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Lecture: Vegetative nervous system. - 2 hours

Goal and motivation: This knowledge is important for future understanding the Topographic Anatomy course Surgery, Traumatology and other medical specialties.

Plan and structure of the lecture:
1. Instruction.
2. The brief history of the quastion.
3. The stages of phylogenesis VNS.
4. The development of mans VNS (ontogenesis).
5. The common description of VNS:
a) The principle of foci in VNS;
b) The spreading of fibers VNS in organism.
c) The idea about vegetative ganglions and its classification;
d) The peculiarities of structure reflex arch of VNS in comparison with
animal.
6. The descripcion of vegetative centres.
7. The common description of VNS's sections (the difference of sympathetic and parasympathetic sections of VNS).
8. Some private questions about vegetative innervation and clinico-anatomical aspects of this quastions.
9. Conclusion.
>
The text of the lecture:

1.   Instruction.
It's known that the majority of animals and man have the nervous system which provides introcommunication and unity of organism with surroundings, regulates metabolism and special functions of organs and tissues. Also the nervous system penetrates into all organs and tissues, connects, them into one part, which always higher and diffically from separate parts of the organism. The dialectics of relationships comes from the fact of integration with help of nervous and endocrine systems of all parts of organism into part. The lowest subordinares to the higher, especially to the hemisphere cortex of cerebral which coordinates and govemes by activity of all systems and organs in structure of whole organism.

The morfology of vegetative nervous system (VNS) presents one of the most complicated part in anatomy and in histology. Nowadays the VNS is not autonomous nervous system, it's a specialized part of it, which subordinates to higher parts of nervous system and on the whole to the hemisphere cortex of cerebral.

2. The history of the quastton.
The studing VNS in historical aspects connected with the studing of nervous system in whole.

CI. Halen (A. D. 31-200) in descripcion of cranial nerves which calls "six pair" described vagus nerve (X pair). He thought that the branches of vagus nerve had a considerably spreading.

Later A. Vesaly (1514-1564), the great reformer of anatomy descrabed a sympathetic trunc in his book "About the structure of
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2. The history of the quastion.
The studing VNS in historical aspects connected with the studing of vous system in whole.

CI. Halen (A. D. 31-200) in descripcion of cranial nerves which calls x pair" described vagus nerve (X pair). He thought that the branches vagus nerve had a considerably spreading.

Later A. Vesaly (1514-1564), the great reformer of anatomy ?c-abed a sympathetic tru'nc in his book "About the structure of the human body". He called it the biggest branch of vagus nerve. The sympathetic trunk was called "intercostal nerve" by the russian anatom Ivanov (1780).

In 1732 Vinslow called three groups of nerves. Their branches spreading on internal organs and realized a cooperating influence and "likings" to each other. In that time was formed the doctrine about likings and sympathies of organs when they Jailing ill.

Vinslow atribute to the sympathetic system such nerves:

1) The great sympathetic nerve (frontier sympathetic trunk);
2) The middle sympathetic nerve (vagus nerve);

3) The lesser sympathetic nerve (facial nerve).

So. we can say that the idea "sympathetic system" includes the elements like para and sympathetic system.

In 1780 the russian scientist D. Ivanov prooved the connection of sympathetic trunk with the intercostal nerves with help of grey connecting branches and he was the first who rejected the Vesalys opinion that sympathetic trunk connects with vagus nerve.

The great anatomist from France Bisha (1771-1802) offered the deviding of all nervous system into 2 parts — animal with the center — brain; and vegetative with the centers in form of trunks.

This all preparated the ground for the works of Laingly (1898). He established that the vegetative efferent conductors had two neurons. Laingly introduced the term "autonomic" for the vegetative nervous system. He devided VNS into 2 parts: sympathetic and parasympathetic. After him in 20th years our century Cannon and Levi discovered the different mediators, which appeared in synapses in the time of excitation.

Phylogenesis of VNS.
The principal stades of phylogenesis VNS all seen if we study anatomical hystological peculiaties this system using representatives different classe of vertebrates.

Lanceolate's VNS is formed by nervous plexus in the wall of intestinal tube and another internal organs, which are descended from visceral branches of dorsal spinal-cerebral nerves, The nervous cells dispers difusionaly without ganglions. (In both sides of central canal spinal-cord). There are a lot of preganglionic nervous fibers in both sides of central canal of spinal-cord.

