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The Nervous System

• The nervous system monitors and controls almost every organ / system through a series of positive and negative feedback loops.
• Division of the nervous system:

 (
The Peripheral Nervous System (PNS): Formed by
neurons & their process present in all the regions of the
 
body.
) (
It consists of cranial nerves arises from the brain &
 
spinal nerves arising from the spinal cord.
)


•  Motor ( Efferent ) neurons have two major categories :
- Somatic motor neurons .                                                                                                                                            - Autonomic motor neurons    

• Somatic nervous system :
 (
 
– 
Cell bodies of motor neurons are in the 
CNS 
(brain or spinal cord)
.
–
 
Axons are 
well 
myelinated
 
.                                                                                        
                
                             
– 
Their axons (sheathed in spinal nerves) extend all the way from 
CNS 
to their   
 
skeletal
 
muscles.
 
– Conducts
 impulses 
rapidly
 along a single axon from the spina
l cord to the   
neuromuscular 
junction.                                                                                                           
                                                               
     
–  Controls organs under 
voluntary
 c
ontrol (mainly skeletal muscles) .
)
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•  Autonomic nervous system system: 

–Autonomic motor control involves two neurons in the efferent pathway.
         – 1st = preganglionic neuron: 

* In grey matter of brain or spinal cord 
*Axon is myelinated type fiber that extends to autonomic ganglion.

– 2nd = Postganglionic neuron:

    * Cell body lies outside the CNS in an autonomic ganglion .
    *Axon is unmyelinated type fiber that terminates in a visceral effector .

· The efferent autonomic signals are transmitted to the various organs of body through the sympathetic nervous system and the parasympathetic nervous system .
· Sympathetic and parasympathetic systems consist of myelinated pre-ganglionic fibers which make synaptic connections with un-myelinated postganglionic fibers and then innervate the effector organ.
· These synapses usually occur in clusters called ganglia (Autonomic). 

 – Conduction is slower due to thin or un-myelinated axons.
  – Controls organs under involuntary control which includes :
cardiac, smooth muscles and glands.
– It regulates individual organ, visceral functions and homeostasis, known as the visceral or automatic system.

–Helps to adapt the changes in their environment. Adjusts or modifies functions in response to stress such as blood pressure, body temperature, sweating. 




 (
-The ANS is predominantly an efferent system transmitting impulses from the Central Nervous System (CNS) to peripheral organ systems. 
-Its effects include: 
Control of hea
rt rate and force of contraction
    
Constriction and dilatation of blood vessels
       
Contraction and relaxation of smooth muscle
Visual accommodation
Secretions fro
m exocrine and endocrine glands.
-ANS activated by centers located in the spinal cord, brain stem, hypothalamus and also cerebral cortex especially the limbic cortex can transmit signals to the lower centers and in this way influence autonomic control.
-ANS operates by visceral reflexes. Subconscious sensory signals from a visceral organ can enter the autonomic ganglia, brain stem or hypothalamus and then return subconscious reflex responses directly back to the visceral organ to control its activities. 
)










•Differences between sympathetic and parasympathetic :
        - Origin :
	Sympathetic 
	parasympathetic

	• Thoracolumbar lateral horns of the
spinal segments T1-L2.
• Nerve fibers originate between T1 & L2
	•Craniosacral Cell bodies of the motor nuclei of the cranial nerves 3rd, 7th, 9th, 10th
in the brain stem.
 •Second, third and fourth [S2-S4] sacral segments of the spinal cord.
• Nerve fibers emerge from brain & sacrum.
• cranio-sacral outflow


 (
* 
Sympathetic fibers from cord segment T-1 generally pass up the sympathetic chain to terminate in th
e head;,
                                         
*T-2 to terminate in the neck
  
*
T-3, T-4, T-5, and T-6 into the thorax 
.                                  * 
T-7, T-8, T-9, T-10, and T-11 into the abdomen
  .            *
T-12, L-1, and L-2 into the legs.
)- Termination :
 : [image: 09_06]

-Differences in Length:
	
	postganglionic
	Preganglionic 
	Branching of axons


	Sympathetic
	Long 
	Short myelinated
	highly branched

	Parasympathetic
	Short
	Long myelinated 
	few branches
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 -Location of the Autonomic Ganglia : 
 *Parasympathetic Ganglia:
            Terminal ganglia in the wall of Organ .
          *Sympathetic Ganglia:

	Paravertebral Ganglia
	Prevertebral Ganglia


	• Consist of the right and left
sympathetic chains or trunks.(Ganglia in each row are interconnected  which forms sympathetic chains
or trunks.)

