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Transmission electron microscope has been used to observe the gly

cogen body, the major marginal nuclei, the ventral margins of the lum

bosacral cord and the lower coccygeal cord of chickens in which large 
amounts of glycogen accumulate. 

The typical glycogen body cells are located in the classically de

scribed glycogen body. They have a dense, irregular-shaped nucleus and 

also a dense juxtanuclear cytoplasm containing numerous free ribosomes, 

and a rather long cisternae of the rough endoplasmic reticulum, as well 

as Golgi apparatus and mitochondria. Their cytoplasm is almost com

pletely occupied by large masses of sharply delimited glycogen. 

The glycogen body cells in the cervical and thoracic cords have· 

a round, light nucleus and a light cytoplasm containing the usual com

ponent of organelles. The interface between the glycogen areas and 

the juxtanuclear regions in more obscure than in the typical glycogen 
body cells. 

The glycogen containing cells located in the ventral margins and in 

the major marginal nuclei of the lumbosacral cord belong to the same 

structures as the typical or the other glycogen body cells. The cell 

structures of the above-mentioned glycogen containing cells seem to 

show a gradual transition according to glycogen content per cell. 

The glycogen containing cells located in the lower coccygeal cord 

are found throughout the entire areas of the cord. They contain a round 

nucleus and have a low electron density. The prominent cytoplasmic 

component of this cell is the numerous gliofilaments: these may be 

considered as fibrous astrocytes. 

INTRODUCTION 

The existence of large amounts of glycogen in the glycogen body and in the major 

marginal nuclei of the chicken spinal cord is a well known fact. The chicken glycogen 
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body has been regarded as a prominent egg-shaped mass restricted to the level of 
spinal nerves 26 to 29,25) although it extends rostrally and caudally into all levels of the 

spinal cord beyond the boundaries indicated above. Its rostral and caudal continuations 

mainly occupy the dorsal median region to the central canal!6,2S) Electron microscopic 

studies of the classically described glycogen body in the lumbosacral cord have been 

made by several workers,8,12,15,26) among whom SANSONE (1980) reported the fine structure 

of the glycogen body cell at all cord levels. 

The major marginal nuclei lie on each side of the spinal cord with a definitive 

segmental arrangement. They bulge out from the lateral border of the cord and the 

inner border merging gradually into the white substance of the cord. These nuclei 

amount to ten or eleven pairs which are located from the 23rd to 32nd or 33rd seg

ments. Glycogen is seen not only in the major marginal nuclei but also in the caudal 

two or three pairs of the minor marginal nuclei to the major nuclei.23) Up to now, 

electron microscopic studies of the major marginal nuclei in the chick have been reported 

only by DE GENNARO (1976), and DE GENNARO & BENZO (1978). 

Glycogen is also observed in the ventral margins of the lumbosacral cord/,8,16,17,23,26) 

and in the lower coccygeal cord.2S) 

These findings suggest that there are various glycogen containing cells in the chicken 

spinal cord. The present study was undertaken to elucidate and compare the structure 

of each glycogen containing cell in detail. 

MATERIALS AND METHODS 

Eight chickens, aged 3 days to 12 months, were deeply anesthesized with ehtyl 

ether and perfused through the left ventricle with aldehyde fixative buffered to pH 7.4 

with 0.1 M phosphate. The fixative used was either 3 % glutaraldehyde or 2 % glutaralde

hyde-2% paraformaldehyde. Following the perfusion, the spinal cord was removed from 
the vertebral canal, and freehand transverse slices were made and placed in cold fixa

tive for at least 2 to 3 hours. The samples were rinsed briefly in phosphate buffer 

and post-fixed for two hours in a 1% osmium tetroxide solution, buffered to pH 7.4 

with 0.1 M phosphate. The samples were next dehydrated in a graded series of ethyl 

alcohol solution and embedded in Epok 812. Semi thin sections stained with toluidine 

blue were cut for orientation of these samples. Thin sections were stained with uranyl 

acetate, lead citrate, lead acetate and lead nitrate, and then examined by an Hitachi 
H -500 electron microscope. 

