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Ultrastructural changes in the gracile nucleus 
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Summary. The present study describes the structural 
changes in the gracile nucleus of the spontaneously 
diabetic BB rat. At  3-7 days post-diabetes, axons, 
axon terminals and dendrites showed electron-dense 
degeneration. Degenerating axons were characterized 
by swollen mitochondria, vacuolation, accumulation 
of glycogen granules, tubulovesicular elements, 
neurofilaments and dense lamellar bodies. Degenerating 
axon terminals consisted of an electron-dense cytoplasm 
containing swollen mitochondria, vacuoles and 
clustering of synaptic vesicles. These axon terminals 
made synaptic contacts with cell somata, dendrites and 
other axon terminals. Degenerating dendrites were 
postsynaptic to normal as well as degenerating axon 
terminals. At 1-3 months post-diabetes, degenerating 
electron-dense axons. axon terminals and dendrites 
were widely scattered in the neuropil. Macrophages 
containing degenerating electron-dense debris were 
also present. At 6 months post-diabetes, the freshly 
degenerating neurona1 elements encountered were 
similar to those observed at 3-7 days. However, there 
were more degenerating profiles at 6 months post- 
diabetes compared to the earlier time intervals. 
Terminally degenerating axons were vacuolated and 
their axoplasm appeared amorphous. It is concluded 
that degenerative changes occur in the gracile nucleus 
of the spontaneously diabetic BB rat. 
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lntroduction 

The spontaneously diabetic «BB» rat was discovered 
in 1974 by Drs. Reginald and Clifford Chappel at the Bio 
Breeding Laboratories (Ottawa, Canada). Since its 
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discovery, metabolic and morphologic changes in the 
islets of Langerhans in the pancreas have been reported 
(Nakhooda et al., 1977, 1978; Marliss et al., 1982). 
Proximal motor neuropathy involving the ventral spinal 
roots has been described in the spontaneously diabetic 
BB rat (Sima and Thibert, 1982). Peripheral autonomic 
neuropathy has also been described in both the 
parasympathetic and sympathetic nerves (Yagihashi and 
Sima, 1985a,b, 1986a,b). Recently , Sima and Yagihashi 
(1986) showed ultrastructural changes in the central 
sensory n e n e  fibres of the gracile tract in the same 
species of animal. Ultrastructural findings included an 
early-occurring malorientation of the axoplasmic 
neurofilaments, axonal sequestration by honeycombing, 
and ensuing progressive axonal atrophy. However, as 
information on the ultrastructural changes in the gracile 
nucleus of the spontaneously diabetic BB rat is lacking, 
the present study was undertaken. A brief account of this 
work has been reported previously (Tay et al., 1988). 

Materials and methods 

Animals 

Prediabetic male BB rats were obtained from Health 
Protection branch, Health and Welfare Canada, Ottawa, 
Ontario (courtesy of Dr. P. Thibert). Al1 animals were 
placed in individual cages and given rat chow and water 
ad libitum. Urine volume and urine glucose were 
monitored daily. Onset of diabetes was determined at 
blood glucose concentration of 400 mg/dL or more. 
Diabetic rats developed diabetes at mean age of 92 + 8 
days and were subsequently treated daily with a small 
dose (0.5 - 3.0 U) of protamine zinc insulin. These 
animals were maintained at fasting hyperglycaemic 
levels between 300 and 350 mg/dL throughout the period 
of study. Blood glucose levels were determined on tail 
vein blood using Glucostix and an Ames glucometer 11 
(Miles Laboratories, Elkhart, Indiana). Groups of 4 
diabetic rats were killed by perfusion at 3 and 7 days, and 1, 
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3 and 6 months post-diabetes. Age- and sex-matched also numerous glial cells with their characteristic 
non-diabetes-prone Wistar rats served as controls. clumping of chromatin materials in their nuclei. 
Control animals showed fasting blood-sugar levels 
ranging from 80-120 mg1dL. 3 days post-diabetes 

Electron Microscopic techniques As early as 3 days post-diabetes, numerous axons, 
axon terminals and dendrites showed electron-dense 

