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Session Objectives 

 Provide a broad (though brief) anatomic review for 
the spinal cord, ganglia, and nerves 
 

 Review recommended practices for collecting and 
processing spinal cord, ganglia, and nerves 
 

 Explore the principal structural lesions and artifacts 
that occur in the spinal cord, ganglia, and nerves 



Part I: 
 

Anatomy of 
the Spinal Cord and  

Peripheral Nervous Systems 



Organization of the  
Central Nervous System 



Distribution of the Somatic 
Peripheral Nervous System 



Distribution of the Autonomic 
Peripheral Nervous System 



Toxicol Pathol 40: 624-636, 2012 

Spinal Cord – Regional Differences 

Cervical  Lumbar 



Toxicol Pathol 40: 624-636, 2012 

Spinal Cord – Landmarks (Cervical) 
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Toxicol Pathol 40: 624-636, 2012 

Spinal Cord – Ascending Tracts 
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Presentation Notes
Blue = sensory

Fasciculus cuneatus = sensory information from fore limbs
Fasciuclus gracilis = sensory information from hind limbs



Toxicol Pathol 40: 624-636, 2012 

Spinal Cord – Descending Tracts 
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Toxicol Pathol 40: 624-636, 2012 

Spinal Cord – Bidirectional Tracts 
dorsolateral 
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medial  
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fasciculus 
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Presentation Notes
Bidirectional pathways mainly for local circuit integration (within a couple of cord segments)

Dorsolateral tract (of Lissauer) = DRG axons carrying pain and temperature (location, intensity)



Toxicol Pathol 40: 624-636, 2012 

Spinal Cord – Gray Matter Domains 
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Presentation Notes
Rexed laminae I-IV are concerned with exteroceptive sensations, whereas laminae V and VI are concerned primarily with proprioceptive sensation and act as a relay between the periphery to the midbrain and the cerebellum. Laminae VIII and IX form the final motor pathway to initiate and modulate motor activity via α, β and γ motor neurons, which innervate striated muscle. All visceral motor neurons are located in lamina VII and innervate neurons in autonomic ganglia.



Primary Oligodendroglial Function 

Fundamental Neuropathology for Pathologists and Toxicologists, Ch 23, 2011 
(courtesy Dr. G. Krinke) 



Dorsal Root 
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Sciatic 
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Presenter
Presentation Notes
Neurons and “satellite cells” (thin, flat glia encircling neuronal bodies)
Locations – sensory, sympathetic and parasympathetic ganglia of PNS
Origin – neural crest
Satellite cell functions = astrocyte-like
Environmental control 
Metabolic support to neurons
Neurotransmitter clearance
Pain modulation (cytokine release)
Protection (blood-ganglion barrier) ??




Dorsal Root Ganglion 

Ganglia 

Autonomic Ganglion 

Presenter
Presentation Notes
Neurons and “satellite cells” (thin, flat glia encircling neuronal bodies)
Locations – sensory, sympathetic and parasympathetic ganglia of PNS
Origin – neural crest
Satellite cell functions = astrocyte-like
Environmental control 
Metabolic support to neurons
Neurotransmitter clearance
Pain modulation (cytokine release)
Protection (blood-ganglion barrier) ??




Nerve Form Depends on Function 

Myelinated 
(somatic n.) 

Non-myelinated 
(autonomic n.) 

Sciatic 

Vagal 



Nerve Fiber – Longitudinal Anatomy 

http://education.med.nyu.edu/Histology/courseware/modules/nervous-sy/nervous.46.html 

Node of Ranvier 

Myelin Incisure 
Myelin 

Presenter
Presentation Notes
Axon, osmium preparation. 
Shows Schmidt-Lanterman clefts, which are distensions of the of the myelin due to the pressure of the cytoplasm of the Schwann cell. These clefts actually form tunnels from outside the sheath to the inside



Nerve – Cross Section Anatomy 

Image courtesy Dr. W. Valentine 

Presenter
Presentation Notes
Rat sciatic nerve from a control animal. Transverse section, 1 um, stained with toluidine blue.  Valentine

