PHARMACOLOGY
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# Nervous system is divided into two types of systems

v’ Central nervous system which includes the brain and the spinal
cord

v’ Peripheral nervous system which divided into

V. Afferent neuron

v The neurons of which bring information from the periphery to the
CNS. (transport the sense impulses to the brain and spinal cord)

v’ Afferent neurons provide sensory input to modulate the function
of the efferent division through reflex arcs.

Y. Efferent neurons

Which divided into voluntary (somatic) and involuntary
(autonomic)




The autonomic nervous system is divided into three types :

v’ Enteric (plexus that is found in GIT, pancreas, and gallbladder)
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In Glands, Smooth Muscle & Cardiac Muscle (Involuntary control)

v’ The function of efferent neuron: carries nerve impulses from the
CNS to the effector organs by way of two types of efferent
neurons (the preganglionic neuron and the postganglionic
neuron).

v In pharmacology the drug is either agonist or antagonist so the
drug will act mostly on post synaptic cleft (which is between the
neuron and the receptor on the target organ) see the fig. below.
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Efferent neurons of the
autonomic nervous system.




+ Efferent neurons divisions

The body is controlled by brain this controlling as we said is divided
into two parts:

# Somatic nervous system (skeletal muscles) :

v’ Carries nerve impulse to skeletal muscle (voluntary control)

v" A single myelinated motor neuron (The somatic neuron is a
single long neuron with no ganglia and doesn’t need a gap
junction).

v’ Faster response

v’ Controlled by synaptic cleft that has acetylcholine. (

v’ So the substance which is responsible for impulse transmission
to the muscles is acetylcholine—> it causes contraction or
relaxation of our muscles (voluntary).

v Here we are talking about neuromuscular junction
acetylcholine not the acetylcholine which is found in
parasympathetic system.

v When we need to inhibit or encourage acetylcholine receptors?

v' When we inhibit this receptors =» this leads to relaxation=» so
that means we can use it for anesthesia which has ¢ rules :

Y. No pain

Y. Muscle relaxation

Y. No reflex

¢. Unconsciousness

v" When we increase acetylcholine & we increase contraction >
so that means we can use it in myasthenia gravis.




# Autonomic nervous system:

Divided into sympatahtic and parasympathatic

- In this system there is ganglia which has acetylcholin (note the fig.
below) and it will not be inhibitid by the acetylcholin in somatic
system becouse they have diffirent receptors (M),MY,MY)
receptors.

- The post gnglic in parasympathatic has acetylcholin but in
sympathatic it’s norepinephrine. What is the target?

- Every organ in our body has two innervation = one by
sympathatic and the other one by parasympathatic and we call

this Dual innervation
wSall 5 parasympathatic J) Jisu sympathatic J 2w 13 G
- Receptors for sympathatic system are alpha and beta.
- Receptors for parasympathatic are nicotinic muscarinic.
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_ SYMPATHETIC PARASYMPATHETIC

g Thorack and lumbar reglon of the Braln and sacral area of spinal cord
fesof orgin spinal cord (thoracolumbar) (cranlosacral)
Short preganglionk Long pregangllonic
Length of fibers Long postganglionk Short postganglionic
Locatlon of ganglia Close to spinal cord Within or near effector organs
Preganglionk fiber branching Extensive Minimal
Distribution Wide Limited
Typeof response Diffuse Discrete
* Sympatahatic :

- Its function: adjusting in response to stressful situations, such as

trauma, fear, hypoglycemia, cold, and exercise

- Itis a temporarry action happen to our body when we are under
stress or fight or something ubnormal.

- All glands are controlled by sympathatic nervous system.

). Effects of stimulation of the sympathetic division:
» Increase heart rate(arythmia) and blood pressure
» To mobilize energy stores of the body

» Increase blood flow to skeletal muscles and the heart while
diverting flow from the skin and internal organs.

» Dilation of the pupils(mydriasis) and the bronchioles
» Decrease Gl motility
» Increase blood flow to skeletal muscles.