RESULTS 

Glycogen body cells 

The typical, classically described glycogen body cells in the lumbosacral cord showed 

a rather dense nuclei and cytoplasm in the electron micrographs (figs. 1 & 2). The 
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glycogen body cells had only a few short processes. The nucleus was deeply infolded 

and highly irregular in outline, and it occupied a peripheral position (figs. 1 & 2). The 

cytoplasm was almost completely occupied with large dense masses of glycogen which 

were free of the usual cell organelles, with the possible exceptions of a few small clear 

membrane-limited vacuoles and membrane-bounded masses of glycogen. The interface 

between the glycogen masses and the juxtanuclear regions containing the usual organelles 

was clear (figs. 1 & 2). Usually occurring organelles were observed in the juxtanuclear 

regions and in the narrow, peripheral rim of the cytoplasm (figs. 1 & 2). In the narrow 

cytoplasmic rim, the organelles were composed of numerous free ribosomes, a few 

mitochondria and a few heterogenous lysosomes. In the juxtanuclear regions, numerous 

ribosomes, many in polysomal clusters, were distributed, and mitochondria were numerous 

or moderate in number and sometimes large in size. The rough endoplasmic reticulum 

consisted of rather long, flattened cisternae and occasionally formed the lamellar stacks 

of the cisternae (fig. 2). The Golgi appartus was well developed. Lysosomes were usually 

round or oval and homogenous, but were often heterogenous as well. Gliofilaments 

could not be recognized in most of the glycogen body cells, but rarely were observed 
as small bundles. 

The glycogen body cells in the cervical and thoracic cords were mainly distributed 

just dorsal to the central canal in the dorsal gray commissure and partly extended into 

the dorsal median septum (figs. ~3 & 4). The cell organelles, in general, resembled their 

counterparts described for similar cells in mammalsw and birds,1) with the exception of 

the densely packed glycogen granules. The nucleus and cytoplasm possessed a low 

electron density. The nucleus was round or oval with a prominent nucleolus (fig. 5). 

The glycogen content per cell was less than that of the typical glycogen body cell, 

and the interface between the glycogen areas and the juxtanuclear regions was also 

more obscure than typical glycogen body cells. Gliofilaments characteristically occurred 

in bundles but were not abundant. 

Major marginal nuclei 

The glycogen containing cells in the major marginal nuclei were distributed both 

in the protrusive parts and in the white substance parts (figs. 6 & 8). There was 

a greater variation in the glycogen content per each glycogen containing cell of the 

major marginal nuclei. The cells had many processes filled with glycogen granules. 

Located mainly in the superficial layer of the protrusive regions, the cells contained 

about the same amounts of glycogen as typical glycogen body cells. The nucleus, which 

was round to highly irregular in outline, displayed a dense matrix with one or two 

prominent nucleoli, and it was located in one pole of the cell. The cytoplasm was 

occupied by large masses of glycogen, and the usual organelles were restricted within 

the narrow juxtanuclear regions. A distinct contrast was observed between the glycogen 

masses and the glycogen-free juxta nuclear regions (figs. 8 & 9). The gliofilaments were 
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as few as the typical glycogen body cells (fig. 7). The clear membrane-limited vacuoles 

and membrane-bounded masses of glycogen were occasionally encountered in the midst 

of the densely packed glycogen granules (fig. 8). The cells located in the deeper layers 

of the protrusive portions and in the white substance portions were low in density with 

a round or oval nuclei. The gliofilaments were usually observed of the bundles (fig. 10). 
Golgi apparatus was fairly well developed, and the cisternae of rough endoplasmic reticu

lum were rather long in the glycogen containing cells located throughout the major 

marginal nuclei (fig. 10). Some glycogen containing processes in the protrusive portions 

appeared to be enveloped by eccentric layers of membrane forming a whorl (fig. 11). 

Another type of astrocytes was observed in the major marginal nuclei. These 

were distinguished by their low electron density of cytoplasm containing no glycogen 

(fig. 12). The cytoplasm was relatively wide and generally was scant of organelles. 

Cisternae of the rough endoplasmic reticulum were extensively dilated and contained 

amorphous materials with moderate electron density. Clusters of free ribosomes were 

sparcely distributed throughout the cytoplasm. Gliofilaments were diffusely distributed, 

but these filaments did not tend to occur in bundles. 

and clearer than that of the glycogen containing cell. 

The nucleus was round or oval 

This type of astrocytes was also 

observed in the minor marginal nuclei of the cervical and thoracic cords. 