Peripheral nerves have both myelinated and non-myelinated nerve fibers.  In general, myelinated fibers serve somatic purposes, while unmyelinated fibers fulfill visceral functions.  Myelinated axons are typically 2 to 20 mm in diameter and enveloped in multiple concentric layers of myelin.  The axoplasm (axonal cxytoplasm) contains many types of organelles, including axoplasmic (i.e., smooth endoplasmic) reticulum, large mitochondria, and multiple cytoskeletal elements.  The largest cytoskeletal constituents are the microtubules (also called neurotubules, 20 nm in diameter) and neurofilaments (the neuron-specific intermediate filament, 10 nm in diameter).  In normal nerves, the axonal components are evenly distributed throughout the axoplasm.  Unmyelinated axons are much smaller, usually 0.2 to 3.0 mm in diameter



Nerve – Special Features 

Image courtesy Dr. W. Valentine 
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Presentation Notes
Cross-section of a plastic-embedded, toluidine blue-stained section of rat sciatic nerve illustrating myelin (Schmidt-Lanterman) incisures (arrows) and fluting of myelinated axons (*) as they approach paranodal regions. 

Myelin incisures (a.k.a. Schmidt-Lanterman incisures), are small pockets of cytoplasm left behind during myelination.
Fluting occurs as large axons approach a node of Ranvier.



Myelinated Axon: Ultrastructure 

Image courtesy Dr. W. Valentine 

Adult rat 
(control) 

 
myelinated  
nerve fiber 

Presenter
Presentation Notes
Electron micrograph showing a cross-section of a large myelinated axon (a) obtained at the middle of an internode, as indicated by the adjacent Schwann cell soma and nucleus. The axon is surrounded by compact myelin and contains six large mitochondria within the axoplasm. The Schwann cell is encircled by the basal lamina; collagen fibrils are present in the endoneurial compartment. 



Primary Schwann Cell Function 

Fundamental Neuropathology for Pathologists and Toxicologists, Ch 23, 2011 
(courtesy Dr. G. Krinke) 



Muscle Spindle Apparatus 
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Presenter
Presentation Notes
Diagram: http://slideplayer.com/slide/5174972/

Muscle spindles are sensory receptors within the belly of a muscle that primarily detect changes in the length of this muscle. They convey length information to the central nervous system via sensory neurons. This information can be processed by the brain to determine the position of body parts. The responses of muscle spindles to changes in length also play an important role in regulating the contraction of muscles, by activating motor neurons via the stretch reflex to resist muscle stretch.
Mammalian muscle spindle showing typical position in a muscle (left), neuronal connections in spinal cord (middle) and expanded schematic (right). The spindle is a stretch receptor with its own motor supply consisting of several intrafusal muscle fibres. The sensory endings of a primary (group Ia) afferent and a secondary (group II) afferent coil around the non-contractile central portions of the intrafusal fibres. Gamma motoneurons activate the intrafusal muscle fibres, changing the resting firing rate and stretch-sensitivity of the afferents. Animated version:http://www.ualberta.ca/~aprochaz/research_interactive_receptor_model.htmlArthur Prochazka's Lab, University of Alberta
Light microscope photograph of a muscle spindle. HE stain.
Muscle spindles are found within the belly of muscles, embedded in extrafusal muscle fibers. Note that "fusus" is the Latin word for spindle. Muscle spindles are composed of 3-12 intrafusal muscle fibers, of which there are three types:
dynamic nuclear bag fibers (bag1 fibers)
static nuclear bag fibers (bag2 fibers)
nuclear chain fibers and the axons of sensory neurons.
Axons of gamma motoneurons also terminate in muscle spindles; they make synapses at either or both of the ends of the intrafusal muscle fibers and regulate the sensitivity of the sensory afferents, which are located in the non-contractile central (equatorial) region.[1]
Muscle spindles are encapsulated by connective tissue, and are aligned parallel to extrafusal muscle fibers, unlike Golgi tendon organs, which are oriented in series.
The muscle spindle has both sensory and motor components.
Primary and secondary sensory nerve fibers spiral around and terminate on the central portions of the intrafusal muscle fibers, providing the sensory component of the structure via stretch-sensitive ion-channels of the axons.
In mammals including humans, the motor component is provided by up to a dozen gamma motoneurons and to a lesser extent by one or two beta motoneurons. Gamma and beta motoneurons are called fusimotor neurons, because they activate the intrafusal muscle fibers. Gamma motoneurons innervate only intrafusal muscle fibers, whereas beta motoneurons innervate both extrafusal and intrafusal muscle fibers and so are referred to as skeletofusimotor neurons.
Fusimotor drive causes a contraction and stiffening of the end portions of the intrafusal muscle fibers.



