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.-:.;;;%Ventral brain sectioning for the rat (a) and for
" the mouse (b).

Adapted from Rao et.
al. Tox path. 2011
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Rao, D.B., Little, P.B., Malarkey, D.E., Herbert, R.A. and Sills, R.C. (2011). Histopathological evaluation of the nervous system in National Toxicology Program rodent studies: A modified approach. Toxicol Pathol, 39, 463-470.








Presenter
Presentation Notes
Pardo, I.D., Garman, R.H., Weber, K., Bobrowski, W.F., Hardesty, J.F. and Morton, D. (2012). Technical guide for nervous system sampling of the cynomolgus monkey for general toxicity studies. Toxicol Pathol, 40, 624-636.





< @
& =
S
9

.....................



Presenter
Presentation Notes
Pardo, I.D., Garman, R.H., Weber, K., Bobrowski, W.F., Hardesty, J.F. and Morton, D. (2012). Technical guide for nervous system sampling of the cynomolgus monkey for general toxicity studies. Toxicol Pathol, 40, 624-636.






i d %

Histologic sections of the brain in NHP
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Presentation Notes
Rodents and dogs have 13 ribs and the Lumbar sections is taken beneath T13 and below L2. 

Sampling sites for the spinal cord of the adult non-rodent (cynomolgus monkey) to show the levels at which to obtain segments from the upper cervical (C1 – C2), mid-thoracic (T6 – T8), and lumbar intumescence (L4 – L5) regions for neuropathology assessment during general toxicity studies.  The regions to be harvested fall between the gray blades or within the white box; the white letter-number notations denote the identity of the associated vertebral bodies.  [NOTE: These levels are used as an example, but modest variation in orientation and positioning of the levels is to be expected among animals within a single study and across multiple studies.]  Observe that the spinal cord domains corresponding to the lumbar intumescence (L4 – L5) reside within the vertebral bodies of the cranial lumbar vertebrae (L1 – L2), while sampling at lumbar vertebrae L4 – L5 will actually yield a specimen of cauda equina (arrow, right panel).  [Methodological details:  Segments of vertebral column are isolated by cutting through the appropriate joints—cranial to vertebrae C1 and C3 for cervical, T6 and T8 for thoracic, L1 and L3 for lumbar—cutting the spinal nerve roots, and then expelling the cord from the vertebral canal by gentle manipulation.  The partial laminectomy in the cervical (dorsal side) and lumbar (ventral side) in this figure are used to illustrate the relationship of the spinal cord to the associated vertebrae and spinal nerves (arrows), but such bone removal is not needed in necropsies performed for general toxicity studies.]
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Spinal cord NHP

Cervical cord (C1-C2)

Lumbar cord NHP (L4-L5)

Pardo et. al., Tox Path 2012
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Collected at necropsy bilateral (approx 1 cm in length) but processed for histopathologic evaluation unilaterally. Cross and longitudinal sections are obtained for histopathologic examination 







Nice references

Toxicologic Patholog 878-1578, 2012

Home » Publications » Nonneoplastic Lesion Atlas » Nervous System » Brain

Nonneoplastic Lesion Atlas A+ a-& Mishare
A guide for standardizing terminology in toxicologic pathology for rodents Download POF B (1MB)

Purpose Guide Contributors Contact Us

Atlas Home

Alimentary System

i Narrative Authors and Reviewers
Endocrine System

Hematopoietic System Recent changes in neuropathology evaluation in NTP studies include routine examination of seven sections of the
brain instead of the traditional three-section approach. The modified seven sections include the traditional three
Hepatobiliary System sections and four additional sections that include neuroanatomic areas and subsites such as the olfactory bulb,
superior colliculus, medial geniculate body, inferior colliculus, substantia nigra, and area postrema, to name a few.
Immune System In fact, approximately 50 neuroanatomic sites will be available for routine evaluation with the NTP seven-section
approach. The rationale and basis for the seven-section approach are described in Rao et al. (2011).
Integumentary System
Eigure 1 outlines the landmarks for the seven sections in the rat. The traditional three-section approach included
Musculoskeletal System levels 2, 3, and 6. The modified approach now includes the addition of four sections (levels 1, 4, 5, and 7), for a total
of seven sections.
Nervous System o . o
The neuroanatomy and functional significance of the ~50 neuroanatomic sites in the NTP-7 are detailed in Rao et
al. (in press). The Society of Toxicologic Pathology best practices approach for neuropathologic evaluations also
includes a seven-section approach as detailed by Bolon et al. (2013). Although not identical, the trimming planes
are comparable to the planes depicted in Rao et al, 2011 and Bolon et al, 2013. It is important to note that modest
variations in trimming planes are expected variations in brain sampling among animals within a single study, across
mulfiple studies, and among institutions.

