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The migration of the spinal ganglion neuron mother cells in the chick
embryo, from the neural crest towards the lateral part of the neural tube,
occurs during the first 2 1/2 days of incubation 28.59,60,61, Two different regions
(ventrolateral and dorsomedial) can be described in the ganglion whose cells
present distinct morphological, as well as functional features 22. Similar aspects
are described in humans by McKinniss3¢. But, as the smaller-sized cells of
the dorsomedial region present a higher growing rate than those of the ventro-
lateral region, no histological distinction between the two regions may be
observed after the 15th day of incubation. The ultrastructure of adult spinal
ganglion neurons has been studied extensively by different authors 1,10,24,42,50,51,
as well as their differentiation in G. domesticus 43,46,57: up to the 5th day of
incubation the neuroblasts present scarce cytoplasm with few ribosomes and
scanty developed RER; later on they start to show all the features of mature
cells, i.e. well developed RER and Golgi complex, many mitochondria, and free
ribosomes. Environmental influences acting on the spinal ganglion neuron were
studied in embryos submitted to limb excision and grafts in order to analyse,
for example, the influence of the innervation field on the number of sensory
neurons 26,

The present paper reports a morphometric study looking for quantitative
modifications of the fine structure of these neurons at six different ages,
ranging from the 10th day of incubation to the 120th post-hatching day. We
estimated the nuclear and cytoplasmic volumes and for the latter the relative
volumes of hyaloplasm (including free ribosomes) inside and outside the Nissl
bodies, RER, SER, mitochondria dense bodies and Golgi complex, the surface-
-to-volume ratio, and total surface of the organelles.
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MATERIAL AND METHODS

Lumbar spinal ganglia of G. domesticus (Hybro) on the 10th and 18th days of
incubation and 8th, 35th, 61st and 120th post-hatching days were used. The ganglia
were removed from the hatched chicks immediately after ether anesthesia and from
the embryos after decapitation. Ganglia fragments were fixed by 2.0% gluteraldehyde
in O.1M cacodylate buffer (pH 7.2; 480 mOsm) até 4.00C for 2h and postfixed for
1h by 1% osmium tetroxide in 0.056M phosphate buffer with 123 mg/ml sucrose at
40C. After a quick Finse in phosphate buffer, the fragments were dehydrated with
cthanolpropylene oxide and embedded in araldite.

The diameter of 200 nuclear transections (for each animal) of spinal ganglia
neurons were measured with a filar micrometric eyepiece (Kplx8, with an oil immersion
objective x100) in 0.5#m methylene blue — azur II stained sections *, Considering
the neuron nuclei as having a spherical shape, the mean radius was estimated by the
Bach 2 method. The corresponding numerical processings were performed by a suitably
programmed HP-9810A electronic calculator. The absolute nuclear volumes were finally
obtained from the formula for the sphere.

The relative volume of cytoplasm was evaluated in 100 microscopic fields for each
animal, counting points lying on nuclei and cytoplasm with a Zeiss 100-point inte-
grating (Kplx8) and oil immersion objective (x100). These data and those of the
nuclear volume enabled us to obtain the absolute cytoplasmic volume.

The ultrastructural morphometric evaluations were carried out using an 84-segment
text system (based on Weibel et al.58) superimposed in two orthogonal directions on
20 electronmicrophotographs ** (x21,000) for each animal, taken at random over the
ganglia fragments.

The data obtained by counting of points on cytoplasmic constituents (RER, SER,
mitochondria, dense bodies, Golgi complex and hyaloplasm inside and outside the
Nissl bodies) and intersections with contours of transected organelle membranes enabled
us to estimate the relative volume (Vvi) of these constituents, the surface-to-volume
ratio (si/vi) and the total surface (Smt) of the organelles.. The following formulas

were used:

Pi 4 Ni 4 . Ni
V. = ;8 /V = — ;8§ =8 .V;8 6 =——1uu—,
vl 1 1 tot Vi Vi
P Z . P, zZ.P
t i t
were Pi == differential counting of points; Pt == total number of points; Ni == number
of intersections over transected organelle membranes; Z =— enlargement factor; Svi =

surface density; V = cytoplasmie absolute volume.

The mean values of 3 specimens used for each age are presented in table 1.

e e S, e .

* Performed in a Ultratome LKB ultramicrotome, donated by the FAPESP (Pro-
cesso 70/1445).