Part II: 
 

Recommended Practices for 
Collecting and Processing  

Spinal Cord, Ganglia, and Nerves 



STP Best Practices for Sampling  
Spinal Cord in General Toxicity Testing 

Cervical – Cranial  (C1) 
Thoracic (T6 – T8) 
Lumbar (L4 – L5) 

OR 

Toxicol Pathol 41: 1028-1048, 2013 

Presenter
Presentation Notes
RITA (Registry of Industrial Toxicology Animal-data) / NACAD (North American Control Animal Database) only call for cross sections of cord and longitudinal sections of sciatic nerve

For nerve, EPA recommends sciatic, OECD requests tibial



STP Best Practices for Sampling  
Ganglia in General Toxicity Testing 

 No neurotoxic potential – hold ganglia in wet tissue 
 

 Somatic neuropathy – multiple dorsal root ganglia 
 Signs: abnormal movement, circling, difficulty walking, lameness of 

unknown origin, generalized muscle weakness 
 In situ (rodent only) or isolated (rodent or non-rodent) 
 Sample: at least 2 for each of cervical and lumbar intumescences 

 

 Autonomic neuropathy – more autonomic ganglia 
 Signs: abnormal gastrointestinal motility, heart rhythm, micturition, 

salivation, or vascular tone, and/or formation of sperm granulomas  
 Sample: multiple parasympathetic (e.g., caudal [“nodose”]) and 

sympathetic (e.g., cranial cervical, cervicothoracic, celiac) ganglia 



OR 

STP Best Practices for Sampling  
Nerves in General Toxicity Testing 

Toxicol Pathol 41: 1028-1048, 2013 

Collect bilaterally 
 

Process unilaterally 

Presenter
Presentation Notes
For nerve, EPA recommends sciatic, OECD requests tibial




Sampling Additional Nerves for 
Dedicated Neurotoxicity Testing 

Nerve Options 
a = Sciatic 
b = Tibial 
c = Common peroneal 
d = Lateral sural 
e = Plantar 

Toxicol Pathol 34: 296, 2006 

Presenter
Presentation Notes
Muscles: 1 = gluteus medius; 2 = biceps femoris; 3 = semitendinosus; 4 = quadriceps femoris; 5 = gastrocnemius lateralis; 6 = rectus femoris; 7 = gastrocnemius medialis; 8 = tibialis cranialis. 

Nerves: a = sciatic; b = tibial; c = common peroneal (fibular); d = lateral sural; e = plantar.
 
Bones: P = patella; T = tibia.



Fixatives for Nerves 

 Routine studies – formaldehyde (4%) 
 Neutral buffered 10% formalin (NBF) or paraformaldehyde 
 Commercial NBF often contains stabilizers (e.g., methanol) 

 

 Special studies 
 High-resolution nerve analysis 

 Post-fixation in osmium tetroxide 
 Rationale:  stabilizes myelin 

 Electron microscopy 
 Perfusion fixation with modified Karnovsky’s solution (mixtures of 

paraformaldehyde and glutaraldehyde) 
 Avoid stabilizers (which promote myelin vacuolation) 
 Rationale:  provides better preservation of subcellular features 



