SHEEP BRAIN DISSECTION GUIDE

NEUROANATOMICAL TERMS OF REFERENCE

AXES: Animals can be divided into three principal axes --nose to tail, back to belly, and center to side. Nose to tail is typically called rostral-caudal (or anterior-posterior). The belly is labeled ventral and the back is labeled dorsal. The center to side axis is referred to as medial to lateral. These axes are used to describe position RELATIVE to a reference point: thus, the eyes are rostral to the ears, but caudal to the nose.

PLANES: It is conventional when studying the structure of the nervous system to examine sections that have been cut in the three planes that are perpendicular to the three principal axes. Cross-sections cut perpendicular to the rostral-caudal axis are coronal sections (i.e. in a coronal plane); those cut perpendicular to the dorso-ventral axis are horizontal, and those cut perpendicular to the medio-lateral axis are sagittal sections. If a sagittal section is made at the midline, it is called a mid-sagittal section; if it is cut lateral to the midline, it is called a parasagittal section.

It is also useful to know that most fiber pathways (except those with special names like "fornix") are named by joining together first the name of the origin then the name of the destination of the pathway --e.g. corticospinal tract from the cortex to the spinal cord. It is customary to end the origin name in "o" and make the ending adjectival --e.g. pontocerebellar fibers from the pons to the cerebellum.

One source of confusion arises because many neuroanatomy textbooks are written with specific reference to the human brain. Because humans walk upright, we can consider that the cerebrum of the human brain is at approximately a 90 angle to the brainstem and spinal cord. This is in contrast to other species in which the brain and spinal cord form essentially a straight-line system.

DISSECTION OF THE SHEEP BRAIN

Sheep or cow brains are often used to demonstrate mammalian neuroanatomy because they are large and can be obtained easily. The brains are soaked in a preservative formaldehyde solution and should be rinsed thoroughly in cold running water prior to dissection. A thin, protective glove is recommended when handling formaldehyde-fixed specimens. Keep fumes, fingers and spray away from eyes. If fluid does come into contact with eyes, flush immediately with cold water. Contact lenses should not be worn. Avoid direct inhalation of noxious fumes. During dissection the specimens should be kept constantly wet to prevent hardening and discoloration.

I. SUPERFICIAL ASPECTS OF THE BRAIN

A. DORSAL SURFACE. The brain may be covered by a gray, tough membrane, the dura mater, which is the outermost layer of the three protective layers (meninges) of connective tissue, that surround the brain and spinal cord. Remove the dura by peeling it gently away from the brain with forceps so that the cortical surface is clearly visible. Note that the cerebral cortex (outer layer or "bark" of the cerebrum) has many furrows called sulci [singular sulcus], or fissures (if they are deep and long). The long convoluted islands between the sulci are called gyri [singular gyrus]. The primary difference between the external appearance of the sheep and human brains is that in the human brain, the convolutions are more numerous and more extensive so that the cortex hides most of the cerebellum. The cortex of the rodent (e.g. rat) brain, unlike the human and sheep brains, lacks convolutions and is thus completely smooth.

Locate the median longitudinal fissure, which bisects the cerebrum separating it into right and left hemispheres, and the transverse fissure, which separates the cerebrum and cerebellum. Identify the ansate fissures, which separate the frontal lobes (anterior side) of cortex from the parietal lobes (posterior side). The sheep's ansate fissure corresponds to the central fissure in the human brain. In the human the central fissure is located about halfway along the median longitudinal fissure because the frontal lobe of man is far more extensive (relative to the other lobes) than in the sheep. Towards the posterior end of the sheep brain, the parietal lobe is not distinctly separated from the occipital lobe. The suprasylvian fissure is a long sulcus, which is not present in the human brain, but in lower animals separates the parietal lobe from the temporal lobe.

If the brain was not torn up during extraction by careless meatpackers, you should also be able to see the cerebellum ("little brain"). If you are really lucky, you may even see part of the spinal cord.