** Photographed in a EM-9 of the Laboratory of Electronmicroscopy (Prof. Dr.
Antonio Sesso) — Department of Pathology of the Sdo Paulo Medical School — Si#o
Paulo University (Brasil).
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RESULTS

The estimated data are presented in Table 1 and, graphically in figures 1 and 2.
The changes of the histological characteristics observed in our material are similar
to thuse observed by Hamburger and Levi-Montaleini 22. On the 18th day of incubation
the two until then distinct groups of neurons are already intermingled, showing
As one can see in table 1 and figure 1,
the mean cell volume increases constantly, particularly between the 1st and the
2nd ages keeping the following proportions among themselves: 1.0 : 13.5 : 12.5 : 24.1
: 23.8 : 30.2, respectively on the 10th and 18th days of incubation and on the 8th,
35th, 61st, and 120th post-hatching days. A particularly intense increase between the
1st and the 2nd ages was observed for the relative and the absolute cytoplasmie
volume. The variations of nuclear volume occurred according to the following propor-
1.0 : 35 : 24 : 35 : 3.0 : 26. The nuclear cytoplasmic ratio decreased unifor-
163 : 31 : 22 : 1.7 : 14 : 1.0.

The electronmieroscopic morphometric study showed an increase of relative volume
of RER and a decrease of SER immediately before hatching. Later on, the relative
volume of SER (except on the 120th day) increased and those of RER decreased.

different sizes and staining intensities (Fig. 3).

tions:
mely:

Except for the 1st age, the absolute volume of RER presented relatively small
AGE 10th incubdation 18th incubation 8th post~hatching |35th post~hatching|61st post-hatching 120th post=-hatching
PARAMETER day day day day day day
(3 SPECIMENS) (3 SPECIMENS) (3 SPECIMENS) (3 SPECIMENS) (3 SPECIMENS) (3 SPECIMENS)
RELATIVE CYTOPLASMIC VOLUME (2) 67 L 0,414 9 fomn 9% % 1,22 95 X 0.30 95 T 0.41 97 £ 0.53
NUCLEAR VOLUME (pm’) 370 ¥ 87 1,299 * 203 874 % o7 1,276 ¥ 196- 1,089 * 210 975 % 177
CYTOPLASNIC VOLUME (un”) 151 211 13,833 % 2,398 13,201 2 1,864 25,726 ¥ 4912 25,635 & 3,272 32,83 £ 2,240
RELATIVE VOLUME (%)
RER 1.5 2o 3.3 2 0.5 3.6 % 115 2.0 ¥ 0.52 2.0 £ 0.80 1.5 2 0,19
SER 2.7 %072 1.5%0.3 1.7 2 0,95 2.3 % 0.18 6.1 % 0.85 4.5 2 1.05
MITOCHONDRIA 13.6 ¥ 1.20 13.7 £ 0.58 1.2 £ 0,64 10.2 ¥ 0.32 7.7 £ 0.06 1.8 2 0.07
DENSE BODIES 1.8 ¥ 0.40 1.2 2 0.24 1.3 % 0,15 1.1 2 0014 0.8 ¥ 0.08 0.6 2 0.08
GOLCI COMPLEX 8.1 ¥ 0.54 9.0 ¥ 1.43 7.6 2 1,55 5.9 % 2.46 6.0 X 0.64 6.1 £ 0.42
NISSL'S HYALOPLASM 25.9 ¥ 0.58 33.1 ¥ 2,50 30.2 ¥ 1,43 0.6 ¥ 2,93 29.4 £ 1.3 22.1 % 3,74
HYALOPLASM 47.0 2 0.46 36.0 ¥ 2,60 1.0 1.m 48.0 ¥ 1,55 47.9 = 2.00 53.2 29,51
SURFACE-TO-VOLUME RATIO
pa’ o
RER 55.3 = 3,96 25.0 2 3.00 17.6 ¥ 2,87 20.8 % 0.65 26.3 2 0.65 29,1 2 1.76
SER 67.1 % 8.82 23.5 ¥ 5.83 45.9 ¥ 5,55 33.8 ¥ 3,58 31.1 % 0.50 35.5 2 1.86
MITOCHONDRIA 17.1 £ 0.37 10.2 L 0.58 9.4 ¥ 0.64 1.0 0.3 17.1 ¥ 010 12.4 £ 0.84
DENSE BODIES 0.0 £ 5.1 4.0 £1.25 17.4 £ 1,57 19.1 81 22.4 £ 3,30 22.3 % 4,22
GOLCT COMPLEX 6.0 ¥ 3,28 19,3 21,38 14,5 2 0.89 2.4 2 3m 27.0 % 2.72 25.2 21,27
TOTAL SURFACE (yn2)
RER 433 % 99 6,341 = 1,674 7,886 2 2,777 10,35 % 3,229 | 14,930 T 7,845 14,862 2 2,827
SER 1.180 & 108 6,818 £ 4,068 8,028 2 3,403 19,262 £ 3,976 | 50,956 214,773 52,545 2 13,912
MITOCHONDRIA 1,802 £ 528 19,252 £ 3,432 12,092 2 1,714 28,069 % 3,841 33,762 3 1,322 48,557 ¥ 5 goa
DENSE BODTES %32 92 2,159 ¢ 237 2,929 719 5,430 ¥ 1,482 4,406 £ 1,030 45122 g1y
CGOLGT COMPLEX 2,206 2 623 24,324 ¥ 5,518 14,068 £ 3,142 33,487 % 7,997 41,013 % 6,840 50,571 2 1 554