» constipation




Y. Fight or flight response

» The changes experienced by the body during emergencies have
been referred to as the “fight or flight”

# Parasympathatic:

- is involved with maintaining homeostasis within the body.

- it maintains essential bodily functions, such as digestive processes
and elimination of wastes

- “rest and digest” situations.

- In this case pupil contract (meiosis).

- Causing diarrhea.

* Enteric NS :

- collection of nerve fibers that innervate the gastrointestinal (Gl)
tract, pancreas, and gallbladder,

- This system functions independently of the CNS and controls the
motility, exocrine and endocrine secretions, and microcirculation
of the Gl tract.

- Itis modulated by both the sympathetic and parasympathetic
nervous systems.
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EYE

Contraction of iris radial
muscle (pupil dilates

LACRIMAL GLANDS

Stimulates tears

SALIVARY GLANDS

Contraction of iris sphincter

muscle (pupil contracts)
Contraction of ciliary muscle

(lens accommodates for near vision)

TRACHEA AND BRONCHIOLES

Dilates

Constricts, increases secretions

ADRENAL MEDULLA

Epinephrine and norepinephrine secreted

KIDNEY

Secretion of renin (|}, increases;

. decreases

Thick, viscous secretion
Copious, watery secretion

HEART

Increased rate; increased contractility
Decreased rate; decreased contractility

GASTROINTESTINAL

Decrease in muscle motility and tone;
contraction of sphincters

Increased muscle motility and tone

URETERS AND BLADDER GENITALIA (female)
Relaxes detrusor: contraction !', Relaxation of uterus
of trigone and sphincter @) BLOOD VESSELS
Contraction of detrusor; g (skeletal muscle)
relaxation of trigone and sphincter @ Dilation
GENITALIA (male)
Stimulates ejaculation : BLOOD VESSELS
Stimulates erection (skin, mucous membranes, and
splanchnic area)
Constriction

Important notes about the fig. above:

- No innervation by sympathetic in lacrimal glands.

- In the kidney (sympathetic): when you have hypotension the

sympathetic system increase renin concentration = leading to

increase the pressure




In the heart (sympathetic) : increase the heart rate (chronotropic)
and increase the heart contractility (inotropic) leads to increase
the pressure. = in emergency cases such as a patient with a low
heart rate (less than ¢.-0+) you give him adrenalin which is a
sympathetic.

Blood vessels :

v’ There are two types of blood vessels... blood vessels going to :
Skeletal muscles: the sympathetic cause them to dilation = more
blood flow

Smooth muscles = constriction = increase the blood pressure.

v" Why we need to increase the blood pressure?

). To increase the heart rate

Y. To increase the heart contractility

Y. Increase secretion of renin, aldosterone and angiotensinY.
v AngiotensinY causes vasoconstriction so increase the blood

pressure.
v Aldosterone causes sodium and water retention (increase the

blood volume). > This increase cardiac output then increases
the blood pressure.

v’ Blood pressure= Y*heart rate *cardiac output.
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Lung (parasympathetic): causes bronchoconstriction .
So that asthmas drugs are two types :
). For lung (sympathetic agonist) such as salbutamol (beta Y
agonist)
Y. For lung (parasympathetic antagonist)




“"Fight or flight"
stimuli

Sympathetic output

neurons may innervate
more than one organ)

Reflax arcs :

n AFFERENT INFORMATION

@ Drop in blood pressure

@ Reduced stretch of baroreceptors
in aortic arch

@ Reduced frequency of afferent
impulses to medulla (brainstem)

(diffuse because postganglionic

i "Rest and digest"
| stimuli

Parasympathetic output
(discrete because postganglionic
neurons are not branched, but
are directed so a specific organ)

REFLEX RESPONSE

Efferent reflex impulses via the
autonomic nervous system cause:

Inhibition of parasympathetic and
activation of sympathetic divisions

Increased peripheral resistance
and cardiac output

Increased blood pressure

Reflax arcs are found in some organs like the heart

- When the blood pressure is decreased there are a sensitive
receptors on the heart (paro receptor)=>» they are sensitive to
blood pressure = they send impulses to the brain = the brain

activate the sympathatic to secrete more adrinaline.
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CHEMICAL SIGNALING BETWEEN CELLS:

- Hormones : chemicals released by glands into the bloodstream =
physiological effects on tissues - specific hormone receptors.

