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Systematic indications for seminar classes on the topic № 72: Olfactory brain. Limbic system
Motivational characteristic of the topic:

The knowledge of this topic are necessary for doctors of all specialties, it represents special interest for therapists.
Aims of the classes:

To get known about structure and functions of olfactory brain and limbic system.
The student must be able to demonstrate:

1. Parts of olfactory brain.
2. Structures of limbic system.

The student must know:

LIMBIC SYSTEM 

The word limbic means border or margin, and the term limbic system was loosely used to include a group of structures that lie in the border zone between the cerebral cortex and the hypothalamus. Now it is recognized, as the result of research, that the limbic system is involved with many other structures beyond the border zone in the control of emotion, behavior, and drive; it also appears to be important to memory. 

Anatomically, the limbic structures include the subcallosal, the cingulate, and the parahippocampal gyri, the hippocampal formation, the amygdaloid nucleus, the mam-millary bodies, and the anterior thalamic nucleus. The alveus, the fimbria, the fornix, the mammillothalamic tract, and the stria terminalis constitute the connecting pathways of this system. 

Hippocampal Formation 

The hippocampal formation consists of the hippocampus, the dentate gyrus, and the parahippocampal gyrus. The hippocampus is a curved elevation of gray matter that extends throughout the entire length of the floor of the inferior horn of the lateral ventricle. Its anterior end is expanded to form the pes hippocampus. It is named hippocampus because it resembles a sea horse in coronal section. The convex ventricular surface is covered with ependyma, beneath which lies a thin layer of white matter called the alveus. The alveus consists of nerve fibers that have originated in the hippocampus, and these converge medially to form a bundle 

called the fimbria. The fimbria, in turn, becomes continuous with the crus of the fornix. The hippocampus terminates posteriorly beneath the splenium of the corpus 

callosum. 

The dentate gyrus is a narrow, notched band of gray matter that lies between the fimbria of the hippocampus and the parahippocampal gyrus. Posteriorly, the gyrus accompanies the fimbria almost to the splenium of the corpus callosum and becomes continuous with the indusium griseum. The indusium griseum is a thin, vestigial layer of gray matter that covers the superior surface of the corpus callosum. Embedded in the superior surface of the indusium griseum are two slender bundles of white fibers on each side called the medial and lateral longitudinal striae. The striae are the remains of the white matter of the vestigial indusium griseum. Anteriorly, the dentate gyrus is continued into the uncus. 

The parahippocampal gyrus lies between the hip-pocampal fissure and the collateral sulcus and is continuous with the hippocampus along the medial edge of 

the temporal lobe. 

Amygdaloid Nucleus 

The amygdaloid nucleus is so named because it resembles an almond. It is situated partly anterior and partly superior to the tip of the inferior horn of the lateral ventricle. It is fused with the tip of the tail of the caudate nucleus, which has passed anteriorly in the roof of the inferior horn of the lateral ventricle. The stria terminalis emerges from its posterior aspect. The amygdaloid nucleus consists of a complex of nuclei which can be grouped into a larger basolateral group and smaller corticomedial group. The mammillary bodies and the anterior nucleus of the thalamus are considered elsewhere in this text. 

Connecting Pathways of the Limbic System 

These pathways are the alveus, the fimbria, the fornix, the mammillothalamic tract, and the stria terminalis. The alveus consists of a thin layer of white matter that lies on the superior or ventricular surface of the hippocampus. It is composed of nerve fibers that originate in the hippocampal cortex. The fibers converge on the medial border of the hippocampus to form a bundle called the fimbria. The fimbria now leaves the posterior end of the hippocampus as the eras of the fornix. The cms from each side curves posteriorly and superiorly beneath the splenium of the corpus callosum and around the posterior surface of the thalamus. The two crura now converge to form the body of the fornix, which is applied closely to the undersurface of the corpus callosum. As the two crura come together, they are connected by transverse fibers called the commissure of the fornix. These fibers decussate and join the hippocampi of the two sides. Anteriorly, the body of the fornix is connected to the undersurface of the corpus callosum by the septum pellucidum. Inferiorly, the body of the fornix is related to the tela choroidea and the ependymal roof of the third ventricle. The body of the fornix splits anteriorly into two anterior columns of the fornix, each of which curves anteriorly and inferiorly over the interventricular foramen (foramen of Monro). Then each column disappears into the lateral wall of the third ventricle to reach the mammillary body. The mammillothalamic tract provides important connections between the mammillary body and the anterior nuclear group of the thalamus. 

The stria terminalis emerges from the posterior aspect of the amygdaloid nucleus and runs as a bundle of nerve fibers posteriorly in the roof of the inferior horn of the lateral ventricle on the medial side of the tail of the caudate nucleus. It follows the curve of the caudate nucleus and comes to lie in the floor of the body of the lateral ventricle. 

Structure of the Hippocampus and the Dentate Gyrus 

The cortical structure of the parahippocampal gyrus is six-layered. As the cortex is traced into the hippocampus, there is a gradual transition from a six- to a three-layered arrangement. These three layers are the superficial molecular layer, consisting of nerve fibers and scattered small neurons; the pyramidal layer, consisting of many large pyramid-shaped neurons; and the inner polymorphic layer, which is similar in structure to the polymorphic layer of the cortex seen elsewhere. The dentate gyrus also has three layers, but the pyramidal layer is replaced by the granular layer. The granular layer is composed of densely arranged rounded or oval neurons that give rise to axons that terminate upon the dendrites of the pyramidal cells in the hippocampus. A few of the axons join the fimbria and enter the fornix. 