*STANDARD ERROR OF THE MEAN

Table 1 — Changes of nuclear and cytoplasmic (RER, SER, mitochondria, dense bodies,
Golgi complex, hyaloplasm and Nissl’s hyaloplasm) volume, and of surface-
~to-volume ratio and total surface of the same organelles in lumbar spinal
ganglia cell bodies of Gallus domesticus on the 10 th, 18 th adys of
incubation, 8th, 35th, 61st amd 120th post-hatching days.
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l-RER

2-SER

3 - MITOCHONDRIA (M)

4 - DENSE BODIES (DB)

5 - GOLGI COMPLEX (GC)
6 - NISSL'S HYALOPLASM
7 - HYALOPLASM

<|Ncuamo->ie POST-HATCHING >

Fig. 1 — Variations of surface to-volume ratio (,‘mzlnma) of RER, SER, mitochondria,
dense bodies and Golgi complex in perikarion of lumbar spimal ganglia neurons
of G. domesticus in 6 ages (days). The corresponding relative wvolumes
of the organelles and hyaloplasm imside and outside the Nissl bodies are
represented in the abscissa.
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variations, decreasing slightly on the 120th day (8 + 0.8 — 459 + 76 — 473 + 152 —
614 + 134 — 518 + 205 — 496 + 62 ,‘m3). On the other hand, the absolute vo-

lume of SER increased dramatically (20 + 5 — 213 + 101 — 224 + 125 — 579
+ 46 — 1,674 + 218 — 1,478 + 345 “mS). The relative volume of Golgi complex
decreases from the 2nd to the 4th age, then becoming stable. The mitochondria
(except for the 120th day) and dense bodies show a progressive decrease of the

same parameter.

The behavior of the hyaloplasm inside and outside the Nissl bodies with respect
to relative volume is the opposite; with the exception of the 10th day of incubation,
the relative volume of Nissl hyaloplasm drops, while the absolute volume of this
constituent grows until the 35th day, decreasing slightly afterwards (194 + 4 — 4,575
+ 346 — 3,987 + 189 — 7,882 + 754 — 7,544 + 344 — 7,252 + 1,228 pm3).  The
surface-to-volume ratio drops sharply for all organelles from the 10th to the 18th
day of incubation. After hatching, a tendency to increase was observed. Total surface
also grows sharply between the first two ages. Intense growth of total surface of
SER on the 61st and 120th day is observed, together with a slight increase of
those of dense bodies and none of RER between the last two ages, in spite of the
great increase of the absolute cytoplasmic volume. However, the changes in total
surface can be better understood in terms of variations of the membrane surface-to-
-cytoplasmic volume ratios (Sm t/V) (table 2). These sequences show a decrease of
membrane/ ,,,m3 of cytoplasm from the 10th to the 18th days (f incubation. After
hatching, the ratio increases for mitochondria, Golgi complex, and particularly for
SER, in the last two ages, while it decreases for dense bodies and alternates for RER

according to the proportion 1.5 : 1.1.