Ventral margins of the lumbosacral cord 

In the ventral margins of the lumbosacral cord, large amounts of glycogen were 

seen at the level of the spinal cord including the classically described glycogen body. 
The highest concentration of glycogen in the ventral margins was found in the middle 

of the classical glycogen body level, and the glycogen concentration decreased gradually 

rostral and caudal from the above-mentioned level. In the middle of the classical glyco

gen body level, the ventral margins consisted of several layers of the cell bodies, and 

the processes contained large amounts of glycogen (fig. 13). Glycogen containing cells 

were also located among the myelinated fibers in the superficial layer of the ventral 

funiculi. The glycogen containing cells resembled the glycogen body cells in the cervical 

and thoracic cords. The nuclei and cytoplasm had generally a low electron density, 

but a few cells were high in electron density (fig. 14). At the rostral and caudal levels 

of the glycogen-rich ventral margins, the glia limitans was about similar to the structures 

of the other spinal cord level. Moreover, numerous glycogen granules were observed 
in the cell bodies and their processes including the glia limitans processes (fig. 15). 

Small amounts of glycogen occasionally appeared in the glia limitans processes 

through the other cord level (fig. 16). 

Lower coccygeal cord 

There were large accumulations of glycogen in whole areas of the lower coccygeal 

cord (fig. 17). The glycogen containing cells of the lower coccygeal cord showed rather 
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low electron density with a round or oval nucleus. The prominent cytoplasmic com

ponents of these cells were the numerous glifilaments and the densely packed glycogen 

granules (fig. 19). The cells had many long processes whose cytoplasm contained nu

merous glifilaments, glycogen granules and mitochondria (figs. 18 & 19). There were 

occasionally clear membrane-bounded vacuoles and membrane enveloped glycogen masses 

in the midst of the glycogen masses (fig. 18). With the exception of the mitochondria, 

the usual organelles were mainly confined to the juxtanuclear region. 

Small to moderate amounts of glycogen were occasionally seen in the synaptic ter

minals of the cervical and thoracic cords in which the a-particles of glycogen occupied 

relatively large areas (fig. 20). 

DISCUSSION 

In the present study, it was noted that the ultrastructure of the classically described 

glycogen body was essentially similar to that of other descriptions.8 ,12,15,11,26) The glycogen 

containing cells, including the glycogen body cells in the cervical to lumbosacral cords 

and the cells located in the ventral margins and the major marginal nuclei of the 

lumbosacral cord, were considered to be a special type of astrocytes. The cell structures 

seemed to show a successive transition according to the glycogen content per cell. The 

structures of the cells containing small amounts of glycogen were similar to the usual 

astrocytes found in birds1l or mammals.Hl As the cells contain more glycogen, the 

nucleus is located peripherally, most of the organelles are concentrated in the juxtanuclear 

regions and the cytoplasm is largely occupied by the densely packed glycogen. The 

demarcation between the juxtanuclear cytoplasmic regions and the glycogen areas is 

obvious. Furthermore, the cells with large amounts of glycogen had high electron 

density with a nucleus of highly irregular outline. The nucleus was peripherally located 

with the cytoplasmic organelles located in juxtanuclear positions. The rough endoplasmic 

reticulum was well developed, and its rather long cisternae or the stack of cisternae 

tended to be arranged in a circumferential manner around the nucleus. The free 

ribosomes were distributed densely through the juxtanuclear regions. These successive 

transitions of the cell structures are in agreement with the changes which occur in the 

developing glycogen body cells. IO) 

According to MATSULIONIS (1972), aVIan glycogen body ribosomes may contain 

cellular entities which are most closely related to glycogen synthesis. On the basis of 

morphological findings, some authors have suggested that the specified organelles may 

play some i~timate role in glycogen metabolism,I°,2iJ although other authors have not 

observed these close topographic relationships.5,22) In the present study, the topographic 

relations of glycogen accumulations to specified organelles were not observed in the cells 

heavily laden with glycogen. 