- Local mediators : Most cells in the body secrete chemicals that act
locally, and they don’t enter blood. E.g, histamine and
prostaglandins .

It’s available any where for allargic reaction (inflammotary
reaction) and it’s transmitted from one cell to another such as
(prostaglandins , interleukins)

- Neurotransmitters: A specific chemical signals, released from the
nerve terminals only.(found in neurosynaptic cleft of nerve).

¢ Neurotransmitters

- Norepinephrine and epinephrine — ANS (sympathatic) on the post
synaptic cleft (on the organ) and they have alpha and beta
receptors.

- Norepinephrine (NE) and epinephrine (E) (adrenergic)
Transmission from the postganglionic nerves to the effector
organs in sympathetic system




Acetylcholine — ANS

mediates the transmission of nerve impulses across:

Y. Transmission of nerve impulses from the postganglionic
nerves to the effector organs in parasympathetic system

Parasympathatic acetylcholin (muscarinic receptor)

Y. Ganglia (autonomic ganglia in both sympathetic and
parasympathetic NS.)

Y. Neuromuscular junction

¢. at adrenal medulla

©. A few sympathetic fibers, such as those involved in sweating,
are cholinergic

They have the same substance but different receptors.

Dopamine — CNS(responsible for depression and parkinson
disease)

Serotonin - CNS (responsible for depression)

Histamine - CNS (H)\ receptors in the brain) = allergic
y-aminobutyric acid (GABA)- CNS

Co-transmitters, such as adenosine, often accompany
neurotransmitter on nerve stimulation and modulate the
transmission process.




Neurotransmission in cholinergic neurons involves six steps:
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® Choline is taken
up by the neuron.
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SYNTHESIS OF
ACETYLCHOLINE

inhibited by hemicholinium.

UPTAKEINTO
STORAGE VESICLES
Acetylcholine is protected

from degradation in the
vesicle.

Presynaptic

RELEASE OF
NEUROTRANSMITTER

® Releaseis blocked by
botulinum toxin.

® Spider venom causes
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of the neurotransmitter.

INTRACELLULAR RESPONSE

Acetylcholin is storeged normally , but when we need to secret it we
need calcium.
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Botulinum toxin =¥ it’s a bacteria and its toxin is used as a drug
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Now ... what is the fate of acetylcholin ? it associate with the
receptor( GPCR )and do the action = after the action ends it
inhibited and dissociated by enzyme located in the gab junction
called acetylcholinestrase enzyme =» this enzyme destroys it into
acetyl and cholin to reuse it later.
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Cholinergic receptors (CHOLINOCEPTORS):

A) Muscarinic receptors

G protein—coupled receptors.
Recognize muscarine, ACh, and weak affinity to nicotine NT.
five subclasses of muscarinic receptors:

M)\, MY, MY, M¢, and Mo,

Found on the effector organs of parasympathetic such as the

gastric (M), heart and smooth muscle (MY), bladder and

exocrine glands and smooth muscle (MY)

These receptors have three neurotransmitters that can associate

with it

Y. Mascarin

Y. Nicotin

Y. Acetylcholin (has a moderate affinity) and most of these
receptors depend on it.

When M receptor activated — G-protein — IPY and DAG -

intracelluar CaY+ - cause hyperpolarization, secretion, or

contraction




[ m Muscarinic receptors

Muscarine Acetylcholine Nicotine
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B) Nicotinic receptors

- ligand-gated ion channel

- Recognize nicotine, ACh, and weak affinity to muscarine NT.

- Two types : Nm(neuromuscular junction) and Nn(nicotinic)

- Located in the CNS, adrenal medulla, autonomic

- ganglia (called Nn), and the neuromuscular junction (NMJ) called
Nm

B Nicotinic receptors

Muscarine  Acetylcholine Nicotine

DONE...




