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1) Nama Penyelidik: __Aminah Che Romli

Nama Penyelidik-Penyelidik Lain:
(Jika berkaitan) '

\‘

2) Pusat Pengajian/Pusat/Unit: Jabatan Fisiologi PPSP

3) Tajuk Projek: Penyeliaan modul bantuan pembelajaran

secara komputer. (Computer Aided Fixed Learning

Modul - CAFLM)




(@)

Penemuan Projek/Abstrak

(Perlu djsediakan makluman diantara 100-200 perkataan di dalam Bahasa
Malaysia dan Bahasa Inggeris, ini kemudiannya akan dimuatkan ke dalam
Laporan Tahunan Bahagian Penyelidikan & Pembangunan sebagai satu
cara untuk menyampaikan dapatan projek tuan/puan kepada pihak
Universiti.)

FLM (Fixed Learning Modul) telah dijadikan

bahan untuk dimasukkan ke dalam program CAFLM

(Computer Aided Fixed Learning Module) di mana

isi kandungannya dipindahkan"' dari pbster ke

dalam komputer. Segala isi kandUngaﬁnya masih

lagi dikekalkan.

)

Modul-modul yang berkaitan dengan Fisiologi

telah dipilih dan dibahagikan mengikut tajuk

“h

tertentu sepertiSistem Saraf Pusat, Sistem -

Pencernaan dan Sistem Endokrin. Proses menyiap-

kan CAFLM dilakukan dengan menaip semula teks,

melukis serta mengedit gambar yang terkandung

dalam poster FLM.

(Rujuk carta aliran proses CAFLM)

el " —
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(b)  Separaikan Kata Kunci yang digunakan di datam abstrak:

Bahasa Malaysia Bahasa Inggeris

QOutput Dan Faedah Projek
(a)  Penerbitan (termasuk laporan/kertas seminar)

(Sila nyatakan jenis, tajuk, pengarang, tahun terbitan dan di mana telah
ditegbitlan/dibentangkan)

Hasil projek

Berikut ialah tajuk-tajuk FLM yang telah di-

masukkan ke dalam komputer:

1. Sistem saraf pusat

2. Sistem: pencernaan

3. Sistem endokrin




(b) Faedah-Faedah Lain Seperti Perkembangan Produk, Prospek
Komersialisasi Dan Pendaftaran Paten
(Jika ada dan jika perlu, sila gunakan kertas berasingan)

(¢) Latihan Gunatenaga Manusia

i) W Pelajar Siswazah:

ii) Pelajar Prasiswazah:

iii)  Lain-lain: Xakitangan mendapat pendedahan dan
kemahiran dengan kerja-kerja yang berkaitan

dengan projek ini.
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PENGENALAN

CAFLM (Computer Aided Fixed Learning Module) merupakan satu kaedah pembelajaran
FLM secara komputer. Oleh kerana -terdapat beberapa kelemahan pada poster FLM yang lama
seperti masalah kekurangan poster FLM yang timbul akibat pertambahan pelajar yang berlaku pada
setiap tahun, maka pihak kami memikirkan satu pendekatan bagi menangani masalah tersebut.

Bagi projek ini segala isi kandungan FLM yang terdapat pada poster ma51h lagi dikekalkan
dan berdasarkan kepada poster FLM tersebut dilakukan beberapa penambahbaikan iaitu melukis
semula poster yang kabur atau rosak sebelum dimasukkan ke dalam komputer.

. Sebagaimana yang kita sedia maklum kebanyakkan pelajar sekarang lebih suka
menggunakan internet untuk mendapatkan maklumat tertentu. Oleh itu pendekatan pengajaran dan
pembelajaran secara ini dapat membantu pelajar membuat rujukan serta ulangkaji tanpa mengira
waktu dan tempat, jika dibandingkan dengan penggunaan poster FLM yang dihadkan masa
kegunaannya iaitu hanya pada waktu pejabat sahaja. Pelajar juga boleh mencetak nota yang
dikehendaki melalui CAFLM ini.

Di samping itu, CAFLM dapat memudahkan kakitangan akedemik membuat

pengubahsuaian dari masa ke semasa.



OBJEKTIF

1. Mewujudkan satu sistem FLM yang lebih teratur.
2. Membantu menambahbaikan sistem pembelajaran FLM secara komputer.

3. Mengurangkan kos perbelanjaan bagi penyediaan FLM.

KAEDAH

1. Poster FLM yang ingin dimasukkan ke dalam komputer dikumpulkan.

2. Proses semakan dilakukan dengan menyenaraikan semula tajuk-fajuk dan pemberian kod
dilakukan bagi setiap tajuk berkenaan contohnya CNS 01 bagi tajuk pertama dalam sistem
CNS, dan Eye 01 bagi tajuk pertama dalam sistem penglihatan.

3. Seterusnya semakkan dilakukan ke atas isi FLM oleh pensyarah yang terlibat.

4. FLM dibahagikan kepada dua iaitu poster yang bergambar atau berajah dan poster FLM
yang mengandungi teks sahaja. -

5. Kesemua teks ditaip semula atau discan dan dimasukkan kedalam folder yang dilabel
sebagai “TEKS”. '

6. Gambar serta rajah dimasukkan ke dalam satu folder yang dilabelkan sebagai “GAMBAR”.

7. Selepas proses semakkan serta pembetulan kedua-dua teks dan gambarajah digabungkan dan
dimasukkan kedalam folder yang berasingan mengikut tajuk masing-masing.

8. Seterusnya folder tersebut dihubungkan antara satu sama lain dengan menggunakan perisian

‘Netscape Composer’ .



HASIL

Berikut merupakan hasil bagi projek CAFLM dan senarai tajuk FLM yang telah dimasukkan ke
dalam komputer.

CAFLM
(COMPUTER AIDED FIXED LEARNING
MODULE)

PENGENALAN

Sistem CAFLM ini adalah salah satu usaha dari Jabatan Fisiologi
untuk meningkatkan sistem pengajaran ke arah penggunaan IT.
Sistem ini menggantikan sistem FIX LEARNING MODULE (FLM)
lama yang menggunakan kaedah pembentangan poster-poster.

Matlamat sistem CAFLM ini diujudkan antaranya adalah untuk :

e Memudahkan pelajar medapatkan maklumat FLM melalui kaedah
komputer.

« Pelajar boleh menggunakan sistem ini samada semasa
pembelajaran atau di luar masa pembelajaran.

e Pelajar boleh mengatur masa belajar sendiri khususnya untuk
FLM.

SISTEM

SISTEM

SISTEM
SARAFE PUSATIPENGLIHATANIPENCERNAANIPERNAFASANIPERKUMUHA

SISTEM SISTEM




SISTEM SARAF PUSAT
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Factors regulating cerebral circulation.

Diagram of vasomotor reflexes.

Theory of pain.

Endogenous pain control mechanisms.

Basal ganglia.

The role of basal ganglia in posture and voluntary movements.
Extrapramidal system.

The sequences of singnaling changes that produces the reflex action. -

Diagram of nerve.

Nervous control of micturition.
Physiology of micturition instructions.
Propagation of nerve impulse.

The strength-duration curve.
Axoplasmic transport.

Pathway for pain and temperature.
Qualities with pain and pain pathway.
The spinothalamic pathways.
Spinocerebellar pathways.

Somatic sensation- an overall view.
Principle of convergence.

Pathway for conscious proprioception.
Integumentary sensorria.

Gamina reflex loop.

Pathways for nonconscious proprioception.
Cerebral circulation

Diagram of the parasymphathetic (craniosacral) division of the autonomic nervous

system.
Classification of nerve fibers.
Mylination of axons.

Cross section of a peripheral nerve showing myelinated and unmyelinated (arrow)

fiber.

Cellular organization of peripheral nerves.

Nerve injuries causing bladder dysfunction.

Segmental demyelination.

Degeneration and regeneration in a mylenated nerve fiber.
Primary myelinopathy.

Segmental demyelination.

General pathology of peripheral nerves.

Toxic sensory neuronopathy.

Toxic distal axonopathy.

Class 1 acute nerve injury (eg. compression).

Class 2 nerve injury.

Degenaration and abberant regeneration in (class 3) nerve injury.
Muscle spindle.

Cerebral cortex.

Cutaneous distribution of major peripheral nerves.
Spinothalamic tracts.



SISTEM PENCERNAAN

Modul 1 Gastrointestinal tract

Modul 2 Secretion and digesion

Modul 3 Absorption

Modul 4 Motility

Modul 5 Control of small intestine

SISTEM ENDOKRIN

Modul 1 Hypothalamic hormones and factors regulating adenohypophysial
Function

Modul 2 Caracteristics of hypothalamic releasing hormones

Modul 3 Anterior pituitary

Modul 4 Hypothalamic and pituitary hormones

Modul 5 The typical arrangment of negative feedback in the regulation of
a Hypothalamus- Pituitary- target gland axis

Modul 6 Neural and endocrine interrelation

Modul 7 Regulation of growth hormone secretion

Modul 8 Patterns of growth hormone secretion

Modul 9 Mechanism of growth hormone action

Modul 10 Regulation of Antidiuretic hormone secretion and thirst

AN



PERBINCANGAN

Isi kandungan FLM yang telah di masukkan ke dalam komputer ini perlu disemak semula
untuk memantapkan lagi qualitinya serta mutu persembahan bagi CAFLM. Proses menyiapkan
CAFLM mengambil masa yang agak lama kerana berlaku beberapa masalah seperti kehilangan
poster FLM yang asal, kerosakkan pada alat scanner dan beberapa masalah yang berlaku selepas

proses menyusun serta mengedit semula fail yang telah di masukkan ke dalam komputer.
KESIMPULAN

Kesemua tajuk FLM yang dipilih telah dimasukkan kedalam komputer. Selain daripada
tajuk pilihan tersebut terdapat beberapa tajuk lain yang perlu di masukkan ke dalam CAFLM bagi
melengkapkanya. Antaranya ialah sistem kardiovaskular sistem pembiakkan dan sistem otot
rangka. Untuk kegunaan pelajar kesemua tajuk yang telah dimasukkan ke dalam komputer ini perlu

disambungkan melalui internet.



Carta aliran proses CAFLM

Pengumpulan semula FLM
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Semakkan oleh pensyarah yang terlibat
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SISTEM SARAF PUSAT
Modul 1 Factors regulating cerebral circulation
LEXTRINSIC FACTORS

(a) Systemic blood pressure . Fluctuation in systemic arterial blood pressure in the healthy
young mdlwdt}al have very little if any effect on cerebral blood flow. Cerebral blood flow
will be maintained with fluctuations in systolic blood pressure between 200 and 50 mmHg
A fall in systolic blood pressure below 50 mmHg, may be accompaied by a reduction in '
cerebral flow. However, because more 02 is extracted, consciousness is usually not
impaired. Cerebral blood flow may also decrease if systolic blood piessure rise above 200
mmHg or distolic blood pressure rise above 110 to 120 mmHg .The range of blood pressure
fluctuations beyonds which cerebral blood flow is affected is narrower in individuals with
arteriosclerosis of cerebral vessels. ' ‘

b) Blood viscosity , cerebral blood flow is inversely propotional to blood viscosity in man. A
reduction in blood viscosity , as occurs in anemia, will increase cerebral blood flow on the
other hand , an increase in viscosity , as occurs in polycythemia will decrease cerebral

blood flow.

c) Vessel lumen minor reduction in the lumen of carotid and vetrebral arteries are without effect
on cerebral circulation. The vessel lumen must be reduced by 70 % to 90 % before a
reduction in cerebral circulation occurs. :

II . INTRINSIC FACTORS
[2) Autoregulation the single most important factor controlling cerebral circulation is a

phenommenon of autoregulation by which cerebral vessel adjust their diameters to maintain
a constant flow despite alteyation in perfusion pressure. Thus, cerebral blood vessels
constrict in response to an increase in intraluminal pressure and dilate pressure and dilate in
response to a reduction in intraluminal pressure this phenomenon is particularly useful in
shunting blood from healthy regions where intralumial pressure is higher to ischemic regions
where a reduction in blood flow has occured, resulting in a reduction in intraluminal

ure. Autoregulation operates independently of, but synergistically with other intrinsic

press ‘ _
s such as biochemical changes. The mechanism of autoregulation is poorly under

factor
stood.