The glycogen body cells and the cells located in the major marginal nuclei of the 
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lumbosacral cord had highly irregular-shaped nuclei. Studies have shown that the 

epithelium lining a distal segment of the tubuli recti in the guinea-pig stores large 

amounts of glycogen in which a comparable amount of glycogen with the chicken 

glycogen body cell is contained. The nucleus of those epithelial cells is also deeply 

iBfolded and irregular in outline!> Generally, nuclei of elaborate shape occur in long 

and fully differentiated cells that are metabolically very active, but nuclear lobulation 

may occur in end-stage cells in which protein synthesis is minimal.S) The typical gly

cogen body cells are metabolically inactive.S) Therefore, the significance of the highly 

irregular shape of the nuclei in abundant glycogen containing cells remains unexplained. 

One possibility, however, is that the cells laden heavily with glycogen, such as the typical 

glycogen body cells and the glycogen containing cells in the major marginal nuclei, 

possess a remarkably different nature or role from the usual astrocytes. 

The functional role of abundant glycogen located in the cervical to lumbosacral 

cords of chickens has been unknown up to now. The presence of abundant glycogen 

in the central nervous system is a characteristic feature of the lower vertebrates includ

ing birds.9,13,18,28l In the synaptic terminals, numerous glycogen granules were occasionally 

found in the present materials. This might also be a characteristic feature of the 

central nervous system in the lower vertebrates. Although in the adult mammalian 

central nervous system glycogen occurs in small amounts/,m some regions of the brain 

are known to contain considerable amounts of glycogen/9- 2D and particularly in rat 

brain glycogen, the highest concentration occurs in the medulla and the lowest in the 

hypothalamus.1D The functional role of glycogen is only insufficiently explained as it 

relates to the central nervous system of all vertebrates. Thus comparative anatomical 

and physiological researches of glycogen located in the central nervous system of 

different vertebral classes are important in order to resolve the functional relationships 

between the glycogen accumulation and the metabolism of the neurons in the chicken 

spinal cord. 

The large accumulation of glycogen in the chicken lower coccygeal cord has been 

studied histochemically in our previous experiments.23) In comparison with other glyco

gen containing cells, those of the lower coccygeal cord are abundant in the gliofilaments 

and in the long processes, and they have fewer glycogen granules. They are thus 

considered as fibrous astrocytes. In the chicken lower coccygeal cord the gray matter 

is obscure or disappears. The nerve cell bodies are few, and in the last coccygeal 

segment it is difficult to see any nerve cell bodies. The myelinated and unmyelinated 

fibers also decrease continuously in number throughout the cord.24
) In contrast with 

f 

the decrease of the neuronal elements, the regions which are occupied by the glycogen 

containing cells are relatively increased throughout the cord. The significance of the 

glycogen accumulation in the lower coccygeal cord remains obscure, but some evidence 
suggests that the glycogen containing cells in the lower coccygeal cord may play a 
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different function from that of the glycogen body cells. 

In the major marginal nuclei many glycogen containing cells and a few glycogen

free cells were observed. The prominent cytoplasmic components of the glycogen-free 

cells were the gliofilaments and the remarkably dilated rough endoplasmic reticulum. 

The gliofilaments varied in quantity. Although some of the cells possessed a large 

number of filaments, the latter did not tend to occur in bundles as they do in astrocytes 

in other regions. We therefore postulated that the glycogen-free glial cell may be an 

immature or regressive astrocyte. 

ACKNOWLEDGEMENTS 

The authors are grateful to Mrs. Junko NAKATSUKA for her technical assistance 

1ll the preparation of this manuscript. 



8 UEHARA, M. et a1. 

REFERENCES 

1) DE GENNARO, L. D. (1976): Ultrastructural characterization of the accessory 

lobes of Lachi (Hoffmann's nuclei) in the nerve cord of the chick I. Axo-glial 

synapses J. Exp. Zool., 198, 97-108 

2) DE GENNARO, L. D. & BENZO, C. A. (1978): Ultrastructural characterization of 

the accessory lobes of Lachi (Hofmann's nuclei) in the nerve cord of the chick 

n. Scanning and transmission electron microscopy with observations on the 

glycogen J. Exp. Zool., 206, 229-240 

3) FA'VCETT, D. W. (1981): Nucleus In: The Cell, 195-302, Philadelphia, London, 

Toront: W. B. Saunders 

4) FA WCETT, D. W. & DYM, A. (1974): A glycogen-rich segment of the tubuli 

recti and proximal portion of the rete testis in the guinea-pig J. Reprod. Fertil., 
38, 401-409 