Embedding Nerves 

 Paraffin 
 Advantages: rapid and routine procedure in most histology facilities 
 Disadvantages: delicate neural structures (especially nerves) may be 

insufficiently supported by soft wax  
 

 Plastic – required by some regulatory agencies 
 Advantages: provides better support for delicate neural structures 
 Disadvantages: employs neurotoxic reagents, necessitates special 

equipment and trained personnel, low throughput 
 NOTE: for optimal resolution, the medium should be a “hard plastic” 

(e.g., epoxy resin) and not a “soft plastic” (e.g., glycol methacrylate)  



Paraffin Embedding (H&E) 

Images courtesy Dr. W. Valentine 



Resin Embedding (Toluidine Blue) 

Handbook of Toxicologic Pathology, 3rd ed, Vol 3, Ch 52, 2013 
(courtesy Dr. W. Valentine) 



Special Methods for Nerve Analysis 

Pre-synaptic 
Terminal 

Post-synaptic 
Terminal 

Intra-epidermal Nerve Fibers 

Motor End Plates 

Synapses 

Presenter
Presentation Notes
Intra-epidermal nerve fibers: http://www.advanced-lab.com/epidermal.php
Synapses: Neuroscience 200: 248, 2012
Synapses (S) of rat cerebral cortex neurons in primary culture. 28,500x TEM. Cells were rinsed with 0.15-M PBS pH 7.4, fixed in the same medium containing 2.5% w/v glutaraldehyde, washed in PBS, and postfixed in a solution containing 1% w/v osmium tetroxide and 1.5% w/v potassium ferricyanide. After dehydration in graded ethanol, the cells were embedded in Epon, sectioned, and contrasted with 4% w/v uranyl acetate followed by 0.4% w/v lead citrate. Sections were coated with carbon powder and examined under a transmission electron microscope.

Information flows from the processes of one neuron to an adjacent process from another neuron across small intervening gaps termed synapses.  Most neural synapses have a presynaptic terminal (i.e., a specialized end of a neuronal process) that holds neurotransmitter-laden vesicles, mitochondria and other organelles; a postsynaptic terminal that bears membrane-bound receptors for the neurotransmitters held in the presynaptic terminal; and an intervening cleft that separates the presynaptic and postsynaptic endings. Following stimulation by a neighboring neurite (i.e., axon or dendrite), propagation of an action potential down the axon leads to calcium (Ca++)-dependent neurotransmitter release at the pre-synaptic nerve terminal.  The terminal harbors numerous prepackaged vesicles, some of which are mobilized to fuse with the pre-synaptic membrane.  The discharged transmitters diffuse across the synaptic cleft and bind to specific membrane receptors on the post-synaptic neuron, thereby launching a post-synaptic potential.



Neurogenic Myopathic 

Denervated Effector Organs 

http://www.slideshare.net/gliageek/pathology-of-skeletal-muscle-presentation 

Presenter
Presentation Notes
Neurogenic
Bimodal size distribution
Angulated fibers
Apparent increase in nuclear size
No necrosis, regeneration, or fibrosis typically

Myopathic
Random size variation
Round fibers
Central nuclei
Necrosis, regeneration, ± inflammation, ± fibrosis



Part III: 
 

Analysis of Spinal Cord, 
Ganglia, and Nerves 



Macroscopic Changes: Spinal Cord 

 Cavity 
 Hydromyelia – widened central canal 
 Syringomyelia – cyst formation within spinal cord tissue 

 

 Discoloration 
 Gray or tan   

 Inflammation  
 Necrosis (“malacia”) 
 Neoplasm (commonly lymphocytic) 

 Red = hemorrhage (± necrosis)  
 

 Swelling 
 Cell accumulation (inflammation or neoplasm [ependymal, 

glial, or hematopoietic]) 
 Fluid accumulation (typically in myelin) 



Microscopic Changes:  
Spinal Cord Neurons 

 Degeneration (irreversible) 
 Swelling (of axons) – “spheroids” 
 Loss – axon fragmentation and axonophagia 
 Vacuolation 