	• Unpaired, not segmentally arranged


	• Located on both sides of the vertebral column

	• Located in abdomen and pelvis, anterior to the vertebral column


	• There is approximately one ganglion associated with each spinal cord segment, except in the cervical and the sacral regions.
Linked by short nerves into sympathetic trunks.
•Joined to ventral rami by white and gray rami communicantes .

	• Main ganglia
§ Celiac
§ Superior mesenteric
§ Inferior mesenteric
§ Aorticorenal


	• The chains end into a common ‘ganglion impar’ in front of Coccyx 
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-Function Of sympathetic and parasympathetic :

      * sympathetic : 
         FEAR, FLIGHT OR FIGHT
         - The sympathetic system enables the body to be prepared for fear, flight or fight.
         - Dominance by the sympathetic system is caused by physical or emotional stress “E situations”
Emergency, Embarrassment, Excitement, Exercise
Alarm reaction = flight or fight response
         - Responses include :
       

*Parasympathetic :
  REST AND DIGEST

  -The parasympathetic nervous system has "rest and digest" activity.
  -Concerned with conservation and restoration of energy.
-The chemical transmitter at both pre and postganglionic synapses in the parasympathetic system is  Acetylcholine (Ach). 
        -Normally dominate over sympathetic impulses 
          -Paradoxical fear when there is no escape route or no way to win causes massive activation of parasympathetic division  loss of control over urination and defecation .

              SLUDD type responses: salivation, lacrimation, urination, digestion & defecation


 

	
	Structure 

	Sympathetic Stimulation
	Parasympathetic Stimulation

	Salivary Glands

	Saliva production reduced

	Saliva production increased


	Iris 

	Pupil dilation 

	Pupil constriction

	Mucosa


	Mucus production reduced

	Mucus production increased


	Heart

	Heart rate and force increased

	Heart rate and force decreased


	Lung
	Bronchial muscle relaxed

	Bronchial  muscle contracted

	Stomach 
	Peristalisis reduced
	Peristalsis increased Gastric juice secreted; motility increased


	Small Intes

	Motility reduced 
	Digestion increased

	Large Intes

	Motility reduced

	Secretions and motility
increased

	Liver

	Increased conversion of
glycogen to glucose
	

	Bladder

	Wall relaxed Sphincter closed

	Wall contracted Sphincter relaxed

	Kidney 
	Decreased urine secretion
	Increased urine secretion

	Adrenal medulla

	Norepinephrine and epinephrine secreted
	



        

 

The nervous system


Central nervous system


Brain


Spinal cord


periphral nervous system


Autonomic
Involuntary


Hind brain: Pons, Medulla oblongata, Cerebellum


Mid brain


Fore brain: Cerebrum, Diencephalon (Thalamus, Metathalamus, Epithalamus, Hypothalamus and subthalamus


Somatic
Voluntary


Patasympathetic


Sensory neurons 
( afferent )


Motor neurons 
( efferent )


Somatic
Voluntary  


Autonomic     
( involutrary )


Sympathetic 


Parasympathetic


Sympathetic 

























































Diversion of blood flow from the skin and splanchnic vessels to those supplying skeletal muscle 


Increased BP and CArdiac Output


contraction of sphincters and metabolic changes such as the mobilisation of fat and glycogen.


Increased pupil size and relax the lens (allowing more light to enter the eye


bronchiolar dilation, which allows for greater alveolar oxygen exchange.    


increase in heart rate the contractility of cardiac cells         (myocytes), thereby providing a mechanism for the enhanced blood flow to skeletal muscles., 










reduction in heart rate and blood pressure


facilitates digestion and absorption of nutrients


consequently the excretion of waste products


decrease diameter of airways and diameter of pupil 
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