(b) Biochemical factors several biochemical factors regulate cerebral circulation. Carbon
dioxide arterial pco2 is a major factor in the regulation of cerebral blood flow. Hypercapnia
(high pco2) prqduces markgd vasodilation and an increase in cerebral blood flow. The
reverse occurs in hypocapnia (low pco2). Thus, inhalation of C02 increases cerebral blood
flow, whereas hyperventilation decreases cerebral blood flow. Under normal conditions, it

is estimated that a change of 1 mmHg in pco2 will induce a 5% change in cerebral blood

flow.

The control of cerebral blood flow by 02 is mediated via the cerebrospinal fluid bathing cerebral arteriol
The pH of the cerebrospinal fluid (CSF) reflects the arterial pco2 and is also influenced by the level of o

bicarbonate in the CSF.

sfect of co2 on cerebral blood flow is important in dampening the effects of tissue pco2 in areas of brain

The € ; . ;
The increase in cerebral blood flow in such areas helps to wash out metabolically produced ¢02 and

jschemia.



thus re-estabishes homeostasis of brain pH. oxy; ] i

. OXygen moderate changes in arterial p02 do not alt
blood ﬂo;vt.hHoweve.r, more marked changes in arterial p02 alter cerebral blood flow in a mann:l; c\:ﬁﬁs the
re:ve]r:)sz1 obl agc gescnbed for pco2. Thus, low p0_2 will increase cerebral blood flow and high p02 will decrease
cerebral blood flow. Although the exact mechanism of this effect is not known, it is believed to be independent

of changes in pco2 .

NEURAL FACTORS

Sympathetic supply sympathetic innervation of conductin i

: ) Y ] _ g vessels is amply documented from the cervical
sympathetic chain. Stnpulahon of the sympathetic system produces vasocontriction and a decrease in ce(;'ebral
blood ﬂow. The effect is greater in the internal carotid artery system than in the vertebral basilar system

(b) Parasympathetic supply parasympathetic nerve fibers in the regulation of cerebral

ciruclatign is 'yct to be found. Thus, neural factors in the regulation of cerebral blood flow
are of minor importance when compared with the biochemical factors. :

Cerebral blood flow in coma

The cerebral blood flow is severely reduced in states of unconsciousness.



SISTEM SARAF PUSAT
Modul 2 Diagram of vasomotor reflexes

MUSCLE. 600D - yrsels
o vESsEL VISOES:

 Muscle ﬂﬂldlﬁi and vasomctor refloxes in
' fwsceral disedsc are cansed: by the excitement
ct polysvnaptlc reﬂcx arcs at the spmal cord lcvel



- vIscus.

: Cutaneous hyperasthesna in vxscerai drsease 1
occurs because activity in afferent pathways
from the d1seased viscus lowers the threshold

for cutaneous §ensary unpulsc ata common

| _ pool of neurons in the CNS.

Afferent pathways from skin and -
_‘viscera converge on common
~neurones'in spmal cmd and
~thalamus, b



SISTEM SARAF PUSAT

Modul 3 Theory of pain.
Prior to the “gate control theory of pain” proposed by Meizack and Wall in 1965, there were two

main theories to explain pain mechanisms.

Specificity theory.

According to this theory, pain is a specific modality with its own speci .
Asuing - pecific receptors, pe
and central pathways. Since its introduction, there has been mounting eviderp:ce alggi;;lgl:ﬁ: L:ggzl

Pattern theory.

The pattern theory proposed that receptors stimulation elicits a certain pattern of responses which
reflects the quality , intensity ar}d duration of the stimulus. These complicated pattern are fed into
the central nervous system, which deciphers them and initiates the appropriate response.

Gate control theory.

According to this theory, there is a gating mechanism in the i i

rding g . _ posterior horn of the spinal cord
(famina iii of rexed). This gating mechanism modules activity in spinal cord neuronspthat give rise to
the.centra.l tracts for pain (t-cells) and thus increases or decreases the flow of impulses from the
periphery into the central nervous system. The gating mechanism in the posterior horn is influenced

by two types of inputs from the periphery.

One input is via a small (a - delta or c ) fiber system which is continuously activ i
gate open. This system has a facilitatory role in pain mechanisms and ac{s to e?\é::gz ::(r?: gpfgéhsf
incoming impulses. The :‘fecond input is via a large ( a beta ), thickly myelinated fiber system which
fibers in response to a stimulus both system project upon neurons in lamina iii of rexed, which is
considereﬁ to be the quula_r center for pain in the spinal cord. The thin fibers inhibit anél the thick
fibers facilitate neurons in this lamina. Both fiber system also project upon neurons in this lamina
Both ﬁber' §ys§em also project upon neurons in rexed laminae v to viii (t-cells). Their action here i-s
urely facilitatiory. Futhermore, neurons in lamina iii of rexed have a presynaptic inhibitory effect
on both the small and large fibers systems projecting upon laminae v to vii.

The gate control theory may be summarized as follows:

The ongoing activity which precedes a stimulus is carried solely by the small fiber s
to keep the gate open and ready to receive new impulses. ystem and tends

A superimposed peripheral stimulus will activate both the small and large fiber system. The
discharge from the latter |n|tially_ﬂbers the tract neurons (t-cell) in laminae vtosziii through the
direct facilatory route. Then partially closes the gate through its action on lamina iii neuron

(facilitation of pressynaptic inhibition).

us is prolonged , the large fiber system adapts, resulting i ive i i
1, th e fit g in a relative increse in small
dapts, resulting in relative increase in small ﬁlber syst ivi
- . . em
g activity in laminae v to viii. Y AcEvIt, the gate opens,

1f the stimul
fiber system ac
further increasin

mechanism in the spinal cord is under the control of the brain. In this way , brain
1

The gating s . :
ncerned with attention , emotion and memory can influnce pain impulses in the spinal

mecha nism CO



cord.

Present concegts'
The present status of our understanding of pain mechanism can be summarized by the following

observations.

The pain receptor status is not specific for pain stimuli but is specialled. Below .
- : ; A . acerta
anoxious (painful) stimulus will elicit responses from all types of receptors. in threshold,

Pain impulses are conducted via the small a- delta fibers and c- fibers (peripheral
a- beta also play a role in pain mechanism. (peripheral nerve) the larger

The spinal cord posterior horn is a center for integration of pain mechanisms. It int ivi
- . . . . egrates acti
arriving from the periphery with that arriving from cortical and subcortical regions. ’ vy

Pain impglses are cpnductec] in the neuraxis via two major pathways. These are a direct
(neurospinothalamic and trigeminothalamic) pathway and a multisunaptic (spinoreticulothalamic)

pathway.

The direct ascending pathway project upon posterior nuclei of the thalamus (vpl and vpm)
whereas the multisynaptic pathways project upon the intralaminar nuclei of the thalamus. '

The cortical projection areas include the primary somasthetic cortex of
The parietal lobe, the frontal cortex, and the limbic lobe. The parietal cortex is co '
appreciation of the sharﬁ,well-localized type of pain, ncerned with the
The frontal cortex is concerned with intellectual

Apprepiation and aﬁealvg reaction,'and the limbic lobe is concerned with the memory of painful
experience and the emotional reaction to pain. Pain can be appreaciated at subcortical levals,

primarily in the thalamus.



Spinothalamic tract
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SISTEM SARAF PUSAT

Modul 4 Endogenous pain control mechanisms.
SPIN%THALAMIC
o

Electrical stimulation in the periaqueductal grey matter produces
longtasting analgesia in man and experimental animals. The
periaqueductal grey matter is moderately rich in opiate receptors / ’
and enkephalin while naloxone, a morphine anfagonist, blocks MIDBRAIN
the electrically produced analzesm. 1t therefore seems probable ‘
that opiates activate an efferent brainstem system that suppresses -
pain at a segmental level. The descending pathway seems to be
mainly in thc dorsol-\tcl al fascicuilus of the spinal cord (Figure) ‘A
since lesions in this region reduce ot abolish analgesia produced
by opiates or electrical s’umulatum of the pctlaqueductal grey
‘matter. The serotonin-rich mldlmc raphe nucléi of the medutla
also appem' 10 be involved in the descending pathway althongh
serotoninergic descending pathways through the dnrsuiateral

_ fasciculus alsp exist. Thcrc is dnatomical and pbvsmloaneal
evidence 1o suggest that, i in addltmn to receiving inputs from
the opmic-sensmve bramstcm structure:, the mxdlmc raphe
nucleus of the medulla also recewcs major ﬂrouah mdlrect
somatosensory mpuls from pam pathways possxbly by way ' :

" of the reticular formationl, Y = -_A“‘D'-F' ‘”SPwé\L .CQRD. '




ISTEM SARAF PUSAT
Modul 5 Basal ganglia.
‘Canidate fucletls €——y

Lenticular
Nucleus |- .
> pallidum

-Subs. Nigra

‘Subthalamic nuicleus
‘Red nucleus

| Gerebrat-sortex

| = Reciprocal comections

Other subcortical
-puclel

] Cerebetim

| (Buingtem) |

| l ‘Rubrospinal tract

 Reticiilospinal tract
Vestibulospinal tract

Diagram showing tieural connections of Basal Ganglia with other structures of the brain.



SISTEM SARAF PUSAT
Modul 6 The role of basal ganglia in posture and noluntary movements.
1. Cortico-striato-pallido-thalamo-cortical:

I Cerebral cortex Function: |
: ’ - v-posmml adjustmcn!s

"/ | \\ “for volintary -
‘ N . movenents
R R -pmgwmmngof

- Thalamus 1 " fupvolunizsy
i) =] 2o

2. Stnato-mgro-stnatal ) |

Doparoinergic Ni ostnalat'
fibérs N

chcncmuon ofN:gmmataJ :
fibers

Pmkmson sstr.asc

- ngdiy

= bradykinesia

: \sm - fosting tremor
ristonigral fibéts hypokinetic

3. Pallido-thalamo-striatal, pallido-tegmental.

Brain stem F—————2-_Tegemenium —ventral aspect of mid-brain.
Reticular
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Modul 7 Extrapramidal system.
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Modul 8 The sequences of singnaling changes that produces the reflex action.