 

 Hemorrhage (reversible) 
 

 Infiltration (non-neural cells) 
 Inflammatory cells 
 Neoplastic cells 



Microscopic Changes: Spinal Cord Glia 

 Degeneration (reversible in principle) – swelling  
 

 Proliferation  
 Hyperplasia (reversible in principle) 
 Neoplasia 

 

 Swelling (reversible in principle) – edema  
 Intracellular – metabolic imbalance 

 Cell body – cytotoxic edema 
 Cell processes – astrocyte (perivascular) foot processes 

 Extracellular  
 Transependymal – ependymal barrier failure 
 Vasogenic – altered vessel integrity 

 Intramyelinic 



Degeneration: Spinal Cord Axons 

Adeno-associated virus serotype 9 (AAV9) viral vector 



Microscopic Changes: Ganglia (PNS) 

 Accumulations (typically irreversible in practice) 
 Metabolic or structural byproducts 
 Viral inclusions (infectious agents, especially rabies)  

 

 Degeneration (reversible in principle) 
 

 Death (irreversible) 
 Destructive phase – apoptosis or necrosis 
 Resolution phase – neuronophagia 

 

 Infiltration 
 Non-neoplastic cells – inflammation 
 Neoplastic cells – usually lymphoma  

 

 Proliferation – satellite cell hyperplasia 



Accumulation: Metabolic Byproducts 

Mouse – Mucopolysaccharidosis IIIB  
(genetically engineered Sanfillippo syndrome) 

N-acetyl-alpha-D-glucosaminidase (NAGLU) deficiency  
yielding buildup of glycosaminoglycans 

 



Degeneration: Axonal Reaction 

Image courtesy Dr. G. Krinke 

Rat – acrylamide polyneuropathy 

Presenter
Presentation Notes
Acrylamide, 15 days after exposure, dorsal root ganglion



http://wwwnc.cdc.gov/eid/article/19/9/13-0682-f5 

Infiltration: Ganglionic Inflammation 

Astrovirus (bovine) 

Presenter
Presentation Notes
Dorsal root ganglion of a heifer with encephalomyelitis (animal 2). Multifocal marked interstitial lymphocyte, macrophage, and plasma cell infiltrates with multifocal neuronal degeneration and necrosis can be seen. Hematoxylin and eosin stain.
Viral RNA was restricted to the nervous system and detected in the cytoplasm of affected neurons within the spinal cord, brainstem, and cerebellum. Microscopically, the lesions were of widespread neuronal necrosis, microgliosis, and perivascular cuffing preferentially distributed in gray matter and most severe in the cerebellum and brainstem, with increasing intensity caudally down the spinal cord. These results suggest that infection with BoAstV-NeuroS1 is a potential cause of neurologic disease in cattle.



Proliferation: Satellite Cell Hyperplasia 



Cauda equina filled 
with neoplastic 

lymphocytes (cat 
infected with feline 

leukemia virus) 

Macroscopic Change:  
Nerve Enlargement 

Lymphoma 

Image courtesy Dr. S. Krakowka 



Microscopic Changes in Axons (PNS) 

 Accumulation (reversible) – swelling (chronic)  
 

 Degeneration (irreversible) – primary axon injury 
 Swelling (transient) 
 Axon fragmentation 
 Axonophagia  – “digestion chambers” 

 

 Restoration – axon sprouting 



Degeneration: Primary Axonal Injury 



Segmental Demyelination 

Control 

Axonal Degeneration 

* 

Microscopic Lesions: Nerve Fibers 

Handbook of Toxicologic Pathology, 3rd ed, Vol 3, Ch 52, 2013 
(courtesy of Dr. W Valentine) 

Presenter
Presentation Notes
Segmental loss of myelin (via oral disulfiram) that is more severe at the level of the spinal nerve roots (i.e., where the axons are of larger caliber and thus are encompassed by longer and thicker myelin sheaths).  As remyelination proceeds, each gap is filled by a greater number of Schwann cells producing a series of shorter segments with thinner sheaths than were present in the original