6l ' 120

—DAYS OF mcua:monl POST-HATCHING DAYS
] RER DENSE BODIES
B sER GOLGI COMPLEX

MITOCHONDRIA +— 30 pm

Fig. 8 — Variations of total surface of RER, SER, mitochondria, dense bodies, and
Qolgi complex in perikarion of lumbar spinal ganglia neurons of G. do-
mesticus in 6 ages (days).
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Fig. 8 — 1 um thick araldite sections of lumbar spinal ganglia neurons of G. domes-
ticus stained by methylene blue-azur II: A and B (respectively on the
10th and 18th days of imcubation); C, D, E, F (respectively on the 8th;
35th, 61st and 120th post-hatching days); x720.
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Day Incubation Post-Hatching
Organelle 10th 18th 8th 35th 61st 120th
RER 1.5 1.1 1.5 1.0 1.5 1.1
SER 3.2 1.0 1.2 1.5 4.1 3.3
Mitochondria 2.6 1.6 1.0 1.2 1.5 1.7
Dense bodies 3.4 1.1 1.6 1.5 1.2 1.0
Golgi complex 2.7 1.7 1.0 1.2 1.5 1.4

Table 2 — Bequence of the proportions of the organelle membrane surface-to-cytoplas-
mic volume ratios.

COMMENTS

Regarding neuron growth in the spinal ganglia of G. domesticus, our
findings are equivalent to those of Olivo et al.40; these authors found a
marked growth during the embryonic period which decreases immediately after
hatching, while increasing progressively even after 6 months. We observed
significant growth in cell volume between the 1st and 2nd ages, with a slight
decrease on the 8th post-hatching day and continuous growth during all
other ages.

Except for the last age, the positive ratio between nuclear and cell body
sizes observed by Hatai23 was confirmed by our findings. Based on Levi’s 30
suggestions, Donaldson and Nagasaka 12 and Ohta et al.32 correlated cell size
and innervation field during the post-natal development, in order to explain
the continuous growth of the sensory neurons, months after hatching. It is
generally assumed that the control the periphery exerts on differentiating
ganglia is chemical in nature and is transmitted to the cell bodies by retrograde
axonal flow in peripheral nerve fibers 26,27,36,

Concerning the cytoplasmic constituents specifically, Fujita and Fujita 19,
Pannese 46:47 and Tennyson 57 studied the development of the various organelles
(RER, SER, Golgi complex) from the neuroblastic to the neuronal period, re-
porting a particularly intense increase in number of the mitochondria47. OQur
estimates regarding the organelle development of the cell body start during
the neuronal period. We observed an increase in the relative volume of RER
and Golgi complex during the incubation periods, a decrease in those of SER
and dense bodies, and no modification in mitochondria.

According to Pannese et al.44.45 the acetylcholinesterase (AChE) activity
increases considerably in the pseudounipolar nerve cell when compared to the
primitive neuroblast, being parallel to the development of RER and the Golgi
complex. AChE-activity in sensory ganglia cells could be considered as one
of the most important events characterizing their biochemical differentiation. A
relationship between the increase in AChE and the development of RER would
be supported by our morphometric data and Giacobini et al.’s 20 findings; they
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pointed out an activity raise from the 6th to the 12th day of incubation, a
progressive decrease to the minimum value by the time of hatching, and a
slight increase in the following two days.

The opposite bahavior of the RER and SER concerning the relative volume
could be dependent on the specific role of this kind of cell. The proteins
synthesized by the neuron would be greatly used for the biochemical turnover
of cell body constituents and of the axon16,17,26, QOn the other hand, the Nissl
bodies ergastoplasm differs cleary from that of the high-production protein-
-exporting gland cells. Palay and Palade 42 and Peters et al. 48 have reported
numerous free ribosomes among the ER-cysternae; the membrane-attached
ribosomes do not present a uniform distribution pattern along the cysternae
and it is not difficult to demonstrate a continuity of RER with SER in nerve
cells. More than 98% of the proteins of nerve endings would be synthesized
by RER, reaching the nerve endings by fast axonal flow 16.17,20 where SER
plays the most important role. The increase of relative volume and total surface
of SER in the cell body seems to emphasize this role.

As a consequence of the diffuse character and continuity with- RER and
cell surface, the SER would be the ideal structure for a fast spread of substances
from the site of their synthesis or capture. According to different authors
the proteins, glycoproteins, or phospholipids would be transported by the SER
from the cell body to the nerve endings 6.8,9,14,15,17,18,33,63,56, SER is involved
in the origin of microvesicles and the transport of substances to mitochondria
and axolemma (including the presynaptic plasma membrane 13:14,17) and from
the perikaryon towards the axon4. SER is also an important pathway for
substance transport from the nerve endings towards the cell body 3754, The
changes of relative volume of Golgi complex and RER are similar. The Golgi
complex of the nerve cell plays an important role in the synthesis of glyco-
proteins 5,25,38,41,55, (OQn the other hand changes of relative volume of mitochon-
dria are slight, when compared to the other constituents. Apparently the
mitochondria are distributed at random in the perikaryon among the Nissl
bodies in the so-called ‘Plasmastrassen’1 or ‘roads’ 7 where they seem to move 49,
probably aided by microtubuli and microfilaments3. These considerations

suggest uniform physiological role of mitochondria in different cell parts. Under
the designation ’dense bodies’ we can consider different structures such as

the lysosomal complex, melanin (neuromelanin) and lipofuscin-containing
pigment bodies; however, they are related to one another and to mitochondria,
Golgi complex and RER 48,