Brain
Angiectasis

Axonopathy

Nonneoplastic Lesion Atlas

A guide for standardizing terminology in toxicologic pathology for

rodents
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Dark Neuron
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Synonyms: basophilic neurons, dark ‘spiky’ nerve cells, neuronal hyperchromatosis
Usually abundant  in the cerebral cortex, hippocampus, cerebellar cortex, and large-sized neurons in the brainsteim
Shrinkage of both nucleus and cytoplasm with contracture of neuronal cell body from the surrounding neuropil, sometimes resulting in polygonal perineuronal retraction spaces
Mechanism:  The exact pathogenesis is unknown, but certain factors have confirmed: Mishandling unfixed tissue (e.g., traumatic dissection, pressure) promotes this change  

Jortner B, 2006. NeuroToxicology.�Post-mortem manipulation or trauma in brain tissue�

Kherani and Auer. 2007. Acta Neuropathol. suggest that depolarization, glutamate release or receptor activation are more likely mechanisms of dark neuron production.
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Dark Neurons vs. Necrotic Neurons
H&E stain
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Secondary to axonal injury (TA related or spontaneous ) TEM: membrane bounded Golgi or RE-fluid material
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W. Kaufmann et al, Toxicol Pathol 40: 87S, 2012��Synonym:   vacuolar artifact

Microscopic diagnostic features:
Focal to widespread, irregular, fine to large vacuoles confined to densely myelinated regions 
Mechanism:  Since the nervous system has a high lipid content, histological processing for conventional paraffin embedding results in solvent-associated lipid extraction and often the formation of fine vacuoles in the white matter.
Artifactual vacuolation is exacerbated by holding samples of formalin-fixed tissue in 70% alcohol for prolonged periods (i.e., over the weekend) ��Vacuolation is also enhanced in autolyzed tissues, and may be accompanied by mild astrocytic swelling and condensation of nuclei accompanying mild neuropil vacuolation in the gray matter
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Deposition of crystal in the tapetum
lucidum caused by buffer in the
fixative
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Hemorrhage in nerve




Pulling nerve during necropsy







Emboli of bone material produced
at necropsy







Circumventricular organs (CVOs)

CVvVOo Location

Subfornical organ

Subcommissural organ

Organum vasculosum of
lamina terminalis

Median eminence (ME)

Pineal gland 3V

Pituitary gland 3V

Choroid plexus Lateral, 3V and
4V

Area postrema AVS

Function
Sensory: involved in the thirst response
to increase osmolality (angiotensin Il)
in severe dehydration
Secretory: spondin (normal
development of Reissner’s fiber and
ventricular system)
Sensory: secretory Detects peptide
concentrations in order to control fluid
regulatory (homeostatic) responses
Secretory: Neurohormones

(inactivation of tyrosine hydroxylase in

ME is needed to induce a prolactin
response in the pituitary gland
Secretory: Integrate circadian rhythms
(melatonin)

Secretory: ADH and oxytocin

CSF

Sensory: vomit reflex center
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3V and 4V.
Single layer of columnar epithelium no cillia thigh junctions outside the BBB (permeable capillaries) function: regulation of plasma volume, composition and pressure 

Organum vasculosum of lamina terminalis
(OVLT)-Third- Sensory and secretory Detects peptide concentrations in order to control fluid regulatory (homeostatic) responses; integrates CVO neural signals with hypothalamic nuclei
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Subcommissural organ (SCO)-Third-Secretory Secretes proteins into CSF, such as spondin (which is critical to the normal development of Reissner’s fiber and the ventricular system–spinal central canal 

Median eminence (ME)- Third-Secretory Releases neurohormones to regulate the rostral (anterior) part of the pituitary gland; inactivation of tyrosine hydroxylase in ME is required to induce a prolactin response

Organum vasculosum of lamina terminalis
(OVLT)-Third- Sensory and secretory Detects peptide concentrations in order to control fluid regulatory (homeostatic) responses; integrates CVO neural signals with hypothalamic nuclei

Pineal gland-Third-Secretory-Integrates circadian rhythms, involving light stimuli, through synthesis and release of melatonin into cerebrospinal fluid (CSF); melatonin enhances proliferation of stem cells in subventricular zone
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Subfornical organ (SFO) Third ventricle- Sensory -Involved in the thirst response to increased osmolality (and angiotensin II) in plasma during severe dehydration; sends signals to the medial preoptic nucleus

Neural (caudal or posterior) lobe of the pituitary gland (NLP)-Third- Secretory-In response to hypothalamic signals, the NLP releases antidiuretic hormone (ADH) and oxytocin into plasma to modulate kidney water transfer and uterine muscle contraction, respectively

Median eminence (ME)- Third-Secretory Releases neurohormones to regulate the rostral (anterior) part of the pituitary gland; inactivation of tyrosine hydroxylase in ME is required to induce a prolactin response
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Area postrema (AP)- Fourth-Sensory- As the ‘‘vomit reflex’’ center, the AP detects noxious substances in blood and stimulates emesis to clear toxic chemicals from the body
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Neurons sciatic nerve
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O: optic chiasm
Pg: pituitary gland
M: meninges

long arrows:
Trigeminal nerve
roots and ganglion
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