For a sneak preview of internal structures, gently open the transverse fissure by pulling back on the cerebellum while holding the cerebrum. Be careful not to tear any neural tissue at the base of the cerebellum. Looking towards the frontal pole (end) of the brain you will see the tectum, literally the “roof” of the midbrain, which is composed of a pair of large bumps, the superior colliculi, overlying a pair of two smaller bumps, the inferior colliculi (colliculus = “little hill”).

Peering anterior to the colliculi, you will be able to see the pulvinar, which is the large posterior nucleus of the thalamus. Between the two pulvinar nuclei lies a gland, the pineal body, at the midline. Descartes identified the pineal as the seat of the soul because it is the only unpaired structure in the human brain.

B. LATERAL SURFACE. Another sulcus that divides cortical lobes in higher animals is the very deep lateral (or Sylvian) fissure, which separates the frontal and parietal lobes from the temporal lobe. On the lateral aspect of the sheep brain, locate the suprasylvian fissure, which corresponds to the much longer and deeper lateral fissure in man. This fissure lies about midway between the anterior (frontal) and posterior (occipital) poles and runs in a ventral to dorsal direction. In the human brain the lateral fissure can be easily spread open to reveal an island of cortex (sometimes called the fifth lobe) known as the insula or island of Reil (see human atlas). The much smaller insula of the sheep brain can be seen only in cross-section. In the sheep, the temporal lobe is bounded rostrally (anteriorly) by the pseudosylvian fissure and dorsally by the suprasylvian fissure.

C. VENTRAL (BASAL) SURFACE. The ventral aspect of the brain is the view that is most similar in all mammals. Begin by examining the olfactory bulbs, which lie along the ventral surface of the anterior pole of the hemispheres (don't be concerned if they are missing.) The olfactory bulbs are actually smaller in the human brain than in the sheep brain, while in the rat they are proportionately much larger. (Why?) In the human and sheep one can follow the olfactory tract as it leaves the bulb, expands into a white triangle called the olfactory trigone, and then divides into two branches (1) a well-defined lateral olfactory tract which proceeds to the primary cortical olfactory area (forming part of the uncus or ventral tip of the temporal lobe) and to the dorsomedial part of the amgdaloid nucleus (beneath the uncus), and (2) a medial olfactory stria which goes to the septal area (medial olfactory area), which we shall see later on the medial surface of the hemispheres.

Locate the uncus (on the ventral aspect of the temporal pole): the gyrus that runs posteriorly from the uncus and is bounded laterally by the rhinal fissure is the parahippocampal gyrus. The rhinal fissure is the only fissure common to all mammalian brains and it is the only prominent indentation found in non-convoluted brains such as in rodents; it serves to separate the neocortex of the temporal lobe from the phylogenetically older cortex of the limbic system (hippocampal formation and cortical region of amygdala) and olfactory areas. The neocortex, which covers most of the cerebral hemispheres, is composed of six cellular layers in all mammalian species. In birds and reptiles the cortical mantle is termed archicortex and is composed of only three cell layers. In mammalian brains two kinds of "old", three-layered cortex survive. One type is termed paleocortex and is part of the olfactory system on the ventral surface of the brain. The oldest type of three-layered mammalian cortex is called archicortex and comprises the hippocampal formation (part of the limbic system) that we shall see later located inside the temporal lobe.

At about the middle of the basal surface, the optic nerves (which have been severed from the eyeballs) join to form the optic chiasm where many of the visual fibers cross to the contralateral (opposite) side. This arrangement assures that each hemisphere receives visual input from both eyes, and forms the basis for binocular vision. Posterior to the optic chiasm, the fibers separate laterally to form the optic tracts, which curve into the lateral geniculate bodies (nuclei) of the thalamus (although some fibers proceed instead to the superior colliculi). From the thalamus, visual information projects to the primary visual cortex in the occipital lobe.