Accumulation: Axonal Swelling 

Hematoxylin and Eosin Bielschowsky’s Silver 

Handbook of Toxicologic Pathology, 3rd ed, Vol 3, Ch 52, 2013 

Presenter
Presentation Notes
Spheroids from axonal dystrophy
The third pattern is axonal dystrophy, which is characterized by axonal expansion (termed “spheroids”).  These enlarged fibers appear as large, fairly homogeneous, elliptical swellings by light microscopy, which are shown to harbor a tangled web of cytoskeletal elements and cellular organelles by electron microscopy.  The swellings are eosinophilic when stained with H&E and black when viewed in silver-impregnated sections, and they are much larger in diameter than adjacent “normal” axons.  The proposed pathogenesis is a disturbance in retrograde axonal transport that results in progressive accumulation of less flexible materials at points of axonal constriction.

Axonal ‘spheroids,’ or focally enlarged axons, are occasionally encountered in white matter tracts of the brainstem and spinal cord as a spontaneous change in older animals.  Animals from all treatment groups may be affected, including the negative control cohort, and no relationship to xenobiotic dose is evident. 



Accumulation: Axonal Swelling 

Image courtesy Dr. G. Krinke 

Rat – N-hexane (γ-diketone) polyneuropathy 

Presenter
Presentation Notes
N-hexane, 2,5-hexanedione



C 
A 

Degeneration: Axonal Fragmentation 

Image courtesy Dr. M.T. Butt 

Rat – Acrylamide polyneuropathy 

Presenter
Presentation Notes
Axonopathy – axon fragmentation from acrylamide

Primary axonopathies resulting from xenobiotic exposure begin as axonal degeneration (here evident as a swollen fiber) before progressing to axonal disintegration with collection of debris and phagocytic macrophages (‘gitter’ cells) within dilated spaces (termed “digestion chambers) confined within the original fiber tract.  Advanced lesions result in removal of the myelinating cells as well, leaving a nearly empty fiber tract bordered by the remnant basal lamina (visible as a hypereosinophilic lines by H&E).  In peripheral nerves, proliferating Schwann cells (S) will fill fiber tracts with an intact basal lamina to provide a bed through which the regenerating axon will extend.  In most instances, small (so-called ‘unmyelinated’) axons (arrows) are not affected by toxicants. 

Unspecified peripheral nerve of an adult rat given acrylamide for an extended period.  Processing conditions: formalin fixation by immersion, paraffin embedding, H&E staining.  





Degeneration: Digestion Chamber 

Image courtesy of Dr. G. Krinke 

Presenter
Presentation Notes
Typical “digestion chamber” due to axonal degeneration, which occurs as progressive axonal swelling and, approximately 36 hours after crush, by fragmentation of the fiber, Schwann cell nuclear hypertrophy, infiltration of macrophages, and the formation of so-called digestion chambers. Such chambers contain fragments of degenerate axon surrounded by a clear space, containing lipid breakdown products and macrophages. The enlarged nuclei of Schwann cells can be seen in adjacent nerve tissue.



Nerve Fiber Degeneration  
in Effector Organs 

Muscle: Biceps Femoris 



Microscopic Changes in Glia (PNS) 

 Degeneration (reversible in principle)  
 Primary – axons are intact 
 Secondary – axons are damaged first, Schwann cells later 

 

 Proliferation 
 Non-neoplastic – hypertrophy and hyperplasia 
 Neoplastic  



Degeneration: Primary Demyelination 

http://peir.path.uab.edu/library/picture.php?/5880 

Presenter
Presentation Notes
Peripheral nerve: Focal Demyelination – Luxol fast blue of a cranial nerve



Degeneration: Primary Demyelination 

Image courtesy Dr. G. Krinke 

Presenter
Presentation Notes
Primary radicular demyelination



Degeneration: Chronic Demyelination 

http://frontalcortex.com/?page=qod&topic=pathology&qid=021409131 

“Onion bulbs” 