Lamprey, cenaxum — sharps, the lowest vertebratis have a system of vagus nerve, which sent the vegetative fibers to the heart and into the first part of digestive system. The ganglional nodes of vegetative cells appear but they haven't sympathetic trunk becaus the nodes aren't connected.

The sympathetic trunk appear at first at bony fishes and amphibians.

The area of innervation, providing by the vagus nerve, in phylogenesis spread in intestenial tube in caudal direction, proganglional fibers of sympathetic system goes out from the spinal-cord through the ventral roots. But ail proganglional fibers goes out from spina! cord in structure of front roots. The structure of cells vegetative ganglions becomes more difficulty from not differential cells at sharps to Dagel's cells l-ll-lll types. And cephalisation becomes too.

5 -4.   Ontogenesis of VNS.
The nervous cells appear at the way of reproduction and differentiation neuroblastos in places of cerebral vesicle and at the nervous tube in trunk. We have two conceptions about the origin this cells — mesenchymal and neuroectodeumal. The cells of nodes the frontier sympathetic trunk goes from ganglional plate.

The Laying of parasympathetic cerebral's nodes began when cells from midbrain and medulla oblongata comes to the places of final localisation along the layings of cerebral nerves with which this nodes will connected. After the forming of contact preganglionic fibers with ganglion on ceils form neurites. Differntiation and grownth this vegetative neurites in brain and in ganglions are behind. Soft fibers — peripheral shoots of cells from spinal ganglion, grow into the vegetative ganglions and plexus.

5.  The Common Description of VNS.
There is still a difference in understanding of VNS. There are 3 determinations from the morphologycal point of view. Very often it means: only effective system, which innervates involuntary muscules and glandules, it provides the trophic innervation of sceleton musculation. It included the nucleouses, conductors and ganglions.

More narrow determination — itis a totality only peripheral parts of nervous system, connecting with vegetative life of organism.

More wide determination of VNS as a part of nervous system of organism including not only central and peripheral groups, but afferentive and associated groups.

Very often it call autonomical but it's not a special peculiarity.

So, the deviding VNS from animal is very conditionally, they often connected with each other morphologically and functionaly, they united by the haemosphere cortex of brain. In VNS, peripheral nerves and ganglions of somatic nervous system vegetative and somatic neurones synapticaly and topographicaly connected with each other.

That is why the termine "Vegetative nervous system" should understand not only independency system, but also like Vegetative Part of nervous system.

5 (a) The principal of foci in VNS.
The somatic fibers go out from brain in composition of 9th pairs of cerebral nerves (except I.II.VH) and also in composition of 31 pair of spinal cord nerve, and efferent fibers VNS go out from brain in composition only 4th pairs (III.VII.IX.X) cerebral nerves, but from the spinal cord in composition of frontier roots VIII cervical, 12th thoracic, 2-3 lumbar and 2-4 sacral spinal cord nerves. For the VNS typical a focalty. The fibers of the vagus nerve innervaties all organs og thoracic and the majority of organs.

There are four (14) foci of brain and spinal cord. The fibers of VNS go out to periphery:

1.  Mesencephalinal  (midbrain) — the vegetative  nucleus  of Yackubovich, which belong to the third (III) pair of cephalic nerves.

2.
Ponto-bulbar — the vegetative nucleus of VII.IX and X pairs of
cephalic nerves.

3. Thoraco-lumbar— it is the cells of nucleuses lateral horns from the VIII neck — I thoracic to ll-lll lumbar segments of spinal cord.
4. Sacral (sacral) — also from the nucleus of lateral horns, which lay on a level with ll-IV sacral segments.

5 (b) The spreading of fibers VNS.
The Orbeili's school establish that the VNS has adaptatio — trophic function., it regulates the level of metabolism in all parts of organism in accordance with a changing condition of environment, and the conditions of works of all organs and tissues.

The somatic nervous system manages the special function of contraction of urbitrary musculation, movements of body, it innervates soma — apparatus of support and movements.

Excepting the adaptatio-trophic function, the VNS rules special functiones of some organs (glands; smooth musculation; cardiac, Bowman's muscle and pupil muscle), it's not typical for somatic system.

5 (d) The peculiarities of structure reflex arch of VNS.
The scheme of simply vegetative reflex arch is similar to the scheme of reflex arch in somatice nerve system. There are 3 (three) basic links — afferent (receptor), associative (intercalative), and efferent (effector), is presented by neurones.