Grade stretch of muscle produces a graded receptor potential that propagates passively to the trigger
zone at the first node of ranvier. If the potential is sufficiently large, it will trigger an action potential
that will propagate actively and without fail along the axon, the conductile component of the neuron, to
the terminal region. At the terminal the depolarization produce by the action potential gives rise to a’
secretory potential that leads to release of transmitter substances. The transmitter diffuse across the
synaptic cleft and interact with receptor molecules on the external membrane of the post synaptic cell
to initiate a synaptic potential. The synaptic potential that propagates to the terminal of the motor
neuron and leads ultimately to a synaptic potential in the muscle that initiates an action potential

producing a contraction.
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Modul 10 Nervous control of micturition.
Urine is formed continuously in the kidneys. It collects in the urinry bladder which expands
till about 300cc. When full, the desire to micturate is experienced.
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Micturition is essentially a reflex with centres in the spinal cord. This reflex can be controlled by
higher centres.
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When bladder is empty and begioniog to fill,
Activation of — 7} relaxation of —
Inbibition of contraction of -
When bladder is full and voiding is to oceur,
Activation ————— }relaxahon of

Inhibition - contraction of

Urination can occur solely by reflex action not involving lngher centers.

Fxllmg ———»reflex contraction of bladder wall and relaxation of sphmciers. -

Seen in infant with no voluntary canirol over the sphincters.
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Modul 11 Physiology of micturition instructions.

1. Read the objective listen below.

2. This FLM will help you RECALL the PHYSOLOGICAL of MICTURATION.

3. Each section of this module represents one important aspect on the physiological of
urine formation.

4. Try to answer all question BEFORE looking at the answers.

5. Go through the objectives again and check if you have achieved them.

Understanding the process of micturition will help you understand the pathophysuology of
bladder dysfunction. If you are in doubt, DON'T FORGET TO ASK.

Objectives:
1.Describe the nerve supply of the bladder and their relationship to micturition

2. Describe the nervous control of micturition.
3. Qutline the types of nerve of injuries that can cause bladder dysfunction.
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Modul 12 Propagation of nerve impulse.

2 uo
E,;: *201 ACTION POTENTAL ——
=] 0
mZ :
22 o A | nesting poteNTiAL
ZE » e
E = B0 k7
£ g ’
7 2MILLUSECONDS )

P Y IR

P N LWL

E T

-

-
e .
L.
. -4
-l
-

A
...... ke foa
RN R CII RS

R ¢++-f"t't'++++i- l»+~!--§+++§-4§—+++-l~++++-t+++:}-&++++«H--r‘
: -

MENBRANE POTENTIAL
AULLIVOLTS)

N

W e e A W wim W e

Iﬁiﬁﬁﬁﬂﬂﬁﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬁut T8 R ST S S ARG e
TR TR I LIRS Alld P e R R S e A a e =T

THEEA

MEMBRANE POTENTIAL
(MHLLAVOLTS)

10 MILLISECONDS

\ NIRIMUN REFRACT IIRY PU \
- . + .

LR R R

--------- '4.4.. . = e
B ; U'Wm’#&:.vmw:! LI N L e e i)
+4+++++»§+4 frw = oy PRFFEFESF R FEERrr bbb v---'-' FAFPEEFHE

CENTIMETERS O 5 10 15 P "5 )

Propagation of nerve impulse along the axon coincides with a localized inflow of sodium ions
(Na+) followed by an outflow of potassium ions (K+) through channels that are "gated" or
controlled, by voltage changes across the axon membrane. The electrical event that sends a
nerve impulse travelling down the axon normally orginates in the cell body. The impulse
begins with a slight depolarization or reduction in the negative potential across the
membrane of the axon where it leaves the cell body. The slight voltage drifts open some of



the sodium channels, shifting the voltage still further. The in-flow of sodium ions accelerates
until the inner surface of the membrane is locally positive. The voltage reversal closes the
sodium channel and opens the potassium channel. The outflow of potassium ions quickly
restores the negative potential. The voltage reversal known as the action potential,

propagates itself down the axon (1,2). After a brief refractory period, a second impulse can
follow (3).
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Modul 13 The strength-duration curve.

The relationship between the strength of the stimulus and its duration is an important one,
which is shown in the strength-duration curve. It can be seen that a certain minimum
duration, the utilization time, is needed for even the strongest stimulus to voke a response.
The weakest stimulus that will excite the tissue, provided it is applied for a long enough time,
is called the rheobase. In order to compare excitability of different fibers, a stimulus of twice
the strength of rheobase is used to test the length of time needed to excite a response. This
time is know as chronaxie. Time chronaxie of nerve fibers varies according to tee size and
type of the fiber (as well as with its ability to accomodate), but it serves as a rough indicator
of excitation time. It is used a clinical device to determine whether the innervation of a
muscle is intact. If it is intact, the chronaxie will be compound because of the difference in
excitability between the nerve and muscle fibers, if the nerves.rave been destroyed, a simple
chronaxie will be obtained, corresponding only to the muscle fibers .The strength-duration
relationship applies only to currents that rise to peak intensity rapidly. Slowly rising currents
sometimes fail to fire the nerve because the nerve in some way adapts to the applied
stimulus, a process called accommodation.
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The strength-duration curve shows that a minimum duration (the utilization time) is essential for even
the strongest stimulus to evoke a response the chronaxie of a large motor nerve is considerably less
than that of skeletal muscle, demonstrating the greater excitability of the nerve.
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2. Translocation |

3. Maturation and rélease

The life history of synaptic vesicles and other membranous organelles involved in synaptic
transmission. Proteins and lipids are synthesized and incorporated into membranes within the
endoplasmic reticulum and golgi apparatus of the neuron’s cell body. Organelles are then assembled
from these components and exported from the cell body into the axon where they are rapidly moved
towards terminals by fast axonal transport. Some of the material is deposited along the axon to
maintain the axolemma. Synaptic visicles and their precursors reach the neuron’s terminals to
participate in the exocytotic release of transmitter substances. The membranes of synaptic vesicles are
used many times over in the release process. At random, a small amount of the membrane becomes
degraded by lysosomes and this material is returned to the cell body by fast retrograde axonal
transport. The degraded membrane is partly recycled, its residue is progressively accumulated in large
end-stage lysosomes that are characteristic of neuronal cell bodies. ’
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Modul 14 Axoplasmic transport.

Axoplasmic transport
Axoplasmic transport is the movement of perikargally (cell body) material into axons and dendrites.

This mechgm’sm §upplies the d;ndrites with protein and other constituents necessary for structure and
fqnctlonal mtergnty.lt also carries neurotransmitters and the enzymes needed for their metabolism.
Since axoplasmic transport supports such functions, its b reakdown can lead to pathology.

In mammalian nerve fibers, isotope labelled studies show the Iiresence two types of transport:
(i) A slow axoplasmic transport at 0.5 - 3 mm/day know as axoplasmic flow and
(ii) A fast axoplasmic transport at about 400 mm/ day which is known as axonal transport.

Anterograde (or orthograde) axonal transport is the transport of materials aWay from the cell body.

Retrograde axonal transport is the transport or returning worn out materials from terminals to the cell
body, either for degradation or for restoration. The rate is about one half to two thirds that of

orthograde transport.

.

Fast transport

Using ligation or crush techniques, studies have shown acetlycholinesterase, norephinephrine,
including a wide variety of polypeptides, proteins, enzymes are all transported by fast axonal transport.

It is dependent an oxidative phosphorylation and a local supply of ATP is needed along entire length of
the fiber for energyx

Slow transport

Phospholipids and phosphoproteins are transported by slow axonal transport. Amino acids too are
transported by this mechanism.

Some neurotropiq viruses, tetanus toxin and certain viruses (rabies/polio) reach the central nervous
system by ascending from peripheral nerve terminals to cell body by grade transport.
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Modul 15 Pathway for pain and temperature.
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Modul 16 Qualities with pain and pain pathway.

Qualities of 'gain.

Pain can be categorized in terms of a number of qualities, defined eithe

of the pain or by its nature. a d r by the site of origin
The major subdivision of the modality pain is that into the qualities somatic pain and viceral

pain.

Somatic pain.

If SOTatiCb pain pain ;)riginates in the skin it is called superficial pain if it cames from the
muscles, bones, joint or connective tissue it is called deep pain. Superficial
thus (sub) qualitites of somatic pain. PP P and deep pain are
If superficial pain is produced by piercing the skin with a needle, the sub
. p ject feels a shar

flash” of pain, a readily localizable sensation that fades a way :*apldly when the st|mu|usp
stops. This initial pain is often followed, particularly at high stimulus intensities, by a delayed
pain with a latency of 0.5- 1.0 sec. The delayed pain has a dull (burning) character, is more
uum.,uu. W lulalice Gliu Uies Ul i10i € SIuwl ’ Cadillpic i i
squeezmg of on lnterdlgltal fold. ¥ d yuuu cii npa s Uie pdii eI il 1EDPUIIBE W
The most familiar example of deep pain is headache probabl

y the commonese form

expertenced by humans. Deep pain is dull In nature, is poorly localizable as a rule andci):’;r‘:glsn

to radiate into the surroundings.



Visceral pain.
This pain, too, tends to be dull or diffuse in character and it resembles deep pain in that

similar autonomic responses accompany it. It is remarkable that when the viscera are
exposed under local anesthesia they can be squeezed or cut without pain as long as the
parietal peritoneum and the mesenteric roots are not stimulated, but rapid or extensive
stretching of the hollow organs dicits severe pain. Spasmo or strong contractions of smooth
muscle are painful, especially when they are associated with inadequate circulation eon
(ischemia).

Sensation in area of
assaciated nociceptors

Harmful
stimulus
J 1 Latera
; i A spino-
B 7 ' : thalamic

tract

Organ with
nociceptors

Pain pathways: fast and slow fibers.

There is a fast pathway for pain along small a fibers conducting from 3 to 20 m /sec. These
reach the somatosensory cortex to give rise to a pricking pain.

Slow impulses travelling along the thinner c fibbers at 0.5 to 2m/sec end in the reticular
activating system and the thalamus, resulting in generalized slow, burning pain. These pain
signals are poorly localized and additive, so that they become increasingly disturbing if
ignored. This mechanism ensures the activation of the reticular activating system itself, which
regulates the arousal and protective responses of the organism.

Response to pain. .

The individual response to pain varies widely, and the differences are more likely central,
rather than being differences in receptor threshold.

Reffered pain.
Reffered pain is pain initiated in one of the visceral organs and felt else where in the body,

commonly in the skin.it is believed that the referral of pain occurs when visceral pain fibers
are so severely stimulated that they activate synapses in the spinal cord and thalamus that
normaily only receive impulses from skin. 1his is interpreted by the somatosensory cortex as
pain coming from the skin.

A well known example is that of pain originating at the heart but appearing to come from the
chest and a narrow strip along the medial aspect of the left arm, because the relationship
between dermatomes and internal organs (innervation from the same spinal segment) is
known, such referred pain is an important aid to diagnosis




The production of referred pain probably occurs as shown in figures. Some of the pain
afferents from the skin and the internal organs that enter a given spinal segment are
connected with the same neurons of origin of the spinothalamic tract. Excitation of such cells
is interpreted as pain at the periphery because this interpretation is usually appropriate in the
body’s experience. When an internal organ is diseased, there is often a further consequence
of the convergence of noczceptive afferents from the organ and the associated dermatome
upon neurons in the pain pathway —hyperesthesia (over sensitivity) of the skin in the
dermatome. The reason is that the excitability of the spinal interneurons is increased by the

visceral impulses so that a stimulus to the skin causes greater than normal central activity
(facilitation)
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rom viscer i e o
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Fi’ The reflex p:lthv. ay underlying referred pain. Some of the pain afferents from the
2 Y yiseern synapse in the spinal cord with the same neurons of the lateral
Vl scera Sp:nu_t}ml_mmc tract on which cutancous pain afferents terminate,

One explanation of referred pain is on the basis of spread of excitation from neurons from
the viscera to neurons that receive pain impulses from the skin. Consequently, both visceral
and skin sensations travel along spinothalamic pathways for skin. Subsequently interpretation
by the cortex that the pain originated from the skin.
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The usceading, tracts of the spinathalamic system consist of

{1) The taterul spinothalamic tract (nenspinothalamie tract. NSTT),

{2)The spinarcticaluthalamic pathiray {palevspinothalamic tract, BSTT), und
{3) The amterinr spinathafamic tract.