5) HAGER, H., LUH, S., RuscAKovA, D. & RuscAK, M. (1967): Histochemische, 

elektronenmikroskopische und biochemische Untersuchungen tiber Glykogenan

haufung in reaktive veranderten Astrozyten der traumatisch ladierten Sauger

grosshirnrinde Z. Zellforsch., 83, 295-320 

6) LERVOLD, A. M. & SZEPSENWOL, J. (1963): Glycogenesis in aliquots of glycogen 

bodies of the chick Nature (Lon d.), 200, 81 

7) L YSER, K. M. (1972): The fine structure of glial cells in the chicken J. Compo 

Neurol., 146. 83-94 

8) LYSER, K. M. (1973): The fine structure of the glycogen body of the chick 

~4cta Anat., 85, 533-549 

9) MASAI, H. (1960): Comparative neurobiological studies on the glycogen distri
bution in the central nervous systeIn of subInaInInals Yokohama A1ed. Bull., 12, 

239-260 

10) MATULIONIS, D. (1972): Analysis of the developing avian glycogen body. 1. 

Ultrastructural morphology J. l'V[orphol., 137, 463-482 

11) MRSULJA, B., TERZIC, M. & V ARAGIC, V. M. (1968): The effect of physostig

mine and neostigmine on the concentration of glycogen in various brain struc
tures of the rat J. Neurochem., 15, 1329-1333 

12) PAUL, E. (1973): Histologische und quantitative Studien am lumbaren Glykogen

korper der Vogel Z. Zellforsch., 145, 89-101 

13) PEARSON, R. & PEARSON, L. (1976): General metabolic considerations In: The 

Vertebrate Brain, 6-23, London, New York, San Francisco: Academic Press 

14) PETERS, A., P ALA Y, S. L. & WEBSTER, H. DEF. (1976): The neuroglial cells In: 

The Fine Structure of the Nervous SysteIn. The Neuron and Supporting Cells, 

231-263, Philadelphia, London, Toront: W. B. Saunders 

15) REVEL, J. P. & NAPOLITANO, L. (1960): The fine structure of the glycogen body 
Anat. Rec., 136, 264 

16) SANSONE, F. M. (1977): The craniocaudal extent of the glycogen body in the 

domestic chicken J. A1orphol., 153, 87-106 



Fine structure oj glycogen containing cells 

17) SANSONE, F. M. (1980): An ultrastructural study of the craniocaudal continua

tion of the glycogen body Ibid., 163, 45-58 

18) SCHONBACH, C. (1969): The neuroglia in the spinal cord of the newt, Triturus 

viridescens J. Compo Neural., 135, 93-120 

19) SHIMIZU, N. & HANDA, J. (1953): Histochemical studies on the brain glycogen 

of the guinea-pig affected by histamine shock i1{ed. J. Osaka Univ., 3, 579-589 

20) SHIMIZU, N. & KUBO, Z. (1957): Histochemical studies on brain glycogen of the 

guinea pig and its alteration following electric shock J. Neuropath. Exp. Neurol., 

16, 40-47 

21) SHIMIZU, N. & KUMAMOTO, T. (1952): Histochemical studies on 'the glycogen 

of the mammalian brain Anat. Rec., 114, 479-498 

22) TAKEUCHI, T. (1972): Cytoplasmic matrix In: Saibogaku Taikei, 1-14, vol. 2 

Ed. OGAWA, W. aDA, T., KUROZUMI, K. & SUGINO, S., Tokyo: Asakura Syoten 

(in Japanese) 

23) UEHARA, M. & UESHIMA, T. (1982): Extent of the glycogen body and the gly

cogen content of the chicken spinal cord Jpn. J. Vet. Sci., 44, 21-38 

24) UEHARA, M. & UESHIMA, T. (1982): Electron microscopic studies of the lower 

coccygeal cord in the chicken Bull. Fac. Agric., Tottori. Uniz.·., 34, 30-36 (in 

Japanese) 