But localisation this links for VNS is another From somatic nervous system (SNS). The receptor link is presented for VNS and SNS by the cell of spinal-cerebral node, but for VNS dendrites of this cells riches tissues of internal organs, the biggest vessels, glands, and in SNS receptors are in soma and in skin. Neurites of this cells in VNS finishes on cells of lateral horns of spinal cord or vegetative nucleosus of brain in difference from axones of cells I link of SNS, which reaches posterior horn or sensitive nucleosus of cephalic nerves.

More difference has intercalative link of VNS. The bodies of II neurones are in nucleouses of lateral horns or in structure of vegetative nucleosus of cephalic nerves, neurites of this cells overstep the limits of cephalic and spinal cord and reaches on periphery the special formations typical only for VNS, where it finishes with synapsis on the cells of nodes.

The differences between VNS and SNS are in the third (III) effector link of reflex arch. The body of the third neurone in SNS are in the structure of motor nucleosus of cephalic nerves or in nucleosus of anterior horns of spinal cord and only it axon leave the CNS (central nervous system) and goes to peryphery in structure of cephalic or spinal cord nerves reaches some muscule. But the bodies of all neurones of the third (III) link are in peryphery or they throw about the way of some nerves, or they form vegetative ganglions. It's neurites are in structure of peripheral nerves or in vegetative nerves comes to work-organs neurites of intercalative neurones calls preganglionic fiber, and neurites of efferent neurones, which comes to work organ calles postproganglionic or postnodal fiber.

So, the effector parts of reflex arch of VNS consists of 2 parts — central, and vegetative nodes are the perypheral center of VNS.

I. P. Pavlov said that the nerve center is an "accumulation" of nerve cells, the nerve center is an any part of nervous system, where synaptic connections are between neurones and there happening switchings of nervous impulses from one neurones to another.

There are a lot of centers in structure of peripherical part of VNS and it's throw about the body abd correspond to prevalence of VNS in organism and prooved its primitive in comparison with somatic or animal nerve system.

5 (c) The ganglions of the VNS.
The vegetative ganglions are the difference between the VNS and SNS.

The internal structure in VNS is similar, but on localisation they devided into two groups:

1. Extramural — laying far from innervating organs.
2. Intramural — laying inside innervating.
In structure of the first group distinguishing paravertebral ganglions — nodes, which lays on both sides from spinal column, that is the frontier sympathetic trunk and prevertebral, that is the nodes of celiac, mesenterical plexuses.

In structure of the second groups of nodes we distinguishe vegetative ganglions of head and neck, which laying near the innervating orgabs (otic, ciliary, submaxillary, pterygopalatine).

It we systematise this common data about VNS and it differences from SNS, we can:
1.
VNS — the part of nervous system, specialized in adaptio
throphical function to all organs and parts of the body. Somatic nervous
system specialized in sending impulses to sceleton muscules.

2. VNS — has occuring everywhere spreading in organism, and SNS innervates only apparatus of movement and support.
3. VNS has foci in centers and in exit of fibers from brain, and has segments,
4. VNS has peripheral centers —- vegetative ganglions, and SNS hasn't it.
5. VNS has smaller gauge of nerves fibers, it hasn't soft cover, and it has smaller speed of conducting nervous impulse then SNS has, where the fibers are more thick and has soft cover, it has the speed of conducting nerve impulses hill (100 m/sec.) and (0,4 m/sec.) in SNS.
6.
In first link of reflex arch the VNS and SNS has a different
localisation of receptors and synapses.

Besides the four foci of VNS in the structure of cephalic and spinal cord, it have another structures of brain in trunk, in diencephalon, endbrain which form the higher centers of VNS.

This centers are:
1. In metencephalon — the vasomotoria! center, cerebellum.
2. Midbrain — the grey substance arround the silviev agueduct.
3. The reticulary formation of brain's trunk.
4. Diencephalon — the regio of hypothalamus (regulation of breath; exchanging functions).
5. Endbrain — striate body and olfactory brain.
6. The cortex of haemospheres of brain — temporal and frontal lobes, island.

Hie big significance for regulation of vegetative function has hypothalamic regio, where the main role play hypothalamo-hypophysial system, which regulates all endocrine glands with the help of nerve and humoral factors.