Afferent connections of the hippocampus may be divided into six groups: 

1.  Fibers arising in the cingulate gyrus pass to the hippocampus. 

2.  Fibers arising from the septal nuclei (nuclei lying within the midline close to the anterior commissure) pass posterior in the fornix to the hippocampus. 

3.  Fibers arising from one hippocampus pass across the midline to the opposite hippocampus in the commissure of the fornix. 

4.  Fibers from the indusium griseum pass posteriorly in the longitudinal striae to the hippocampus. 

5.  Fibers from the entorhinal area or olfactory-associated cortex pass to the hippocampus. 

6.  Fibers arising from the dentate and parahippocampal gyri travel to the hippocampus. 

Efferent Connections of the Hippocampus 

Axons of the large pyramidal cells of the hippocampus emerge to form the alveus and the fimbria. The fimbria continues as the cms of the fornix. The two crura converge to form the body of the fornix. The body of the fornix splits into the two columns of the fornix, which curve downward and forward in front of the interventricular foramina. The fibers within the fornix are distributed to the following regions: 

1.  Fibers pass posterior to the anterior commissure to enter the mammillary body, where they end in the medial nucleus. 

2.  Fibers pass posterior to the anterior commissure to end in the anterior nuclei of the thalamus. 

3.  Fibers pass posterior to the anterior commissure to enter the tegmentum of the midbrain. 

4.  Fibers pass anterior to the anterior commissure to end in the septal nuclei, the lateral preoptic area, and the anterior part of the hypothalamus. 

5.  Fibers join the stria medullaris thalami to reach the habenular nuclei. 

Consideration of the above complex anatomical pathways indicates that the structures comprising the limbic system not only are interconnected, but also send projection fibers to many different parts of the nervous system. Physiologists now recognize the importance of the hypothalamus as being the major output pathway of the limbic system. 

Functions of the Limbic System 

The limbic system, via the hypothalamus and its connections with the outflow of the autonomic nervous system and its control of the endocrine system, is able to influence many aspects of emotional behavior. These include particularly the reactions of fear and anger and the emotions associated with sexual behavior. There is also evidence that the hippocampus is concerned with converting recent memory to long-term memory. A lesion of the hippocampus results in the individual being unable to store long-term memory. Memory of remote past events before the lesion developed is unaffected. This condition is called anterograde amnesia. It is interesting to note that injury to the amygdaloid nucleus and the hippocampus produces a greater memory loss than injury to either one of these structures alone. There is no evidence that the limbic system has an olfactory function. The various afferent and efferent connections of the limbic system provide pathways for the integration and effective homeostatic responses to a wide variety of environmental stimuli. 

Task for self-control of the initial level of knowledge:

1. Parts of olfactory brain.
2. Structure of limbic system.

Control questions:

1. Olfactory brain (topography, parts, structure, functions).

2. Limbic system (topography, structure, functions).

Methodic of class work:
    a) interrogation of the students on the home task;

    b) study of samples (topic according to the plan);

    c) fill in the protocol of current lesson;

    d) checking and signing the protocols by teacher. 

The illustrative material: tables, samples.
Control of knowledge with the help of situational tasks.

There is disturbed olfactory function after the trauma of the nose. Which part of the olfactory brain was injured?

A-bulbus olfactorius

B-lamina pelucida

C-tractus olfactorius

D-trigonum olfactorius

* E-olfactory receptors

There are fractures of skull’s bones in the region of the lamina cribrosa after the trauma. The patient can not smell. Which formation is injured?

A-II branch

* B-bulbus olfactorius

C-olfactory tract

D-trigonum olfactorium

E-optic nerve

There is wide hematoma in the anterior cerebral fossa after the skull’s trauma. What formations of the olfactory tract are pressed?

A-gyrus dentatus

B-gyrus fornicatus

C-anterior substantia perforate

* D-olfactory bulbus tract trigonum

E-uncus

The patient can not smell after infalmation of the nasal cavity and paranasal sinus. Which part of the olfactory tract was injured?

A-olfactory bulbus

B-trigonum olfactorius

* C-receptors

D-mammary bodies

E-olfactory tract
Literature for final level of the knowledge:

а) basic

1. Gray's Anatomy for Students / Richard L. Drake Ph.D, A. Wayne Vogl, Adam W.M. Mitchell, - 2010, 2092 p.

2. Clinically Oriented Anatomy / by Keith L. Moore, Anne M. R. Agur, 2013.

3. Atlas of Human Anatomy / Frank H. Netter,- 5 edition, - 2011 by Saunders, an Imprint of Elsevior Inc.

4. Guidance for practical classes on Human Anatomy / Borys Y. Reminetskyy, Yaroslav I. Fedonyuk, Volodymyr D. Voloshyn. - Ternopil, Ukrmedknyha. - 2003, 203 p.

5. Materials preparation for lectures

6. Materials preparation for practical classes

b) additional

1. Lecture.

2. Human anatomy & physiology / Elaine N. Marieb, Katja Hoehn., San Francisco : Benjamin Cummings, 2010., 8th edition.

3. Atlas of Human Anatomy/ Sobotta, 2010

4. Atlas of Human Anatomy / Frank H. Netter, 2009

Methodical instructions have been prepared by: I.V. Prus, Assistant.