At  time of killing, each animal was anaesthetized degeneration. Degenerating axon terminals were 
with sodium pentobarbital (50 mglkg body wt) and characterized by an electron-dense cytoplasm containing 
perfused with 300 m1 of fixative (3% glutaraldehyde swollen mitochondria and clustering of synaptic vesicles 
and 2% paraformaldehyde) in 0.1M cacodylate buffer (Figs. 3, 4). Very often, degenerating axon terminals 
(pH 7.4). The brain stem was carefully dissected out and lay in close apposition to cell somata (Fig. 3) or 
immersed in a fresh solution of fixative and kept at 4O C dendrites (Figs. 4, 5). Degenerating axons are present 
overnight. The next morning, the area containing the in both myelinated and unmyelinated profiles. These 
gracile nucleus was trimmed under a stereo-microscope. degenerating profiles were identified by the presence 
Thin slices containing the gracile nucleus were placed in of swollen mitochondria, vacuolations, accumulation 
ice cold 0.1M cacodylate buffer (pH 7.4) containing 5% of glycogen granules, tubulovesicular elements, 
sucrose. After two changes of buffer at intervals of 10 neurofilaments and dense lamellar bodies (Fig. 6). 
min, the tissue slices were post-fixed in 1% osmium Degenerating dendrites were characterized by an 
tetroxide (containing 1.5% potassium ferrocyanide) for electron-dense cytoplasm containing cisternae of 
2 h at 4" C. The tissue blocks were dehydrated in an endoplasmic reticulum and mitochondria; most of 
ascending series of ethanol and then embedded in these profiles were postsynaptic to normal as well 
Araldite. as degenerating axon terminals. 

Semithin sections (1 pm thick) were cut on a Reichert 
OMU4 ultramicrotome and stained with 1% methylene 7 days post-diabetes 
blue. Selected areas were trimmed for ultrathin sections, 
which were stained in uranyl acetate and lead citrate and At this stage, numerous degenerating electron-dense 
examined in Philips 400T and JEOL 1200 CX electron axon terminals were encountered in the neuropil of the 
microscopes. gracile nucleus. Each degenerating axon terminal was 

identified by its small agranular synaptic vesicles and 
Results swollen mitochondria in an electron-dense cytoplasm 

(Figs. 7, 8). Most of these degenerating axon terminals 
Control animals were still in synaptic contacts with dendrites (Fig. 7) or 

other axon terminals. Myelinated axons showed both 
The neurons of the gracile nucleus showed variations electron-dense as well as electron-lucent forms of 

in granularity of the Nissl bodies, and in size and degeneration (Fig. 9). Degenerating electron-dense 
shape of the cell body. On  closer examination, two myelinated axons usually showed an electron-dense core 
types of neurons (based on size and shape) could be in the process of being detached from the myelin sheath, 
distinguished: the preponderant medium-sized neurons, and an accumulation of mitochondria. Some swollen 
which had an average size of 22 x 15 pm, and the small myelinated axons showed an amorphous cytoplasm with 
neurons, which had an average size of 12 x 8 pm. The unidentifiable remnants (Fig. 10). Unaffected axons and 
medium sized neurons had a round or oval nucleus axon terminals were randomly distributed amongst the 
containing a conspicuous nucleolus (Fig. 1). The affected degenerating profiles. 
cytoplasm displayed well-developed paranuclear Golgi 
apparatus, widely distributed cisternae of rough 1 month post-diabetes 
endoplasmic reticulum and a variable number of 
lipofuscin granules (Fig. 1). The dendrites generally had Swollen axon terminals (characterized by 
a smooth outline identifiable for their pale cytoplasm accumulation of mitochondria and small agranular 
with neurotubules, profiles of endoplasmic reticulum synaptic vesicles) were commonly seen at this stage 
and mitochondria. The small neurons had a smoother (Fig. 11). Most of the affected axon terminals appeared 
contour and a deeply infolded nucleus (Fig. 2). The to be unusually enlarged, containing the characteristic 
scanty cytoplasm contained a small Golgi apparatus, organelles that identified them specifically. Severa1 
isolated profiles of rough endoplasmic reticulum and a degenerating myelinated and unmyelinated axons were 
few lipofuscin granules. The neuropil of the gracile scattered amongst the degenerating axon terminals and 
nucleus showed wide variations in the diameters of the dendrites. Macrophages started to infiltrate into the 
axons, axon terminals and dendrites (Figs. 1, 2). Axon neuropil and were usually found near the degenerating 
terminals established synapses with the neuronal profiles. Each macrophage was characterized by a large 
somata, the dendrites as well as the axon terminals. irregular nucleus, with randomly dispersed chromatin 
Synaptic glomeruli were also commonly encountered. materials (Fig. 12). In most of the macrophages seen at 

I Interspersed amongst the neurona1 profiles, there were this stage, a lot of electron-dense debris was found in 
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