Immediately posterior to the optic chiasm on the midline, look for a small, flat mass of bone and cartilage attached at the center which contains the hypophysis or pituitary gland. If the piece of bone is not present on your specimen, then the hypophysis will likely be missing also. The posterior third of the pituitary, the neurohpophysis, is actually part of the brain, receiving direct axon fibers from the hypothalamus directly above it, while the anterior two thirds, the adenohypophysis, is endocrine, not neural, tissue. The funnel-like structure remaining at the base of the hypothalamus after the pituitary has been torn away is the infundibulum, or pituitary stalk. The area of the hypothalamus in the immediate vicinity of (and surrounding) the infundibular stalk is the median eminence and should be clearly visible as a light gray region. The infundibulum contains no nerve cell bodies while the rest of the funnel-shaped region, the median eminence, does.

Moving posteriorly past the median eminence we come to a pair of white, round swellings called the mammillary bodies. In some sheep brains the two bodies are fused and appear as a single protuberance, thus obscuring the origin of their name. The mammillary bodies are nuclei of the hypothalami as well as one of the major terminations of the fornix, the thick fiber bundle that constitutes the major efferent projection of the hippocampal region.

Posterior to the mammillary bodies, identify the two thick stalks, or cerebral peduncles, which are nothing more than very thick bundles composed of projection fibers having motor functions which originate in many areas of the cerebral cortex and project to the brainstem. Perpendicular (transverse) postsynaptic fibers then cross over to the contralateral side of the brainstem and enter the cerebellum. The many layers of overlapping fibers form the prominent large bulge, the pons, that is clearly visible on the ventral surface of the brainstem.

As these pontocerebellar fibers course laterally and then dorsally into the cerebellum they form another thick white stalk called the middle cerebellar peduncle. Cutting through the pontocerebellar fibers perpendicularly, the trigeminal nerve (cranial nerve V) emerges on the ventral surface of the pons and may help to locate the middle cerebellar peduncle, the inferior and superior cerebellar peduncles. The superior cerebellar peduncle contains the major efferent projections of the cerebellum.

Meanwhile, the many fibers of the cerebral peduncles that do not digress to the cerebellum continue on their path to the spinal cord, passing through a region dorsal to the pontocerebellar fibers just described. These fibers form two long elevations, the pyramids, on the basal surface of the medulla oblongata, the area of the brain posterior to the pons. The pyramids are so named because in cross-section they have a triangular shape. The entire bundle of corticospinal fibers, which pass through the pyramids on the way from the cerebral hemispheres to the spinal cord, is called the pyramidal tract. (In this tract a single axon originating in the motor cortex may be as long as three feet in the case of a human, or 30 feet in a whale.) If your sheep brain is undamaged and well cleared of meninges and blood vessels you should be able to see a small midline bulge at the posterior end of the ventral medulla where most of the fibers in the pyramidal tracts cross over to the contralateral side. This area is called the decussation (crossing) of the pyramids. Thereafter the brainstem (referring collectively to the midbrain, pons and medulla) narrows sharply and the spinal cord begins.

II. INTERNAL ASPECTS OF THE BRAIN

A. MIDSAGI1TAL SECTION (medial aspect of the brain). With a long, sharp knife bisect the brain by slipping the knife into the anterior portion of the longitudinal fissure and cutting downward and back in one smooth motion (not sawing) until you have two symmetrical halves. If the two halves are unequal, trim the larger piece carefully until you reach the exact midline.

First identify the three main commissures --tracts that contain fibers that connect like (homologous) areas of the two hemispheres. The largest commissure is the very thick, white band called the corpus callosum, which runs in a rostral-caudal (anterior-posterior) direction and arches slightly at each end. The corpus callosum connects the cerebral cortices of the two hemispheres. Directly below the corpus callosum is a thin sheet of nerve cells and ependymal tissue, the septum pellucidum, which separates the two lateral ventricles. The septum pellucidum is an extension of the medial olfactory (septal) area, although in the human brain it contains only a few sparse neurons and consists mainly of a double membrane of ependyma (smooth, shiny connective tissue that lines all the ventricles). The septal area is much thicker in the rat brain and comprises the lateral and medial septal nuclei.