Intcrncurns (1) Stand betwesn centrnd terminativas of the pesipberal nerves’
(PN) and the axeendiog tructs. including the, spinoreticular tratt (SRT)
1nd Interal spiuothalamic tmee. C ’

{The paleasjiinathalaoie eract indludes futerncurons locased i the
brainstem reticolar favmation {RF). The thalumic aucled inteprated

within the spincthalapiic pathyways, inciode the intealaminar noclet (JL3,
parafascicplar npclens (PFY posterior thalamic region (PTR) ned yeatrul
pasteripr Iitera nucleos (VPL), InBnencey from the thalatus are projecied
by thatamocartiend fibers (TCF), R

{Pigure 2) A



Figure 3: This slow pathway for pain, temperature, and Sibierior
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Receptors in the extremities and body wall, especially those in the muscles and tendons, are
continually monitoring the immediate status or muscle contraction and the momentary degree of
tension within the tendon. The resulting “unconscious” proprioceptive information from the muscles
tendons and joints is projected to the cerebellum via four pathways whose fibers terminate as mossy
fibers in the cerebre llar cortex.

Same input to the cerebellum comes from exteroceptive receptors in the skin. The posterior and
anterior spinocerebellar tract convey these influences from the lower extremities and the caudal half of
the body, while the cuneocerebellar tract and the rostral spinocerebellar tract convey influences from
the upper extremities and upper half of the body. '

The spinocerebellar tracts include (1) the uncrossed posterior spinocerebellar tract that passes through
the inferior cerebellar peduncle and terminates in the palecerebellum, and (2) the crossed anterior
spinocerebellar tract that passes through the superior cerebellar peduncle and terminates in the
paleocercbellum. The spinovestibular tract includes fibers that terminate in the vestibular nuclei. The
spinoreticular tract is composed of crossed and uncrossed fibers that terminate in some brainstem

reticular nuclei.

'Tl-laliamocqitical i i
fibers .
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thalamic
reticular nuclei

Superior cerebellar
peduncle

7 Inferior cerebellar peduncle
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Modul 19 Somatic sensation- an overall view.
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Afferent information from the body is relayed to the cerebral cortex by two major ascending system:
The dorsal column-medial lemniscal system and the anterolateral pathway ( see fig A,B). These
systems, which serve different functions, converge in the thalamus , (see table below). The ventral
posterior lateral nucleus and the posterior lateral nucleus and the posterior nuclear group mediate the
projection to the somatic sensory corties, which include S-I, S-II and the somatic sensory association
area. In the somatic sensory corties, afferent information further processed somatic perception.

TABLE ‘Major Ascending Somiatic Sensory Systems - . , ,

A . Ledadonin  Levelof Brain stemy Cerebral
system Sobmodalities  spinalcord  decussation . teaminations rminations
Deorsal column ~ Touch-pressure  Dorsal column Medulla Ventral posterior.  Primary and secondary

Medial Vibratlon : lateral nucleasand  somatlc sensory
{.emniscus Position sénye—~ : : : -Posterior nuclear “tofticesand -
. _‘kinesthesia group of thalamus - somatic sensory
e e o " . ! . _ﬁlf‘ . : L )
Anterolateral  Paln Anterolateral  Spinal cord  Brain stem reticular  Primary and secondary
Therms] -column R formation _ somatic sensory
Crude touch ‘Ventral posterior cortices and
’ " lateral nucleus and  somatic sensory
posterior puclear association area

group of thalamuy
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Principle of convergence.

Each neuron of the central nervous system is excited and inhibited by the synaptic activity
of many other neurons, on its dendrites and cell body. This receptive portion of the
neuron is the focus for the convergence of the activity of, tn many cases, literally
thousands of other neurons. The intergrated reactivity op the excitatory and inhibitoty
synapses on the receptor portion of the neuron may result in the generation op an action
potential in the;avxon of the neuron. ‘ :

i o \‘

—

Principle of convergence, several presynaptic neurons synupse with one

. postsynaptic neuron.. - .

- MOTONEURON |

 Diggrany of exemmory {black arraw) and inhibitory (red arows)
" affe rents converging prfo a motoreusen. - The motoneuron forms -
1he final common pathway of all metor seflexes. - S

Principle of divergence.
Each neuron synapses with many other neurons. An afferent nerve cell that is stimulated

by peripheral receptors terminates in the central nervous system by arboriz ing into many
branches, each branch having synapt ic contact with tme receptive port ion of many other
neurons. The oppurtunity of a neuron to excite or to inhibit numerous, other neurons by
the divergence of its axonal terminal branches is a fundamental principle underlying the

activity of the central nervous system.



7
/
N

Principle of divergence. One présynaplic oeuron _l;réncia‘cs and Synspsé ~

with several »ppsts;ynapt'sc neuron. . . o

REGEPTOR

Qia‘éram. of the divergence of two dorsal root fibers (afferents) to spinal fﬁeuto,ns‘.

The axons of these feurons in turty branch into a large number op collaterals.
Facilitation. . . ] )
maiterally, "making easy") is the phenomenon wherein a normally subliminal

(subthreshold) stimulus form a presynaptic neuron "primes" a postsynaptic neuron so that another
subliminal stimulus can evoke a dischar of the postsynaptic neuron. In brief, the first stimulus has

facilitated the postsynaptic neuron.

The start of a sprint race offers an anology. The starter’s instruction of "get set" is the stimulus that
nfacilitates” the sprinters for the final stimulus of "go" many interactions of the central nervous
cyctern invelve facilitation.

Recruitment. . : .
Recruitment (the recruiting of neurons) is a neurophysiologic phenomenan in which a response

action potential) is obtaineq only after a rapid succession of afferent stimuli is delivered. The
complex of multiple chains mtercal_ated between the stimulated sites (afferent neuron) and the
responsive Sites (efferent neurons) is critical to the phenomenan of recruitment.



Recruitment is a form of facilitation primary utilizing closed multineuronal circuits. The following is
a simplified explaination of this complex activity. The impulses resulting from the first afferent
volleys travel via short circuits (an open loop) to the motor pool. These initial volleys also activate
closed multiple-chain circuits, but the resulting impulses arrive at the motor pool too late to
summate with those traveling over the short circuits. However, these initial volleys transmitted
through the closed multiple circuits arrive at the same time as the subsequent volleys transmitted
with the short circuits. The resulting summation facilitates a response from the motor neurons on the
motor pool. Recruitment is a form of facilitation obtained by repetitive stimulation. The
complexities of the circuits capable of eliciting recruitment stagger the imagination.

( A volley - is the firing of a group of neurons) - .

Simple feedback circuit,in which the axon éallateral branch of neuron x synapses -
with interneuron'y, which. in tarn,; synapses with neuronx, - L

- Simple feed-forward eircuit, basic 1o recruitment and after discharge, as discussed in reat.
The response of same intact sense organs is more complicated because many sensory fibers emerge
from them. Therefore, strong stimulation increases not only the frequency of discharge of individual
afferent fibers but also the number of activated sensory units. The latter are more numerous when a
strong stimulus is applied than a weak one is used. The process of bringing in several sensory fibers
during stimulation has been aptly and picturesquely described as recruitment of sensory units,
because it is something like recruiting soldiers for a given military task.
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Modul 21 Pathway for conscious proprioception.

CEREBRAL CORTEX CORTEX - S A puthway for kineliesin tposition and vibration sewse) and
. e diseriminntive touch Lmll-lncalrmd touch and rwu-pauu discrimination}
) . isthe pnsiﬂinr ) alial feni scus syst
DIENCEPHALON - VENI‘RAL 'POSTERIOR o
. . " LATERAL - NUCLEUS  Rectptory for this system e thotein .wme expsales add pacinion cutpuxdm.

(¥PL) Impalses aricing in the receptord travel vis the thicly myelinated, lnrge gérve
’ Ay that enter r the spinal eard as the medial divising of the piostérior (darsal)

ronf pud atenpy the pustetior. funicilay,of the spinal cord, Thore arising bedon
the sixth thoracic spinal segmen Torm the medial part of the posterior fomicning
{gracile tract) those :u'ising ahave the xixth thoracic xemnent from the futeral
phict of the posterior fosiculas (cumeate gt fibers i the oraeile ind cunente
tritety projeet npon neurans in the pasterior calnma nucled of the medutly
qblvngm:: {nuckei gravifis :nd caneatus); Axon of acuruns in the pust® rior
colanm nocle {second arderncurvns) decussate o thet tum of the

] /Mm LEMNSSC% medulla ohlonguta (internal srcante fibers) to form the medial lemniscos,

MIOBRAN

which asgenls lhmug)wut the medally ublongata, pony wrd midbrain to
terminaie apon ncarods uf the vertral posteralateral nuclens (vpl) of the
thalamus. Axony of senvony In thiy thalamic ocedy (third order nearons)
pro}ect upan the forminal sbitin of this pathwayin the sumamln-sk
{primaty sensory} cortex of the pariet:d tobe.

PONS

gnions of the posterior. colnmn—mcdnl Aystem are munifested clinfeally
y the fullimving digns. ’
Ll’nniﬁm) to identify p«‘is:tion ul the limb In, 3pacE with eyiss clofed.
GRATILE . AND - Such u'mcms abe vnable to tell whether a mznt 13 Tu n position of
CLNEME NUCLEY Retiug or exteision,
I.fnubxmy 1 :dcnt:fvobjutsp(am& Fo-thehands, Sach as keys or
xoing, from their shape, sizc and texture with gres closed..
3ok 6f two-painil dlscrimiination. Sach patients are arialite
1o Tetogmize two Mmolanconsly npphed stimuli to the bruin -
PoerRfOR COLUMN  sshen the fwo stimutl are separated by the minfnal nécessary
disitnce far their proper ldcnuﬁ:ahon 18 fwo stimuli.
1.Anability to perveive vibration wheo o vnbr;xtmg 1uning fork is
agplied fo o hooy pruminence,
PA;!MM S.3aability (o maintain steady stindiog postare when eyes are clostd.
COR?USCL s feet are placed close togetber (comberg tesi). Such patients begin
1 1o ¥way sud may fall when they close their ey, whxdﬁ clim‘iualcs
: JOINY visua compensition.