Unification and coordination of vegetative and animal function of organism in whole makes the cortex of haemospheres of brain, especially it premotorial regio, the cortex of frontal and temporal lobes and island.

There are many talk that vegetative nodes has own afferent innervations, and arch can lock of perypheral reflexes, and also 2 streams coordinate — from the center to peruphery and, in this moment the CNS automatically regulates the functions of vegetative ganglions.

7. The common description of sections of VNS.
There are 2 sections in structure of VNS: sympathic and parasympathetic.

This sections has morphological and functional differences.

Deviding the VNS into sections apply to intercalative and efferent links without afferent and suprasegmental apparatus.

The morphological differences of parasympathetic and sympathetic section of VNS are:

1.   Parasympathetic  section  has   mesencephalic,   pontobulbar  and sacral foci of VNS, and sympathetic has only thoracolumbar. 2. The region of innervation of parasympathetic section is more limit (all internal organs, and smooth musculation of eye).

Sympathetic nervous system innervates all internal orgaorgans, all vessels, muscules and also skeletal musculation (trophical function), (a. chorre). (Parasympathetic innervation hasn't smooth-muscules covers). Smooth-muscules covers of vessels, adrenals, muscules of hair follicle hasn't parasympathetic innervation.

3. For sympathetic section is typical extramural ganglions (first groupe), and for parasympathetical sections is typical intramural and juxtamural ganglions (the second groups) The length of preganglional fibers is more in parasympathetic section.
4. The mediator of sympathetic nervous system — noradrenalin, in parasympathetic — aectyi-choline (in somatic system too).

8. Some privrte questions about VNS and clinico-anatomical aspects of this quastion.
Efferent parasympathetic innervation of eye realized from mesencephalic focus of VNS. Preganglional fiber go'in the structure of the III pair of cephalic nerve to ciliary ganglion. Preganglional fibers in the structure of brief ciliary branches come to eye and do efferent innervation of ciliar muscule and muscule which narrowing pupii.The effect of action is a narrowing of pupil, accommodation, falling back of eye.

Efferent sympathetic innervation of eye goes from cells of nucleosus lateral horns of spina! cord at level of the last cervical and 2 upper tharacis segments. Preganglional fibers reach the upper cervical sympathetic ganglion. Postganglional fibers go in structure of plexus of internal carotic and orbital arteries, and they innervate redial muscule of eye, widing the pupil. The common symptoms for strike of sympathetic's frontier node are the breach of muscule tonus, vibration, hypeestesia, (causalgius), the strike of sweating, the vessel and trophycal shatters of a skin, bones.

Parasympathetic innervation of lacrimal gland goes from the upper salivational nucleosus of intermediate nerve which now consider the vegetative — sensitive part of facial nerve. Preganglional fibers in the structure of the big petrosal nerve reach pterygopalatine node, and his branches through maxillary — zygomatic — lacrimal enter to lacrimal gland and do its secretory innervation.

The strike of vegetative innervation of lacrimal gland goes to the breach of it functions.

Parasympathetic innervation of submaxillary and hypoglossal salivary glands also goes from the upper salivational nucleosus of facial nerve. Preganglional fibers in the structure of cord of the tympanum and glossus nerve comes to submaxillary ganglion, and postganglional — to hypoglossus and submaxillary lacrimal glands. The functions — secretion of more quantity of liquid salivar.

Parasympathetic efferent innervation of parotid salivary gland go from the lower salivational nucleosus of hypoglossus nerve.

Preganglional fibers with tympanial and then the small petrosal nerve come to ear's ganglion. Postganglional fibers with tympano-temporal nerve go to parotid salivary gland, branches there and finish.

Function — secretion of gland, widlning the gland's vessels.

efferent sympathetic innervation of all salivary glands go from sympathetic nucleous of lateral horns, which laying at level of the lower cervical and 2 upper thoracis segments. Postganglional fibers at the way of common, external, internal carotic plexuses of arteries and entry into glands, finish there, cause secretion of thick, glutinous salivar.

The strike of the highest sections of VNS is a serious problem. For example: the strike of diencephalon goes to narrowing or widdening of vessels, vibration of the blood pressure, rythm of heart, breach of the breach, some functions of hemopoiesis, sweating thermoregulation. Regulation of sleep is breaking, the function of glands of internal secretion, shatters the metabolic process (water, salt, earbohydrate, fatty, albuminous), appears the pathologic starvation and thirst.
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