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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 2 8 , 5 9 , 6 0 , 6 1 . T w o different regions 
(ventrolateral and dorsomedial) can be described in the ganglion whose cells 
present distinct morphological, as well as functional features 2 2. Similar aspects 
are described in humans by McKinniss 3 4 . 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 , 1 0 , 2 4 , 4 2 , 5 0 , 5 1 ^ 

as well as their differentiation in G. domesticus 4 3 , 4 6 , 5 7 : U p 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 2 6 . 

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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M A T E R I A L A N D M E T H O D S 

L u m b a r spinal g a n g l i a of G. domesticus ( H y b r o ) on the 10th and 18th d a y s of 
incubat ion and 8th, 35th, 61st and 120th pos t -ha t ch ing d a y s w e r e used . T h e gangl ia 
v/ere r e m o v e d f r o m the hatched ch icks immed ia te ly af ter e ther anesthes ia and f r om 
the e m b r y o s a f ter decapi tat ion . Gang l ia f r a g m e n t s w e r e f i x e d b y 2 .0% g lu tera ldehyde 
in O.IM c a c o d y l a t e bu f f e r ( p H 7.2; 480 m O s m ) até 4 . 0 C f o r 2h and p o s t f i x e d f o r 
l h b y 1 % o s m i u m te t rox ide in 0.05M phosphate b u f f e r w i t h 123 m g / m l sucrose at 
<ioC. A f t e r a q u i c k r inse in phosphate buf fer , the f r a g m e n t s w e r e d e h y d r a t e d with 
c thano lpropy lene o x i d e and e m b e d d e d in araldi te . 

T h e d iameter o f 200 nuclear transect ions ( f o r each an imal ) o f spinal gang l ia 
neurons w e r e measured with a f i lar m i c r o m e t r i c eyep iece ( K p l x 8 , w i t h an oi l immers ion 
o b j e c t i v e xlOO) in O.S^m methy lene b lue — azur I I stained sec t ions *. Cons ider ing 
the neuron nuclei as hav ing a spher ica l shape , the mean rad ius w a s est imated b y the 
Bach 2 m e t h o d . T h e c o r r e s p o n d i n g numer ica l p r o c e s s i n g s w e r e p e r f o r m e d b y a su i tab ly 
p r o g r a m m e d HP-9810A e lectronic ca lculator . T h e abso lu te nuc lear v o l u m e s w e r e f inal ly 
obta ined f r o m the f o r m u l a f o r the sphere . 

T h e relat ive v o l u m e o f c y t o p l a s m w a s evaluated in 100 m i c r o s c o p i c f ie lds f o r each 
animal , c o u n t i n g po in ts l y i n g o n nuclei and c y t o p l a s m w i t h a Ze iss 100-point in te 
g r a t i n g ( K p l x 8 ) and oi l i m m e r s i o n ob j e c t i ve (xlOO). T h e s e data and those of the 
nuclear v o l u m e enabled u s t o obta in the abso lute c y t o p l a s m i c v o l u m e . 

T h e ultrastructural m o r p h o m e t r i c evaluat ions w e r e carr ied o u t us ing an 84-segment 
text s y s t e m (based on W e i b e l et al.rvs) s u p e r i m p o s e d in t w o o r t h o g o n a l d i rec t i ons on 
20 e l e c t ronmic ropho tographs ** (x21,000) f o r each animal , taken at r a n d o m over the 
g a n g l i a f ragments . 

T h e data obta ined b y c o u n t i n g o f po ints on c y t o p l a s m i c const i tuents ( R E R , S E R , 
mitochondr ia , dense bod i es , Oo lg i c o m p l e x and h y a l o p l a s m ins ide and outs ide the 
NissI b o d i e s ) and intersect ions w i t h contours o f t ransected o rgane l l e m e m b r a n e s enabled 
us t o est imate the relat ive vo lume ( V . ) o f these const i tuents , the sur face - t o -vo lume 

VI 
ratio ( s / v ) and the total sur face (S ) o f the organe l les . . T h e f o l l o w i n g formulas 

1 i t o t 

were u s e d : 
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were P . = di f ferential c o u n t i n g o f p o i n t s ; P^ = total n u m b e r o f p o i n t s ; N . == n u m b e r 
o f intersect ions over transected organe l l e m e m b r a n e s ; Z — en largement f a c t o r ; S^. ~ 
sur face d e n s i t y ; V = c y t o p l a s m i c abso lu te vo lume . 

T h e mean values of 3 spec imens used for each a g e are presented in t a b l e 1. 