SENSOFN OECUSS»\'I

MEDULLA

SPINAL ‘CORD

{Figure 1)



Posterior column - media! lenmiscal pathway,
This major system eonveys information from mechanoreceplors
in the skim, museles téadons, and joines, (Their activity is
subjectively perceived in hasically thres forms of sensibifity;
touch-pressure, kinesthesia (position sense} and vibratory
sense, Touch-pressure is the sense reselting from defornuition
Telaroesriical ﬁber‘if the skin: kinesthesia includes the sense of ;msiﬁnp and
(third e} movement of joints (angle-movement detectors). Yibratory
' sensed from meissner's carpuscles are ealled Autter-vibrations
Ventral posteraipterdP U401 hiz), while recognition of these !‘mmﬂcegi structijres
thafame nucheus such as joints and bone is called the vibration sense, Vibratory
sense (roughly 480 hz from pacinian corpuscles) is netually
u seasing of mpid, suceessive stimuli of tactile sensel)

Medial lemnrscus The posterior eolummn-medial lemniscal
ttacond grdar] Pathway - is composed oft
Internal arcuate hibecy {1} Neurons of the ﬁt_'st order with cell bodies in the spinal
ganglian and with avons that ascend in the posterior
eolumn 0 the muclei gricilis and cunentus;
Postarier colomn = (2) Nenrans of the second order with cell badies in the nuelei
: gracilis and cunentus amd with axans that decussiie as fhe
internal arcuate fibers in the tower medully and ascend in
the medial lemniscus to tie thalamas; and
(3) Nenrons of the third order with cell bodies in the thalamus
and'with axons that project to-the cerehral cortex (post
central gyrus), Collateral branches of the neuron of the
first order pass to the posterior horn the anterior horn and
the posterior colunun: ghie lastare desepnding associntion’
fibers.

Huclaus cunsatuy
Nucleus graciliz
Faciculus cuneafus
(hrst order)

Fasciculus grecilis (first ordar) :
Lowdr molor neuton

(Figure 2}

Touch pathwovs and spinotectal truet

The touch pathways include

(1} the postertor voluma medicn]
femmiscusthalamocortical pathway vnd

. {2) the anterior spinothalamic

< Thalamocortical fibers traci-thatamacoriical pathway.

The spinotectal pathway is corposed of ¢
{1) nearons of the first ovder with coll bodies in
the spinal ganglia, and
{2} neurens of the second arder with ¢ell bodies
in the posterior horn with asens that
écussate nad aseend as the spinotectal
tract £ the snperior solliculns,

Ventral posterolateral
thalamse nucleus

Madial lemniscus

Anterior spinothalamuc tract
Nucles geacilis and cunealus ;
Spmotecial tract

Posterior column Posterior column

Gensory nesrves
Spinotectal tfact

Anterior spinothalamc trach

Fos!emlatem yract of LisSauvEr

(pigure 2) \



cell body ifn
dorsal ganglion

sensory nerve

ending

somatosensory

cortex: Fast pathway for touch und pressure sensations from
the skin through the dorsal columnn of the spi'nal cord
and the medind lemmiscus, which is bentween the medulla
and the thalamas, From the thalamus, axons sscend 0

the sensory coriex.

thalamus

‘medial

lemniscus

medulla

\axbn in.
: dorsal eolumn

dorsal
~column

(Figure 4)
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~Ruflinés organ

(Figure 1)

LN  Krasse's bulb.
. Pucininn sorpuscle RPN

Pacinian corpuscle : deep pressure

A. Largest, most widely distributed encapsulated receptors; detects deep pressure. .

B. Concentric layers of connective tissue (separated by very thin cell layers) enclosing terminal
nerve fiber within protoplasmic core.

C. Deep in dermis ; prominent in hand and foot, peritoneum, mesenteries, genitalia and walls of
many viscera ; also in ligaments and joint capsules.

%

Rufini’s organ : heat

A. Elongated, encapsulated receptors , nerve fibers branch and terminate within central
syncytium , enclosed by connective tissue capsule, sense of heat.

B. Deep in dermis and subdermis.

C. Sensitive to temperatures exceeding that of normal body, particularly sensitive to
temperature differentials.

D. Number varies greatly in different parts of body.

E. Generally much less numerous than cold receptors in any given area.

Krause’s bulb :cold
A. Spherical encapsulated receptors , nerve fiber branches with convolutions in central

syncytium, enclosed by connective tissue capsule, sense of cold.

B. Deep in dermis
C. Sensitive to temperature, lower than body temperature , particularly sensitive to temperature

differentials.

Complex sensation

Intergumentary receptors are .rarely stimulated singly;
1. Usually nature of stimulus is such that several different types of receptors are stimulated

stimultaneously

2. Cerebral cortlcal.associatio‘ns produce broad spectrum of complex sensations from various
combination of simple, basic sensations.



Free nerve ending ; pain
A. Simpleast least specialized of receptors, numerous branches with bare terminal ending,

associated with pain.

B. Most widely distributed nerve ending , most numerous in skin but also in mucous membranes
and muscles of visceral organs.

C. Extend into germinative layer of epidermis (see dyna-vue th 4.01)

Hair ending plexus, hair movement
A. Neural Fiber Plexus, associated with hair root (see dyna —vue Th 4.01).
B. Movement of hair shaft stimulates awareness of hair movement

Meissner’s corpuscle .touch - light pressure.
A. Encapsulated receptors in dermal papillae, associated with sense of touch and light pressure.
B. Corpuscle consists of vertically-layered cells interspersed with nerve fibers, and enclosed
by thin connective tissue sheath. _
C. From 1 to 4 nerve fibers per corpuscle
D. Mainly in hairless portion of skin , especially in fingers, toes, hands and feet, also in lips and

tip of tongue
E. Sense of touch and pressure very similar , but touch is the more localized in time and space

(or position)

Merkel’s discs : touch

A. Multibranched nerve fiber with terminal discs on each branch, with single epidermal cell
above each discs.

B. Single nerve fiber supplies many discs.

C. Pressure on epithelial cell stimulates discs below, interpreted as touch

D. Deep in germinative layer, only touch receptor in epidermis.

Horny
layer

Epidermi { {"-

Corium ¢

Subcuta-<
neous
fissue

¢4

Meissner's Merkel's Pacinian Hair-follicle Tactile disk Ruffini
corpuscle disks corpuscle receptor ending

A Halrless skin B Hairy skin
(Figure 2)

gchematic drawing of the structure and position of mechanoreceptors in hairless (A) and hairy (B)

gkin.




Pacinian corpuscles :-
Acceleration detector also called pc receptors also found in tendons and fascia of the muscles in the

periosteum in the joints capsules and in the mesenteries.

Meissner corpuscles :-

Also called meissner’s tactile corpuscles moderately rapidly adapting in hairless skin.
Hair follicles receptor :-

Velocity detectors in hairy skin.

Merkel’s disks :-
Also called merkel cell complexes slowly adapting intensity detectors in hairless skin located in

small groups in the lower most layers of the epidermis. Merkel cell complexes are also found in
hairy skin, but lie in special dome corpuscles elevated above the surrounding skin surface, also

called pinkus- iggotactile corpuscles. :

Ruffini corpuscles:-
Slowly adapting intradermal receptors found in the deeper layers of the dermis of hairy and

glabrous skin ( hairless skin ) All the mechonoreceptors are supplied by myelinated afferent nerve of
group II (diameter 5- 10 um, conduction velocity 30-70 m/s).

2 e Touch dome (type T SA) B

Meissener corpuscle (RA)

Hair receptor (RA)

Pacinian corpuscle (RA)

(Figure 3)

Morphology of mechanoreceptors of the hairy and glabrous skin.

A) Hairy skin, Rapidly Adapting (RA) receptors, the pacinian corpuscle, is located in the
border region between the dermal and subcutaneous tissue. Other rapidly adapting receptors
have fibers that are connected by free nerve endings at the based of the hair follides. The
type slowly adapting (Sa) receptors correspond to the touch dome. The type IT slowly
adapting receptors are located in the ruffini end-organ.

B) Glabrous skin ( hairless skin ).

Meissner corpuscles, which are rapidly adapting receptors, are located in dermal papillae.
Pacinian corpuscles are located beneath glabrous skin as well as hairy skin.



myelinated afferents) fibers. These fras activate interneuronal circuits with widespread polysynaptic
connections within the spinal cord. The eventual effects of this spinal activity are (1) ixcitation of
the alpha motor neurons to flexor muscles and (2) inhibition of the alpha motor neurons to the
antagonistic extensor muscles.

The flexor reflex loop (see figure). This three-neuron disynaptic ipsilateral, intersegmental reflex is
composed of a sensory receptor in the skin, afferent neuron, spinal intersegmental neurons, alpha
motor neurons and voluntary muscles. This reflex can be facilitated by the “secondary sensory
ending" (flower spray ending) of neuromuscular spindle, afferent neuron, spinal interneurons, alpha

motor neurons and voluntary muscles.
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The muscle spindle as an informant.

Muscle spindles are capable of relaying for more information than merely changes in length
Because of represeiice of another set of sensory nerve endings within the spindle, the secontiary ¥))
fibers, the spindles can also convey information concerning the rate at which a n;uscle is changfng
its length. The fibers form “flower-spray” endings around the ends of long, thin, intrafusal fibers
known as the nuclear chain fibers. The annulospiml endings of the la fibers wrap around the cenl’:ral
region of a different type of intrafusal fiber, the nuclear bag fiber. There are several la and 2 nerves
(in addition of course, to the gamma motor fibers a simplified version of muscle spindle structure ié

shown.

afferent neuron

~interneuron

s
alpha mator neuron
ﬁ,’./ motor end plates
skin receptor \x —

‘neuromuscular spindle
Flexor reflex responses (protective or withdrawal reflexes).
The flexor responses are initiated by a heterogeneous group of afferents called fle or reflex afferents

(f2’s) with rgceptors ending'in the skin, muscle, joints and viscera. They include a delt i
fibers, group 11 (secondary spindle afferents fibers and group iii and iv (free nerve endingsa:)l;i cpn



2) To preset the muscle to contract to lift a load and to make adjustments in contraction rate and
force during the contraction. '

dursa_E: root cell body of 1a

% -~ afferent heuron

1a afferent from
muscle spindle

alpha ;
motoneuron

yentral root

e 3

‘muscle twitch
fiber

Jntrafusal
fibers

% muscle
spindle
The gamma loop. The twitch fibers of the muscle are innervated by the axons of the alpha
motoneurons. The intrafusal fibers of the muscle spindle are innervated by the gamma motoneurons.
The muscle spindle also innervated by la sensory fibers that synapse directly on the alpha

motoneurons.
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Modul 23 Gamma reflex loop.

Uppermotor neuron

~ . Upper motor neuron
Alpha motor neuron

2 Newromuseudar spindle
“Golgl tendon ending.

e - volutary muscle

Gamma reflex loogi

As a muscle contracts, the neuromuscular spindles within the muscle become passively shorter. With
this shortening there is a cancomitant reduction in the rate of spindle firing via ia afferent neurons to
the alpha motor pool. With this rati reduction, the system is not able to maintain the continuous '
contraction of any muscle mass. Continous contraction of a muscle mass results when the muscle
fibers are in various degrees of contraction in response to asynchronous volleys of alpha motor
neurons (a volley is the firing of a group of neurons). This continous contraction is dependent upon

the gamma reflex loop.

The figure shows gamma reflex loop and the golgi tendon endings. The gamma loop comprises (i)
gamma motor neuron

(ii) neuromuscular spindle

(iii) afferent neuron (i a fiber),

(iv) alpha motor neuron, and

(v) voluntary muscle.

The upper motor neuron can facilitate the gamma motor neurons. The golgi tendon endings are
involved in the loop composed of golgi tendon endings, afferent neuron, spinal intrasegmental
neuron, and alpha motor neuron.

The gamma loop is the pathway that involves the alpha and the gamma neurons and the ia sensory
fibers that connect them. the gamma loop is essential:

1) To set the general level of muscle tone precisely, and so to control posture.
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Modul 24 Pathways for nonconscious proprioception.