In sensory ganglia cells literature data refer to an age-associated increase
in lipofuscin bodies 21,35,52 and lysosomes 82 and the presence of very scarce
melanin granules 411, According to our findings the dense bodies in G. do-
mesticus showed a gradual and constant decrease of relative volume at least
for the period between the 10th day of incubation and the 120th post-hatching
day.
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SUMMARY

A cytomorphometric study was performed in lumbar spinal ganglia neurons
of Gallus domesticus on the 10th and 18th incubation days and 8th, 35th, 61st,
and 120th post-hatching days. The absolute volume of nucleus and relative
volume of cytoplasm were respectively estimated by the Bach2 caryometric
method and by point-counting volumetry, carried out in 0.5um thick araldite
sections. The relative volume, the surface-to-volume ratio and the total surface
of RER, SER, mitochondria, dense bodies, Golgi complex and the relative volume
of hyaloplasm inside and outside the Nissl bodies were estimated from
electronmicrographs by the Weibel et al. 58 method. The conclusions were:
a) there was an increase of the cell volume and a decrease of the nucleo-
cytoplasmic ratio, particularly between the first two ages; b) the relative
volumes of RER and SER change inversely with respect to each other: the
RER increases before hatching, decreasing progressively afterwards; the changes
of relative volume of dense bodies are similar to those of the RER, and the
mitochondria show relatively small variations concerning the same parameter;
c) the relative volume of hyaloplasm inside the Nissl bodies decreases while
those outside increases; d) the surface-to-volume ratio drops sharply for all
organelles from the 10th to the 18th day of incubation; after hatching, a
tendency to increase is observed; e) the membrane surface-to-cytoplasmic
volume ratio decreases for all organelles from the 10th to the 18th day of
incubation; after hatching, this ratio increases slightly for mitochondria and
Golgi complex, sharply for SER, dropping for dense bodies. The RER values
alternate regularly.

RESUMO

Estudo morfométrico sobre corpos de células nervosas de gdnglios espinais
lombares de Gallus domesticus antes e depois da eclosdo.

Foi realizado estudo citomorfométrico em neurb6nios de génglios espinais
lumbares de Gallus domesticus no 10¢ e 18¢ dias de incubacio e no 8°, 35° 61°
e 120° dias apos a eclosdo. Os volumes absoluto do nucleo e relativo do
citoplasma foram estimados, respectivamente, pelo método cariométrico de
Bachz e pela volumetria de contagem de pontos, em cortes de araldite de
0.5um. O volume relativo, a relagdo superficie/volume e a superficie total do
RER e SER, mitocondria, corpos densos, complexo de Golgi e volume relativo
de hialoplasma, no interior e fora dos corpos de Nissl, foram estimados a
partir de eletron-micrografias, pelo método de Weibel et al.58. As concluses
foram: a) Louve aumento do volume celular e diminui¢do da relacdo niicleo-
-citoplasmaética, particularmente entre as duas primeiras idades; b) os volumes
relativos do RER e SER variam inversamente, entre si: o RER aumenta antes
da eclosdo, decrescendo, apos, progressivamente; as variacdes do volume rela-
tivo dos corpos densos sio semelhantes aquelas do RER e as mitocdndrias
mostram relativamente, pequenas varia¢cGes, no que concerne ao mesmo pari-
metro; c¢) o volume relativo do hialoplasma no interior dos corpos de Nissl
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diminui, enquanto o situado no interior, aumenta; d) a relacdo superficie/vo-
lume decresce muito para todas as organmelas, do 10° para o 18° dia de incuba-
¢do; apls a eclosdo foi observada tendéncia 4 elevagdo; e) a relagido superficie
de membrana volume citoplasmatico cai para todas as organelas, do 10° para
o 18 dia de incubagdo; apds a eclosdo, esta relagdo diminui levemente para
mitocondrias e complexo de Golgi, fortemente para o SER, caindo, também,
para corpos denscs. Os valores do RER alternam-se, regularmente.

10.

11.
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14.
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