Under the corpus callosum notice a fiber tract running anteriorly and ventrally: this is the fornix. The fornix fibers are fused into one thick bundle on the midline behind the septum, but separate laterally into two branches (one on each side of the brain) as they descend to the base of the brain. After the branches separate, they become the columns of the fornix, each of which arches ventrally and posteriorly (like a pair of ram's horns) to enter a mammillary body [see Netter, p. 28 (old) or p. 153 (new)]. At the posterior end of the fornix as it emerges from the hippocampus is located the second major commissure (crosssection), the hippocampal commissure which connects the two hippocampi. A third commissure, the anterior commissure, is visible in exact cross-section as a small, white disc just below the midline fornix. The anterior commissure provides additional connections between the temporal lobes and between the olfactory bulbs.

The long arched convolution (usually two convolutions side by side in the sheep) dorsal to the corpus callosum is the cingulate gyrus. The cingulate gyrus has a different microscopic structure from other cortex and is also connected with the parahippocampal gyrus by a narrow isthmus beneath the caudal portion of the corpus callosum; it is included in the limbic system to which it appears to be functionally related.

Identify the centrally located thalamus from this view as well as the massa intermedia, hypothalamus, optic chiasm, mammillary bodies, cerebral peduncle, pons, cerebellum and medulla. If your midsaggital section is very close to the midline, you may be able to see a lateral depression below and in front of the thalamus; this is the hypothalamic sulcus which forms one wall of the third ventricle and outlines the medial hypothalamus.

B. THE VENTRICULAR SYSTEM. Using the midsagittal section as well as subsequent dissections you should review the structural relationships of the four ventricles of

the brain. Look for a grey or reddish tuft of tissue, which may be protruding from the lateral ventricle between the fornix and the thalamus. This is the choroid plexus which manufactures cerebrospinal fluid (CSF). The CSF fills the extensive lateral ventricles in the cerebrum, then flows out of an interventricular foramen (hole) into the third ventricle separating the two thalami. It then flows posteriorly through the cerebral aqueduct to the fourth ventricle located between the pons (and part of the medulla) and the cerebellum. CSF leaves the fourth ventricle by way of two lateral apertures just below the flocculi of the cerebellum and one median opening at the ventral posterior end of the cerebellum, joining CSF produced by more choroid plexus located in the lateral apertures. From the fourth ventricle, CSF flows all around the exterior of the brain in the subarachnoid space (the arachnoid is the middle layer of meninges) until it is taken up into venous reservoirs (sinuses).

C. THE CORPUS CALLOSUM, LATERAL VENTRICLE, HIPPOCAMPUS, AND CAUDATE NUCLEUS. Starting at the dorsal surface of ONE of the cerebral hemispheres, remove a series of slices in planes parallel to the corpus callosum (horizontal sections). (Return the other hemisphere to the jar of preservative solution.) Clear off the surface of the corpus callosum. The lateral ventricle lies under the corpus callosum near the midline. To expose it make a flap of corpus callosum by cutting (in the coronal plane) laterally from the midline through the corpus callosum at both its anterior and its posterior extremes. (Do not cut deeper than the thickness of the callosum). Extend the cuts about 1/2 inch from the midline. Lift up the flap of the corpus callosum and expose the structures on the floor of the lateral ventricle. The lateral wall of the ventricle is formed anteriorly by the caudate nucleus. Blood vessels are characteristically seen on the surface of this nucleus. The hippocampus lies at the floor of the posterior part of the ventricle. Fibers from the hippocampal soma (neuronal cell bodies) course laterally to a broad band of fibers called the fimbria. From posterior to anterior, the fimbria runs antero-medially and becomes the fornix at the anterior continuation of the hippocampus.

Although the hippocampus is a prominent part of the human brain, it is proportionately much larger in lower animals --for example --the human hippocampus lies only under the tip of the temporal horn of the lateral ventricles; the rat hippocampus, however, has both a dorsal and a ventral component.