Nonconscious proprioception is mediated via the two spinocerebellar tracts these are the
posterior (dorsal) and anterior (ventral).

The posterior spinocerebellar tract conveys impulses from the muscle spindle and golgi
tendon organ. Such impulses travel via groups of ia, ib, and ii nerve fibers, enter the spinal
cord in the medial, thickly myelinated, large diameter fiber portion of the posterior root,
and project upon the ipsilateral nucleus dorsalis of clarke. Axons of neurors in this nucleus
(second order neurons) form the posterior spinocerebellar tract, which ascends in the
lateral funiculus of the spinal cord and the medulla oblongata to reach the cerebellum via
the inferior cerebellar peduncle (restiform body). -

The anterior spinocerebellar tract conveys impulses from the golgi tendon organ. Incoming
fibers project upon neurons in the posterior horn of the spinal cord (laminae v to vii).
Axons of neurons in these laminae decussate to the contralateral lateral fun iculus to form
the anterior spinocerebellar tract, which ascends throughout the spinal cord., medulla
oblongata, puns, and mid-brain, loops backward to join the superior cerebellar peduncle
(brachium conjunctivum), and enters the cerebellum. The spinocerebellar pathways convey
to the cerebellum information about activity of muscles and progress of motion for
coordination of movement. .

Lesion of the spinocerebellar pathways (as occur in hereditary spinocerebellar
degeneration) result in incoordinate movement. such patients tend to walk with a wide

base, stagger, and frequently fall.

n

WCLEUS QORIALS
OF CLARRE

go1nAL CORD

v em——
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Modul 25 Cerebral circulation.

The internal carotid and vertebral arteries provide the total blood supply which is relatively
constant during exercise, postural / gravitational changes, mental acuity and sleep regional
blood flow may change in response to activity in parts of the brain.

=I5 750m)/min (measured by N.0 method-fick principle)

£~ 20% restirig body heat
|-~ SUPPLIES 45ml == grey matter uses 15% more 0,
I 0/min  than white matier (W/wbasis)
Lo prEY MiattRL has rich capllktry
supply
CEREBRAL | supplies brain, tissue, which with cerebrospinal

CIRCULATION fhuld, Is enclosed in rigid cranium; hence volome of total intracranial
contents is nearly constant (and beain blocd flow s relahve!y constam)

= when stopped for [0 séc. (eg cardiac arrest)
——-—% UnRCoNSciousness

b= when P20, decrease 10 35mm hg
»——-—-& unconsclousnass

§sme whien P20, increased steeply (hyperbaric 0)
“w---& vasoconslrietion

o provides glucose.as major metabolic energy sources (durmg starvation
freefauy acids and ketones may be used

beee js stabilised bybamrecepwxsmcamﬁdsmus

which monitor peessure of blood flowing to brain, and via pressor-
teflexes regulate aortic blood pressure; beace, brain Is protected from
agute changes in blood presstire,

Regulatlon of cerebral blood ﬂow '

-~ dlamater of serehral veseels

CVR ' — [~ yiscasity of blood

== intracranial pressure
(e, Pressure of brain tissue, csf and blood)



On assuming upright position, both arterial i
_ , and venous pressures in brain
hence perfusion pressure (and blood flow) are maintaingd steady. dectease by same amoun

Effects of intracranial pressure on cerebral blood flow.
? lolracranial Press o> Compression Cereb‘x‘al?@sels
t o ——s 1§ Botron.

S . é ‘Blood Plow

‘? VenousPress T &%Pmsssr&dsemmrlm

AP = Cerébral il Presire.

Control.

1. Autoregulation
Main determinant is PACO2flow relatively steady over arterial blood pressure range

60-200mmhg. Anaesthetics may reduce brain metabolism i

ng. Al and hence, b,

2. Sympathetic nervous system (noradrenaline - receptor) ® brain blood flow
(constriction)
Unimportant in cerebral vasomotor regulation

3. Parasympathetic nervous system (ach-muscarinic receptors (dilatation)

Unimportant in cerebral vasomotor regulation

Autoregulation of circulation.

Flow = Pressure

: Resistance
Tissue flow is regulated by intrinsic local changes in resist i

. ; ance of arte i

precapillary sphincters. g rioles, metarterioles, and
This tailors jche ﬂow to the tissue metabolic requirements.
Autoregulation is of particular importance in vessels of brain, muscle, heart, kidney, intestine and

liver.

1. Tissues whose metabolic requirements are relatively constant, eg. brain



Blood flow /" T

blood pressure
(mmHg) |
Flow-pressure relanonsmp in tissues with relatively constant
membolm requirements, |

2. Tissues whose metabolic requirements changes widely, eg. skeletal and cardiac muscle.

Blood flow

blood pressure
o {(mmHg)
- Flow-pressure relahonship in issues with changmg
metabolic requirements. o

Mechanism of autoregulation.

—VASODIALITOR SUBSTANCES ——7
| (X', ADPAMPETC)
‘?ﬂssuz ACTIVITY  —— -,L* poz VASODILATATION
oq:smoo FLOW S '
? Tsmon FLOW
| l#Pco T [H7]
* v in muscle

g 5pemaily in brain (€0, diffuses through bload-brain barrier iinto interstitial finid
—p H w»mlataﬁon)
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Modul 26 Diagram of the parasymphathetic (craniosacral) division of the

autonomic nervous system.
The preganglionic'a_nd postganglionic neurons are cholinergic.

;De_sg:endi'ng auionaxnic:;”"N\f .., Hypothalarmus
pathways o e }} /

Ciliary ganglion - R
N s Eyeandlacrimal gland-

Accessory —X
oculomaotor: nucleds e
(Edinger-Westphal) e NG  Pletgosalating sansiica
Sahvatory<8npexior = ca = @ °“g°Pm°‘g,?‘¥§!mn
nuclei Inferijor—: s \,,‘\( Blonddvessels and
Dorsal vagal R oue ganghon s" £y f, glan s ofheatI

nucleus | ; ¢

gz E 'ﬁeproﬁucﬁve sjstem-

Preganglmnic neuron
o Postganglionic neuron’
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Modul 27 Classification of nerve fibers.

1. Motor and sensory nerve,

Classification of nerve fibers by Erlanger/Gasser:

Fiber type Function (examples) Avg. fiber dismeter | Avg. cond. velocity
4 — {pm) {mfs)
Ac Primary muscle-spindie 15 100(70-120)
afferents, motorto skeleial | ,
muscles ' .
AB Cutaneous tmick and. g 50(30:70)
' pressure afferents 1. -
AY Motor to muscle spindles 5 20(15-30).
AS Cutancous temperature and <3 15(12-30)
pain afferents : _
B Syampathetic preganglionic 3. 7(3-15)
C Cutaneous pain afferents, | ] 1(0.5-2)
sympathetic postganglionic | (inmyelinated)
2. Sensory nerves.
Classification of nerve fibers by Lloyd/Hunt:
Group Function {examples) | Avg. fiber diameter | Avg. cond. velocity
1 (um} ___{w/s) :
1 i’mnarynmsclerspm&e 13 75(20-120)
| afferents and afferents from
CTRans .
| Cutancous mechanoreceptors | 5 35(25-70)
1l Deep pressure sensorsin 3 11(10-25)-
muscle _
IV Unmyelinated pain fibers i 1
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Modul 28 Mylination of axons.

Sehemes 1o illustrare the myclination of axens by the Schawon celll in AL A1 and A2

4 pumber of axons invaginate a Schawnn vell, such avons are said to be non-myelinated.

i B o single investigntes & Schawnn cell. In B1 early rotation of Schawnn coll is shown,

In B2 the Schawnn Cell has rotated o number of times round the axis cylinder in such o way
that the axon heeomes surrpunded by a aumber of double fayers of the Schawnn Cell c,\mn.!asm.
g, 1Bl and B2, therelore, are successive stages in the development of the myelin sheath.
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Modul 29 Cross section of a peripheral nerve showing myelinated and
unmyelinated (arrow) fiber.
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Modul 30 Cellular organization of peripheral nerves.

A. Peripheral nerve components.

Basal lamina
. H), 80/ Unmyelinated
Schwain * =%~ SAXONNU S i v * fiber

cell nucleus Myeli
A diagram of a peripheral netve in-cross sec:‘uon‘ The nerve conntain

three fascicles. The figure on the left represents a hloh magmﬁcanon |
of a mvylenaled axon in cross section.

B.A dlagram of the pnnc1pa1 components of the peripheral nervous system.
. : 5 NeuwninGmci!e Nucleus

THORACIC
SPINAL: CORD

%,
I
J

LUMBARSPINAL
CORD”

Db

— s e N e

! g Dotsal Root
Sympathehc ] [y Dorsal Root.
Ganglioh ' {f } Gmghgn.ce.ll |
i ] )——SchwaﬁnCéllNucleus
% i l? 1, ~——Nade of Rerivier
Usimyrelineted | |# N
Azon | l!r § Myelinated Intemode
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Ih
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Modul 31 Nerve injuries causing bladder dysfunction.

Nerve injuries produce 3 types of bladder dysfunction:

A. Atonic bladder

Interruption of sensory nerve supply results in loss of bladder tone. The bladder may
become extremely distended with no development of an urge to urinate. It fills to capacity
then overflow. '

B. Hypertonic bladder :
Interruption of the voluntary pathways results in excessive tone, and smaII distensions
create an uncontrolled desire to urinate.

C. Automatic bladder
Complete section of the cord above S1 causes automatic emptying in response to filling.

§
]
“higher centres | |44 T causing -
N 4

‘sensory pathto -—1 -1 ' ‘Asiteof i m;ury

v

B.site ofinjury 4
causing ——— 4—— s

(4{ .
Csiteofmjury ‘ \‘% |

causing._———— ot
pudendal nerve
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Modul 32 Segmental demyelination.

Diggram to summarize allergic segmental

demyelination and remyelination.

A Normal [ibre.

B.Demyelination:macrophages are stripping
the myelin sheath. Associated lymphocytes
arg also shown, '

C. Schwann cell mitosis,

D.E. Remvelination.

ALLERGIC SEGMENTAL
DEMYELINATION and REMYELINATION
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Modul 33 Degeneration and regeneration in a mylenated nerve fiber.
Schema of the wallerian degeneration and the regeneration in a severed peripheral myelinated nerve
fibre. In these drawing are presénted the endoneurium sheath in which the nuclei of the fibroblasts
the myelin sheath in which the Schwann cell nuclei are surrounded by some cytoplasm (in dark
grey). The neurofibrils are indicated within the axon.
i) General view indicating the location of the nerve transection. The part of the nerve within the
rectangular line is presented

in higher magnification in the numbers (ii) up to (viii).
i) 1st day after the section: swelling of the proximal axon stump end.
iii) 2nd day: the axon is shrunken, varicose and the neurofibrils have disappeared; there is a

retraction of the myelin sheath

from the nodes and a proliferation of the endoneurium disappeared; there is a retraction of the
myelin sheath from the

nodes and a proliferation of the eidoneurium fibroblasts.
iv) 3rd day: vacuolization and fragmentation of the axon; fragmentation of the myelin;
multiplication of the Schwann cells.

