (around E15 -
E18) disappear on the day of hatching. However, this
suggestion might be reasonable Tor the phagocytic cells
themselves that appear around E15 - E18 and are responsible
to remove the remnants of the degenerating neuronal
slements. IT the above suggsestion is to be taken Tor the
nsurons themsslves, then no sxplanation could be attributed
for the tremendous production or flooding of the tiny cells that
appear around E1b - E18 and disappear by the day of H.
Onthe day of hatching, there is a great cellular loss from that
observed on E18. This indicates that the cellular death,
degeneration, phagocytosis etc are at their highest peak during
the period between E18 and the day of hatching, resulting in
agreatly reduced number of cells on the day of hatching. The
greatly reduced number of tiny cells implies that they are
involvad in the procass of clearing-avay of noxious substances
{phagocytosis), and that they have disappeared after
complsting their Tunction. The increased numbsr of light cells
(so-called inactive or dead cells) at this stage (on hatching)
might suggsest that cellular degsneration still continue
Howevaer, the increased number of large classes of cells B
suggestive of nsuronal maturation.

Vestibular Ganglion: The appearance of few light cells on E6
for the first fime might indicate an active and early
establishment of functional connections around this period. It

has been found that in the trigeminal ganglion {Hamburger and
Narayanan, 1969) by the 8th day of incubation at least some
of its cells have established peripheral and central connections
as indicated by the presence of reflexogenic responses to

tactils stimulus of the beak. It is also found that many
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trigeminal sensory cells have extensive peripheral projections
by the end of the first week of incubation {Noden, 1980} and
that these cells might cease dividing very early in embryonic
development. Such period coincides with the appearance of
light cells in the trigeminal ganglion on ES (Pillay, 1999a).
Probably these light cells have formed as a result of their
Tailureto establish a functional connection. It is possible to
assume that those cells which fail to establish proper central
and peripheral connections might become inactive and take a
lighter cytoplasmic stain.

Thus the appearance of light cells on E6 Tor the Tirst time
during development in the vestibular ganglion is the earliest
stage, where the light cells have ever observed in any one
ganglion. This, in turn, would explain the earliest
astablishment of Tunctional connections in the ganglion and
also greatly emphasises the functional importance of the
wvestibular ganglion and vestibular organs during intra-uterine
development, so as to keep a balanced and optimal position of
the wvital bodily organs in mslation to gravitational forcs.
Maintenance of propa position during development in relation
to the gravitational force is probably an important factor for
the normal development and growth of the embryo.

The size of cell-population on E6 is 13.87 % that shows an
increase through E8 to reach 26.11% on E10. This drops
down on E13 to 18.61% and increases on E15 to 22.53%.
Later, there is a sharp increass in the csll-population on E18
with a great influx of smaller categories of cells especially tiny
and very small types to gain its highest value of 100%. The
first increase in the cell-population observed in the ganglion on
E10 might be concermned mainly with neural elements (nerve
cells and neuroglia), whereas the second increase observed on
E18 concerns mainly with phagocytic cells that hslp to remowve
the unsuccessful neuronal elements. Later these phagocytic
cells themselves disappear Trom the ganglion on ths day of
hatching. Therefore, the cell population suddenly drops down
on the day of H while only 7.62 % cells remain, with a loss of
92.38 % cells during this short period. The presence o
snormous number of phagocytic cells at similar stagses has
been reported by several investigators (Q'Connor and
Whyttenbach, 1974; Pilar and Landmesser, 1976). The cel
death and degeneration could be one of the factors that
regulats the size of the csll population and morphogenssis in
the ganglion during development. Similar function has been
suggested by several investigators earlier (Saunders, 1966). It
is also suggested (Michaels ef al, 1971) that the degenerating
cells produce hydrolytic enzyme Tor their own degensration
and digestion. However, these results do not provide any
evidence for this suggestion because the unsuccessful
nsuronal slaments sesm to be digssted by phagocytic cslls
which are produced during the last stages (around E18) of
ambryonic development, most of which disappear before the
day of hatching. However, their suggestion might be
reasonabls for the phagocytic cells themsehvss which appsar
around E15 - E18 and disappear on the day of hatching
Howsver, if the abows suggestion is to be taken for the
neuronal elements themselves, as they have suggested, no
meaning could be attributed for the tremsendous production of
the tiny and other smaller classes of cells which appear around
E15 - E18 and disappsar bsfore the day of H.

It has been found that about 46% of cells that have been
observed on E6 Tail to survive on the day of H. This is similar
to the earlier report (Landmesser and Pilar, 1974; Pillay,
1999a) that 40% or more of the neurons that are initially
generated Tail to survive to maturity.

It is evident that the results in the vagal and vestibular ganglia
are strikingly different from that observed in all other ganglia
investigated in this series of investigation (Pillay, 1999a,
1999, 2000, 2001a, 2001). Allthese factors discussed above
strongly emphasize the importance of the early establishment
of functional connsctions of the nodose and wvestibular
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ganglionic neurons during development. Under these
circumstances, Turther investigation is being carried out to
clarify whether the changes in the ganglia could be compared
wvith thoss in the brainstem nuclei of these nerves.
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