25) \VATTERSON, R. L. (1949): Development of the glycogen body of the chick 

spinal cord. 1. Normal morphogenesis, vasculogenesis and anatomical relation

ships J. AIOlphol., 85, 337-390 

26) WELSCH, U. & WACHTLER, K. (1969): Zum Feinbau des Glykogenkorpers im 

Rtickenmarkes der Taube Z. ZellJorsch., 97, 160-168 

27) WOLFF, H. (1968): Histochemische und elektronenmikroskopische Beobachtun

gen tiber die Glykogenverteilung im Hypothalamus einiger Winterschlafer. (Mit 

Quantitativen Bemerkungen) Ibid., 88, 228-261 
28) ZAMORA, A. J. (1978): The ependymal and glial configuration in the spinal cord 

of Urodeles Anat. Embryol., 154, 67-82 

9 



EXPLANATION OF PLATE 

PLATE I 

Fig. 1 Electron micrograph of the typical and classically described 

glycogen body cells in the lumbosacral cord. Notice the 

high electron density of the nucleus and juxtanuclear cyto

plasm. Glycogen granules are almost missed. 3-day-old 

chicken x 9,300 

Fig. 2 Electron micrograph of the classically described glycogen 

body cells. Notice the long cisternae of rough endoplasmic 

reticulum. Glycogen granules are almost missed. 3-day-old 

chicken x 12,000 

Fig. 3 Light mIcrograph of semithin transversal section of the 
glycogen body in the thoracic cord. 1oo-day-old chicken 

Toluidine blue X 300 

Fi~. 4 - Low magnification electron micrograph of the glycogen body 

in the thoracic cord. loo-day-old chicken X 5,200 
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PLATE II 

Fig. 5 Electron micrograph of the g ycogen body cell III the tho
racic cord. 75-day-old chicken X 8,800 

Fig. 6 Light micrugraph uf semi thin section of the protrusive por

tion of the major marginal nucleus. The protrusive portion 

is essentially constituted of large nerve cell bodies and gly

cogen containing cells. Toluidine blue 300-day-old chicken 

X 520 

Fig. 7 Electrun micrograph of a glycogen containing cell in the 

protrusive portion of the major marginal nucleus showing 
the gliofilaments. 103-day-old chicken X 29,400 

Fig. 8 Low magnification electron micrograph of the major mar

ginal nucleus. Upper right side is the protrusive portion 
and lower left side is the white substance portion. 6-day-old 

chicken X 4,400 

Fig. 9 Electron micrograph of the glycogen containing cells in the 

protrusive portion of the major marginal nucleus. Notice 

the irregular shaped nucleus. 103-day-old chicken X 12,000 
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PLATE III 

Fig. 10 Electron micrograph of the glycogen containing cell in the 

white substance portion of the major marginal nucleus. 

Notice the long cisternae of rough endoplasmic reticulum 

and the oval nucleus. 103-day-old chicken X 9,600 

Fig. 11 Electron micrograph of the protrusive portion of the major 
Illarginal nucleus showing a glycogen containing cell pro

cess enveloped by concentric layers of membrane forming 

a whorl. 6-day-old chicken X 22,000 

Fig. 12 Electron micrograph of the glycogen-free glial cell in the 

major marginal nucleus. 6-day-old chicken X 6,600 

Fig. 13 Light Illicrograph of seIllithin transversal section through 
the middle of the classically described glycogen body level 

showing the ventral margin of the spinal cord. 103-day-old 

chicken Toluidine blue X 400 

Fig. 14 Electron micrograph of the glycogen containing cell in the 

ventral margin of the lumbosacral cord through the middle 

of the classically described glycogen body level. 75-day-old 

chicken X 12,000 
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PLATE IV 

Fig. 15 Electron micrograph of the ventral margm of the spinal 

cord through the rostral part of the classically described 

glycogen body. 160~day~old chicken X 8,400 

Fig. 16 Electron micrograph of the glia limitans processes located 

in the thoracic cord. 160-day-old chicken X 16,400 

Fig. 17 Light micrograph of semithin transversal section through 

segment 40. 50-day-old chicken Toluidine blue X 160 

Fig. 18 Electron micrograph of the superficial layer of the lower 

coccygeal cord. 160-day-old chicken X 12,000 

Fig. 19 Electron micrograph of the glycogen containg cell m the 

lower coccygeal cord. 160-day-old chicken X 9,600 

Fig. 20 Electron micrograph showing an accumulation of glycogen 

particles in the synaptic terminal. 300-day-old chicken 

X 32,000 
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