The myelin digestion starts at the periphery of the Schwann cells.
v) 8th day: the axon fragments disappear; the Schwann cells invade the gap between both. nerve

ends; the myelin stains
Marchi positive (in light grey); regeneration is strarting with a fork-like outgrowth of neurofibrils

from the proximal axon

stump. These fibrils grow along the periphery of the myelin ellipsoids.
vi) 12th day: the myelin fragments stain Sudan positive (in middle grey).
vii) 20th day: the gap between both nerve ends is closed by Schwann cells and fibroblasts. This is
the so called band fibre or

Bungner band. Only one nerve fibre successfully grows into the peripheral stump. An other fibre
has deviated into the

surroundings.
viii) 100th day: all axon and myelin fragments have disappeared. The diameter of the nerve is still
less then nerve originally was.

Although is reinnervation there still is no remyelination yet.
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SISTEM SARAF PUSAT

Modul 34 Primary myelinopathy (e.g. Inflammatory)

A diagram of the cardinal pathologic features of an inflammatory PNS myelinopathy. Axons
are spared as is CNS myelin. Following the attack, the remaining Schwann cells divide . The
denuded segments of axons are remyelinated, leaving them with shortened internodes.
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SISTEM SARAF PUSAT

Modul 35 Segmental demyelination.
Diagram to summarize the events occurring in primary segmental demyelination and
remyelination. A. Normal nerve. B. Early segmental demyelination; retraction of paranodal
myelin with widening of the nodal gap. C.Destruction of myelin sheath and Schwann cell
mitosis. D,E. Remyelination; intercalated short segments.

¢ B /

Primary seemental demvelination and remvelination



SISTEM SARAF PUSAT

Modul 36 General pathology of peripheral nerves.

Diagram,summarizing the events occurring during axonal degeneration and regeneration.
A.Normal nerve.

B.Seven days after axonal damage; Schwann cells containing axon and myelin debris have
divided to form bands of Bungner. C.Axon sprouts grow from the swollen end bulb of the
proximal axon.

D.An axon becomes myelinated.

E.Connection with the endorgan is re-established; regenerated internodes are short.

-
: gl )

Axonal degenaration and regenaration



SISTEM SARAF PUSAT

Modul 37 Toxic sensory neuronopathy.

A diagram of the cardinal features of a rapidly involving toxic sensory neuronopathy. The
jagged lines (lightning bolts) indicate that the toxin is directed at neurons in the dorsal root
ganglion (DRG). Degeneration of these cells is accompanied by fragmentation and
phagocytosis of their peripheral-central processes. The Schwann cells remain, there is no
axonal regeneration.

9

Astrocyle
Profiferation




SISTEM SARAF PUSAT

Modul 38 Toxic distal axonopathy.

A diagram of the cardinal pathologic features of a toxic distal axonopathy. The jagged lines
(lightning bolts) indicate that the toxin is acting at multiple site along motor and sensory
axons in the PNS and CNS. Axon degeneration has moved proximally

(dying — back) by the late stage. Recovery in the CNS is impeded by astroglial proliferation.

Astrocyte
’Eroﬁferaﬁon

Normal




SISTEM SARAF PUSAT

Modul 39 Class 1 acute nerve injury (eg. compression).

Class 1 (neurapraxia) nerve injury associated with compression by a cuff. Axon movement
at both edges of the cuff causes intussusception of the attached myelin across the node of
Ranvier into the adjacent paranode. Affected paranodes demyelinate. Remyelination begins
following cuff removal and conduction eventually resumes. Conduction is normal in the
nerve above and below the cuff since the axon has not been damaged.

Normal Cuft in Place Cuff inflated Sagmental Remyelination
Demyslination



SISTEM SARAF PUSAT
Modul 40 Class 2 nerve injury.

Class 2 nerve injury (axonotmesis) from a crush injury to a limb. Axonal disruption occurs at the site
of injury. Wallerian degeneration takes place throughout the axon distal to the injury with loss of
axon, myelin, and nerve conduction. Preservation of Schwann cell tubes and other endoneurial
connective tissue ensures that regenerating axons have the opportunity to reach their previous
terminals and, hopefully, re-establish functional connections.
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SISTEM SARAF PUSAT

Modul 41 Degenaration and abberant regeneration in (class 3) nerve injury.
Class 3 nerve injury (neurotmesis) with severance of all neural and connective tissue
elements. There is little hope of functional recovery without skilled surgery. Regenerating
axons are entering inappropriate Schwann cell tubes (aberrant regeneration).
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SISTEM SARAF PUSAT

Extrafusel musclefibre | g efferent
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MUSCLE SPINDLE REFLEX .
5 SENSORY NERVE FIBRE

/ALPHA MOTOR NEURON

Impulses in the sensory nerve fibre of a muscle spindle produce muscle contractlon viaa
nonosynaptic reflex-the stretch reflex.
These fibres also produce inhibition of motor neurons of antagonist muscles.

. ——



SISTEM SARAF PUSAT
Modul 43 Cerebral cortex.

Lateral view of the
., cerebral hemisphere

On the diagram above, indicate where the motor areas of the brain are.



Pyramidal system.
Cerebral |
hemisphere
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Dorsal column system.

W Cerebral

Midbrain I
3 lemiiscus |
‘Decussation of _. B

g2~ Cuneate nucleus’
medial lemuiscus o

™= Fibres from
- :cervical region - - - -
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SISTEM SARAF PUSAT

Modul 44 Cutaneous distribution of major peripheral nerves.

~Axillary N

Lower Lat cut N of arm’

Lat cut N of foreanm- e

Tlioguinal N

‘ Femoral branch of gbpstofemoral N L 3
Lat cut N ofth:gh ; s
Intenned and.med cut N af thigh

Saptienoiss N ==

‘Deep peroneal N-

Med and Lat Plantar N

- Great auncular N v

. Ant cutN ofneck

‘ SgprgdawcularN o

Med tut N of arm'and
mtercostohractnal

Med cuf Nof forearm
Ihohypogastnc N

RadtalN :
- Mcﬁan,ﬂ

U]narN"

R e Gemtal hranch nf Semmfem N
ObuxratorN B

—Lat cut N of calf.

Superficial -
peroneal N

The distribution differs fromthat of spinal nerves.



SISTEM SARAF PUSAT
Modul 45 Splnothalamlc tracts
Cerebral

hemisphere/4.
p \

Mid brain \.
R "_Lateral
e ‘lemniscus

Q 0&9 "":."Ventral

./ spinothalamic

> tract
— Lateral

~"'?.j spmothalamxc

Medulla

Spinal cord |
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SISTEM PENCERNAAN
Modul 1 Gastrointestinal tract

Modul 2 Secretion and digesion
Modul 3 Absorption

Modul 4 Motility

Modul 5 Control of small ontestine
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Modul 1 Gastrointestinal tract.
The 4 main function of the GIT are :
1. Secretions

2. Digestion

3. Absorption

4. Motility/ excretion

SECRETIONS AND DIGESTION (1)

A. FUNCTION

Breakdown of food into simpler components (monosaceharicles, amino acids, free fatty acids ) for absorption and
assimilation.

B. SITES
(A) Mouth
(B) Stomach

(C) Small intestines

THE MOUTH

1.1 Saliva - produced by

i) Parotid gland

ii) Submaxillary gland

jii) Sublingual gland.

1.1.1 Composition of saliva

i) Enzymes- a amylase and Lingual lipase

ii) Electrolytes

1.1.2 Volume of saliva : 0.5- 1.5 L/day (PH 6.4 - 7.0)



Little digestion of carbohydrate (a-amylase) and lipid (lingual lipase) occurs in the mouth.
1.2 Secretions controlled by 3 mechanisms

1.2.1 Conditional reflex (cephalic phase)

STIMULUS - _ | |
i eficular : . g Y
l 1. Sight l,._+ o , Salivary Medhilly .
2. Smell }offood P e senter Oblongata

3. Thought
| { Saliva L ' ¥ {+})
production | _ _ Glands
(?srond.suhlmgml,_submsﬂlm)

1.2.2 Local
STIMULUS
(i — (2]
1.2.3 Neural
\\
@) |
STIMOLUS ‘ﬁ
@ ——

The food is transported into the stomach via the OESOPHAGUS by PERISTALTIC MOVEMENT.

(Ref. FLM on MOTILITY Station 4)



Modul 2 Secretions and Digestion

THE STOMACH

2.1 Function to

i) mix food

ii) add gastric juice (HCL , pepsinogen , gastric lipase) to the content of the stomach produce CHYME
2.2 Secretion of gastric juice is effected by 3 mechanisms

2.2.1 Cephalic phase of gastric secretion

2.2.2 Hormonal
This involves a hormone called : Gastrin.

Gastrin is released by G cells and stimulates HCL and pepsinogen secretion as illustrated in (Station 2 €)

\ .
2.3 Mechanism of Pepsinogen catalysis by HCL

- PROTEIN
= kst S = 1
RS TR 40 S N i
[ PEPSINOGEN > PERSIN ~—==> |
'WME*..‘{- B AT PEPTIDES
i r
% T p— :
S )
i
. 11
'STOMACH | i
waLL 7 '
i
!

CHIEFCELL -

C

HCL catalyses the break duown of Pepsinogen iuto Pepsin. Pepsin digests
the proteins —— PEFTIDES R |

2.4 Mechanism of HCL secretions - 3 (Cephalic, Gastric, Intestinal)



GASTRIN
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2.5 Neural : Local reflexes (ref FLM 2q)

N

THE SMALL INTESTINE

Functions to
i) mix the chyme with alkaline secretions

ii) mix the chyme with secretion from pancreatic and bile duct cells (HCO3-)

iii) realease digestive enzymes from the pancreas.

3.2 Secretion of intestinal juices is effected by mechanisms

3.2.1 Cephalic phase of intestinal secretion

pepeiy Fy TV
1‘ e 4»—6

3.2.2 Hormonal



This phase involves hormones of both the secretin and gastrin families
STIMULI
(i) Acid in Small Intestines

(ii) Products of Pr - digestion (AA, Peptides)

'STOMAGH

Dot 035y I
,uc—v«uw-w-’;n'

. . P AE

Isee
1 -
i [}
N
1ot R
L AR
!

1 )
1 ﬂ ______ - g
D e e i
; : 3
ACTIONS -

{a) Stimplates Pmmnc Duct mns‘-l'aco,

() Angmneqts CCKtoproduce Panmnc anyumaﬁmcena)
{c) t X gastm acu!sccrction hyaNEGATIVE FEEDBACKMECHAMSMBS

ALKALINE | (Prncresse o
JUICE Duo)

{d) Stmalates cals of the eommon Bile duet — HCOY

3.4 Neural : Local reflexes (refer FLM 2q)

THE SMALL INTESTINAL- hormones



CHOLECYSTOKININ (CCK)

3. It's secretion is effected by the same 3 mechanisms as for other hormones

3.1.1 Cephalic phase of release

3.2.1 HORMONAL : Release and actions
STIMULI
(i) Fatty Acids

(ii) Amino Acids/Peptides

B o

e e e . B it i e e .