Presenter
Presentation Notes
Repeated demyelination and remyelination with “onion bulbs”



Proliferation: Schwann Cell Hyperplasia 

Image courtesy Dr. M. Oglesbee 

Presenter
Presentation Notes
Equine lower motor disease �Axon degeneration with reactive hyperplasia and hypertrophic nuclei of Schwann cells leading to linear band-like proliferative Schwann cells (bands of Büngner). They are formed as a response to axonal injury when Schwann cells lose their axonal complement. The remaining basement membrane forms endoneurial tubes, important in the guidance of regenerating proximal axonal sprouts. Schwann cells and blood-borne macrophages are important in phagocytosis of fragmented axons to clear endoneurial tubes for axonal regeneration. The bands of Büngner should not be interpreted as inflammatory fibrosis but, rather, as a part of the reinnervation process subsequent to significant axon degeneration in peripheral axons.
http://ntp.niehs.nih.gov/nnl/nervous/brain/axonopat/index.htm



Impact of PNS Injury on CNS Integrity 

Cervical Lumbar 

Axonal 
Damage 

Demyelination 

Fundamental Neuropathology for Pathologists and Toxicologists, Ch 23, 2011 
 (courtesy Dr. G. Krinke) 

Presenter
Presentation Notes
Cartoon demonstrating the difference in distribution of axonopathy and demyelination in the spinal cord. With axonopathy the ascending sensory spinal tracts are most affected at the terminal cervical level, in dorsal and dorsolateral columns, and the descending motor tracts are most affected at the terminal lumbosacral level, in the ventral columns. In contrast, primary demyelination can distribute diffusely at all spinal cord levels and in all columns



Part IV: 
 

Common Artifacts in 
the Peripheral Nervous System  



Neuron Necrosis (Ganglion) 

Image courtesy of Dr. M. Butt 



Neuron Vacuolation (Ganglion) 

Toxicol Pathol 40: 87S, 2012 



Handbook of Toxicologic Pathology, 3rd ed, Vol 3, Ch 52, 2013 

Myelin Bubbles 

Presenter
Presentation Notes
‘Myelin bubble’ artifact generally involves large myelinated fibers of the spinal cord white matter tracts and PNS major trunks.  The finding presents as clear, localized, elliptical spaces surrounding an intact axon; they may occur in isolation or in chains.  The change often is confined to one or a few axons, so it is more readily recognized in longitudinal sections than coronal onese



Renaut Bodies 

Cross section Longitudinal section 

Presenter
Presentation Notes
Novartis Dog Study 2016-7 No. 3001 Peroneal 20x
Subperineurial structure composed of loosely arranged and randomly oriented collagen fibers in a fine fibrillary material

Exp Toxicol Pathol. 2001 Apr;53(1):19-24.
Renaut bodies in the sciatic nerve of beagle dogs.
Elcock LE1, Stuart BP, Hoss HE, Crabb K, Millard DM, Bopp BILL, Mueller RE, Hastings TF, Lake SG.
Renaut bodies were found in sciatic nerves of 36-46% of dogs in sub-chronic to chronic studies. 
Most often resided in the distal sections of the sciatic nerve, specifically in the tibial 
No sex predilection. 
Located predominately in the endoneurium, in the center of the nerve sections. 
No associated axonal degeneration, reactive gliosis, or encapsulation. 
No nerve fibers entered or left the Renaut body, and nearby nerves appeared to be normal structurally. 
Little or no pathological significance, but rather are suggestive of a physiological adaptation in response to mechanical stress imposed on nerves.



Lessons Learned 

 Know the lay of the land.  Know the key features of 
spinal cord, ganglionic, and nerve anatomy. 
 

 Garbage in, garbage out.  Badly prepared specimens 
(especially PNS) may be difficult to interpret. 
 

 Learn to discriminate authentic from artifact.  Learn 
to distinguish genuine lesions from handling effects. 
 

 Don’t be a hero.  Get assistance from an experienced 
neuropathologist. 
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