Make a drawing of this dissection showing the relationship between the corpus callosum, lateral ventricles, fornix, and caudate nucleus. Now cut through the fornix at the septum pellucidum, and gently bend the fornix and hippocampus back to reveal the structures beneath them. You should be able to see the thalamus and the pineal gland. Thus, you should now be able to name the structures that form the lateral, dorsal, ventral, and medial boundaries of the lateral ventricles. What are they?

Expose the rest of the hippocampus by first inserting a blunt instrument down from the posterior end of the ventricle into the inferior horn of the ventricle. Then cut from the outer wall of the cerebrum inward to the inserted instrument, thus exposing the whole inferior horn. Next remove small pieces at a time until the remainder of the posterior portion of the hippocampus is exposed. You might be able to see the amdgdaloid nuclei, which lie near the anterior tip of the hippocampus.

Draw the hippocampus from a lateral viewpoint. Show in this drawing the relationship between the hippocampus, the caudate nucleus, and the lateral ventricle.

D. CORONAL SECTIONS. Use the intact half of the brain to make a series of coronal sections. Begin at the frontal pole and cut sections perpendicular to the dorsal surface of the brain until the anterior horn of the lateral ventricle is visible, then keep cutting sections about 1 cm thick until you have passed the posterior horn of the lateral ventricle. Examine each section and review the outline of structures described thus far. It will probably help to make diagrams and label them with the aid of coronal sections from neuroanatomy texts or atlases (see Skinner).

There are several internal structures of the telencephalon that have not yet been described. Seen in either coronal or horizontal section they appear in the following order, moving from lateral to medial: the insula, or insular neocortex is separated from a more medial area of thin grey matter, the claustrum, by the extreme capsule (a white area of cortical fibers). The claustrum is in turn separated from the lenticular nucleus by the external capsule. The lenticular nucleus is a large lens-shaped grey (nuclear) area that is composed of an outer, darker shell, the putamen, and a more medial portion, the globus pallidus, that contain more fibers and hence is lighter (more pallid) in color. In coronal section, the lenticular nucleus is separated from the more medial thalamus and the more dorsal caudate nucleus by a large white area called the internal capsule. The internal capsule is composed of descending projection fibers to the brainstem (projection fibers are those axons which connect unlike structures) from many areas of the cerebral cortex and thus is the dorsal extension of the cerebral peduncles. You should now be able to realize how the corticospinal fibers, particularly the pyramidal tracts, traverse the brain as part of a series of different anatomical structures (What are they?). The internal capsule also provides reciprocal connections between the cortex and the thalamus, which contains a number of relay nuclei for incoming sensory information. The caudate nucleus, lenticular nucleus and a portion of the internal capsule form a structural grouping which, because of its striped appearance, is called the corpus striatum (for functional reasons the internal capsule is omitted by some authors).

In addition to the close structural relationship, the caudate, lenticular nucleus, claustrum and amygdala (the caudate nucleus has a very long curved tail which is continuous with the amygdaloid nucleus near the tip of the temporal lobe) are often grouped with certain other nuclei of the brainstem, such as the substantia nigra, because of similar motor functions. The nuclei are collectively referred to (mainly in neurology) as the basal ganglia (thus breaking the rule that areas of cell bodies inside the CNS are referred to as nuclei whereas those outside the CNS are referred to as ganglia). They are also collectively referred to (along with other motor areas such as the cerebellum) as the extrapyramidal motor system (however, this term is variously interpreted).

There is another type of fiber bundle that may be identified in the coronal sections of the white matter of the cerebral hemisphere. Fibers that connect one area of cortex with another area of cortex in the same hemisphere are called association fibers. An example is the cingulum, a band of fibers that runs beneath the cingulate gyrus all the way from the septal area, over the corpus callosum, to the parahippocampal gyrus. It is thus generally believed to be a major association bundle of the limbic system. Try to identify other examples of association, commissural and projection fibers in your sections.