* P e r f o r m e d in a Ul t ra tome L K B u i t ramicro tome , donated b y the F A P E S P ( P r o 
cesso 70/1445). 
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R E S U L T S 

T h e est imated da ta are presented in T a b l e 1 and , g raph i ca l ly in f i gures 1 and 2. 
T h e changes of the h is to log ica l character is t i cs observed in o u r mater ia l are s imi lar 
to those observed b y H a m b u r g e r and Lev i -Monta l c in i 2 2 . On the 18th d a y o f incubat ion 
the t w o until then d ist inct g r o u p s o f neurons are a l ready in terming led , s h o w i n g 
d i f f e rent sizes and s ta in ing intensit ies ( F i g . 3 ) . As o n e can see in tab le 1 and f i gure 1, 
the mean cell v o l u m e increases constant ly , part i cu lar ly be tween the 1st and the 
2nd ages k e e p i n g the f o l l o w i n g p r o p o r t i o n s a m o n g themse lves : 1.0 : 13.5 : 12.5 : 24.1 
: 23.8 : 30.2, respec t ive ly on the 10th and 18th d a y s o f incubat ion and on the 8th, 
35th, 61st, and 120th p o s t - h a t c h i n g d a y s . A part i cu lar ly intense increase b e t w e e n the 
1st and the 2nd a g e s w a s observed f o r the re lat ive a n d the a b s o l u t e c y t o p l a s m i c 
vo lume . T h e var iat ions o f nuclear v o l u m e o c c u r r e d a c c o r d i n g t o the f o l l o w i n g p r o p o r 
t i o n s : 1.0 : 3.5 : 2.4 : 3.5 : 3.0 : 2.6. T h e nuc lear c y t o p l a s m i c rat io decreased u n i f o r -
m e l y : 16.3 : 3.1 : 2.2 : 1.7 : 1.4 : 1.0. 

T h e e l e c t ronmicros cop i c m o r p h o m e t r i c s t u d y s h o w e d an increase o f re lat ive v o l u m e 
o f R E R and a decrease of S E R immedia te ly b e f o r e hatch ing . L a t e r on , the re lat ive 
vo lume o f S E R ( e x c e p t on the 120th d a y ) increased and those o f R E R decreased . 
E x c e p t f o r the 1st age , the abso lute v o l u m e o f R E R presented re lat ive ly smal l 





var iat ions , d e c r e a s i n g s l i gh t l y o n the 120th d a y (8 ± 0.8 — 459 ± 76 — 473 ± 152 — 

514 ± 134 — 518 ± 205 — 496 ± 62 ^ m S ) . On the o ther hand, the abso lu te v o 

l u m e o f S E R increased dramat i ca l ly (20 ± 5 — 213 ± 101 — 224 ± 125 — 579 

± 46 — 1,574 ± 218 — 1,478 ± 345 ^ m 3 ) . T h e re lat ive v o l u m e o f G o l g l c o m p l e x 

decreases f r o m the 2nd to the 4th a g e , then b e c o m i n g stable . T h e m i t o c h o n d r i a 

( excep t f o r the 120th d a y ) and d e n s e b o d i e s s h o w a progress ive decrease o f the 

same parameter . 

T h e behav ior o f the h y a l o p l a s m ins ide and outs ide the Niss l b o d i e s w i t h respec t 

to re lat ive v o l u m e is the o p p o s i t e ; w i t h the except i on o f the 10th d a y o f incubat ion , 

t h e re lat ive v o l u m e o f Niss l h y a l o p l a s m d r o p s , w h i l e t h e abso lute v o l u m e o f th is 

const i tuent g r o w s unti l the 35th day , dec reas ing s l i ght ly a f t e rwards (194 ± 4 — 4,575 

± 346 — 3,987 ± 189 — 7,882 ± 754 — 7,544 ± 344 — 7,252 ± 1,228 ^ m 3 ) . T h e 

sur face - t o -vo lume rat io d r o p s sharp ly f o r all o rgane l l es f r o m the 10th to the 18th 

d a y o f incubat ion . A f t e r hatching , a t e n d e n c y to increase w a s observed . To ta l sur face 

a l so g r o w s sharp ly b e t w e e n the f i rs t t w o ages . Intense g r o w t h o f total sur face of 

S E R on the 61st and 120th d a y is o b s e r v e d , t o g e t h e r wi th a s l i ght increase o f 

those o f dense b o d i e s and n o n e o f R E R b e t w e e n the last t w o ages , in spite o f the 

great increase o f the abso lute c y t o p l a s m i c v o l u m e . H o w e v e r , the changes in total 

sur face can b e bet ter u n d e r s t o o d in t e r m s o f var iat ions o f the m e m b r a n e s u r f a c e - t o -

- c y t o p l a s m i c v o l u m e rat i os ( S A 7 V ) ( tab l e 2 ) . T h e s e sequences s h o w a decrease o f 
tot 

m e m b r a n e / ^ m 3 of c y t o p l a s m f r o m the 10th t o the 18th d a y s o f incubat ion . A f t e r 

hatching , the rat io increases f o r mi tochondr ia , Go lg i c o m p l e x , and part i cu lar ly f o r 

S E R , in the last t w o ages , w h i l e it decreases f o r d e n s e b o d i e s and alternates f o r R E R 

a c c o r d i n g t o the p r o p o r t i o n 1.5 : 1.1. 