PRt put=ytapdy
- e o o e

=

o g

ACTIONS
1) Triniragtion nf ?ﬂm‘iﬂt’ﬁbﬁ-’f—;& Rtz redence Tor EAT Mineninn dlpsstion
(b) Inhibition of gastric eniptying o
{53 Stimalation o pancreati ductcell ~—_HCOs
&) T secretion of ENTEROKINASE—# T motility
(¢) Stimulation of pancrestio juice —P» secretion of Pancreatic Enzymes
CCK acis by a POSITIVE FEEDBACK SYSTEM



oCcK BILE & PANCREATIC |____ J FURTHER
) JUICE DIGESTION
OF Pr AND f1

| Peptides
AAFFA

K‘" R ’L

Secretion and Digestion - Bile

PRODUCTION OF BILE

Livercelly ===y bllp = owedp comnion i Doudeaum.
© Inta storedip Tepatic e
capaficali  galibladder . duct ‘

* 80-90 % from haemaglobin, Haemproteins
* 25 % Hepatic cytochrome P450

COMPOSITION : bile salts, bile pigment + other substances in an alkaline electrolyte solution.

Water 97.0%
Bile salts 0.7%
Bile pigment 0.2 %
* Cholesterol 0.06 %
Inorganic 0.7%
* Inorganic salts ----0.15 %
* Lecithin 0.1%
Fat 0.1%

* In solution due to the bile salts

Colour:-

Golden yellow due conjugates of bilirubin.

Tetrapyroles (metals, porphyrins)



Bile pigments (biliverdin, bilirubin)

PROPERTIES OF BILESALTS :

(i) ¥ surface activity due:
(3) hydrephilic activity group side chain
{b) Lipophilic steroid suckeic

(i) Amphipatiic { i.¢ has hydrophabic and bydropbilic domains)
(i) From micelle which has hydrophobic core aod

trydiophilic surface ~——p Lipids in solution
which are transported (o the brush barder of the intestives.

| BILE AND LIPID MICELLE ]

sacER R R R

BOND |

FFA, CHOLESTEROL

REREBE

PHO&PHOUPIDS

Regulation of biliary secretion:

1. Lepuical « food in mouth M‘rcmm‘c e FA e CCK — P>

sphoetes AA sclease
of odidi Acid
{ins duxlenum)
CHOLAGOGUES

Contraction of sl gamhddcr

2 Homanst > $31,0, 11C0Y
santont of bile g
.._...’( tile secretion)
CHOLERETICS
3 Neum! - stimulasion  ———pe il
of Vagus products

Reahsarbod bie stids inhibi new bile seoretion



Liver
0.2/ 8y

Bz sabz (pool=3.5g)

Entirohepatic sirailation of bite salte. The solid represent b "szksvo‘?.'be TR
.&hamﬁwdmhcdﬁw;mymmag@mmﬁm:f " m‘::cm

Cholelithiasis - Gallstones 2 types:
i) Ca++ bilirubinate stones

ii) Cholesterol stones
Predisposing factors:

i) Bile stasis

ii) Supersaturation with cholesterol (crystals + micells )

iii) mixture with nucleation factors (in supersaturated bile)

Neural regulatory mechanisms:

1) Enterie tervons sysiem or shart reflexes (Jocal),
Invelves the myesteric of submucams plexuses or both
Can be influsniced by the ANS

M) Aulmu{u N YOha DY aivill (2AND S, vinedialpnd vi PRiaiyapatinlie al

Syntpathetic sysu:m? CNS ————pp tnofcr )

Influence
Sucretary sutivity
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Modul 4 Motility

Function : Movement of food from the mouth through
(1) The Oesophagus

(2) Stomach

(3) Intestines (small and large) to the anus (Defaecation)
Movement Through The Oesophagus

(A) Swallowing (Deglutition)

Is a complex reflex

STIMULUS f

Pressure of
food/drink on

Swallowmng
center in
Medulla

Afferent

RECEPTORS 1 Trigemmnal n
OF 2 Glossophary n Obl
PHARYNGEAL 3 \n:agmn g

WALL

PHASE:
a ) Voluntary
b ) Involuntary

Voluntary phase

| Elevaton of soft palate — closure of nasopharyngeal passage

Hard palate

Tongue

Glottis =
i

Trachea




2 Pressure of food on phanyngeal wall —# Receptor
strmulation — impulses to swallowing center

(1) Inlibstion of respiration
(21) Raising the larynx
(in)  Closure of glottis

3. Tilting of epiglotis backwards as food is force backwards.

4. Involuntary phase
1. Relaxation of upper sphincter
2. Food passes followed by closure

3. Glottis opens,breathing resumes




4. Food moved forward by PRESTALTIC WAVE
5. Lower sphicter opens

6. Food into stomach followed by sphincter closure.

Function Muxing of food with juices and gnnding —p CHYME

Lower
esophageal
sphincter

Duocdenum

| [hstenston of stomach wall inmates penstaltic contraction of body stomach
—p antrum



b

2 t antral contraction —» closure of pylone sphincter



Modul 5 Movement of Small Intestines

Function « Mixing of chyme with:
(i} Digestivejuices :
(i)  Exposure of digested products 1 large absorptive surface
’(uz‘) Propulsive movement —3 aboral passago of chyme

Stimutus : Distention {strotch) of smafl intesiines ~——— coatrictio (mixing and
propulsiog). T Se [misiig and

Control of Small Intestinal Motility

The contractions are myogenic in origin and are influenced by:

A. Intrinsic plexus
B. Extril;sic plexus

C. Hormones
MYOGENICELECTRICALACTIVITY
An autenomods bl eleetrical rythmn (BER) erigmate from the mrscle wall,
(i) Slow oseilitory vease Gencralor potentials —-» spike poleitials —comiratiion
(i3} Slow saves briginating in the longiudinal niscl¢ fibey —m—ps circilar nmscle fibir
" e cifeulay mascle fiber — myentericplos

Giii}Slow waves follow a frequency gradient ( highest in duo 12-34 mipulse/nin.)
{ivy Vagotomy —no cffect on anionomons basal clectrical thyahm. —~~

\

\

Rhythmic Segmentation

‘Conirnction occtars thythmically in functional segments of small intestine. Tn between
rings the intesting ballons ont, Moments Inter ths ballomed zones contracted zines rela

———p  mixing mainly.

relaxed

- Pata N
Y W A VORI e N

| 4k |
TN N NS
N N

'\.',/  contracted S

e oy eV et

These contraction are weaker than peristaltic contractions and are dependent (mainly) on the
myenteric plexus (partially blocked by atropine)

Factors affecting it !

| [inaffected by denervation of extrinsic AutoNomic neFves

_ parasympathetic activity ——p{+} Increase - wnuactwns
;1 Sympathetic activity ~—— (-) inhibition of cantraction
jii, Contraction #iymph flow



Peristaltic Movement

Mechanoreceptors present in mucosa are stimulated by stretch (or irri
.- tan
sensitized by locally present 5-HT or subt. P. ( modulas’iors ) (orirritants) and are probably

Chyme (bolus) initiates wave of contractions which mayb i
. ybe preceded by a wave of relaxati
travels only a few cm. (Velocity 1-5 cm/sec) ; faster in proximal than in terminal in’tes’tif;e:)r.l éﬁzﬁuy

intestine transit time 3-10 hr.

Peristalsis is dependent on the intrinsic myenteric plexus and is aboli i
: shed by atro
mucosa, or degeneration of the plexus. y atropine, removal of the

MECHANISM OF PERISTALSIS

1. Entry of chyme into duodenum ~——p distension ——- peristalsis/ thythmic

contrachion. 7 '
3 Gastroenteric{ gastro-lleal) reflex ocenrs with entry of food into stomach

Trigger, by distension of the stomach.

Neural Reflexes of Peristaltic Movement

Impulses of this reflex are conducted along intrinsic plexis. —# mgiility/of the small
intestine and may propel chyme ihrough the ileo-gaccal valve into caeéum. .
In case of peristaltic wive sweeps rupidly aver large part of small intestine ~—# colon 3
induced by irritants or distension. ,

Control of Small Intestinal Motility
A

The contraction are myogenic in origin and are influenced by:

A. Intrinsic plexus

B. Extrinsic nerves

C. Hormones
Intrinsic plexus
Rhythmic segmentation and peristaltic contraction are dependent (mainly) on local myenteric

reflexes. The myenteric plexus mediates 4 types of impulses.

a. Cholinergic excitatory (mediator ACh)
b. Non-cholinergic exitory (mediator?5HT,7sub.P-)
c. Adrenergic inhibitory (mediator Nor adrenaline)

d. Non-adrenergic inhibitory (mediator ATP)
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SISTEM ENDOKRIN

Modul 1 Hypothalamic hormones and factors regulating adenohypophysial
Function

Modul 2 Caracteristics of hypothalamic releasing hormones
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Modul 9 Mechanism of growth hormone action
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SISTEM ENDOKRIN
Modul 1 Hypothalamic hormones and factors regulating adenohypophysial

function

Hormone | Predominant site in Target pituitary hormone
hyp othalamus )
Thyrotropin releasing hormone | Anterior perventricular | Thyrotropin (TSH)
(THR) ‘ Prolactin , )
' Growith hormone { by Pathologically
7 high levels of THR)

Gonadotipin releasing hormone | Arcuate Lutenization hormone (LH)

(GnRH) . Follicle stimulating hormone (FSH)
Growith hormone { by pathologically high

4 levels of GnRH)
Corticotropin releasing hormone | Anterior perventricular | Adenocorticotropin (ACTH)
(CRH) Beta and gamma Lipoprotin
' Beta endorphins -

Growth hormone releasing | Arcuate Growth hormone

hormone (GHRH) |

Growih homuone inhibiting Anterior perventricular | Growth hormone

hormone (somatos\tatin) ‘ Prolactin ‘

h Thyrotropin (TSH)

Adrenocorticotropin

Prolactin inhibiting factore (PIF) | Arcuate Prolactin
Thyrotropin
Growth hormone (at pathologically high
levels of PIF )

Prolaciin releasing factor (PFR) | Not known Prolactin




SISTEM ENDOKRIN
Modul 2 Caracteristics of hypothalamic releasing hormones

Secretion in pulses

Action on specific membrane receptors

Transduction of signals through calcium, membrane phospolipids and cAMP
Stimulation of release of stored hormones via exocytosis

Stimulation of synthesis of target hormone at transcription level
Modification of target hormone at post translation stage eg. Glycosylation
Stimulation of hyperplasia and hypertrophy of target cells

Modulation of effects by up-or down-regulation of their own receptors

W



SISTEM ENDOKRIN

Modul 3 Anterior pituitary .
Cell Hormones Hormone characteristics Main functions
{Cell population)
Corticotroph - Adrenocorticotropin A polypeptide hormone derived from | ACTH-Stimulates ghicocorticoid and sex
(15 - 20%) Beta lipotropin a larger polypeptide molecule that also | hormone secretion from the adrenal
| give rise to hpotropins and cortex
melanocyte stimulating hormone. Lipoprotein-weak lipolytic and opioid
Cells are mostly in the pars distalis of | actions
the pituitary
Thyrotroph Thyrotropin A glycoprotein containing two Stimulation of all aspects of thyroid
(3 -5%) subunits, alpha and beta. Alpha function : hormone synthesis,
subunit is found in LH and FSH also. | hyperplasia, hyperntrophy, vascularisation
Cells are found mainly in the
anteromedial part of the gland
Gonadotroph Luteinizing hormone | Glycoprotein hormones with similar | LH-stimulates hormone production in
{10 - 15%) Follicle stimulating structures. Cells are scaitered all over | Leydig cells, theca cells
hormone the gland and most secrete both FSH-stimulates granulosa ceils Sertoli
d hormones cells
Somatotroph Growth hormone A single chain polypepiide hormone | Stimulates the production of IGFs and
{40 - 50%) has direct actions on growth and
metabilosm
Mamm otroph Prolactin A single chain protein hormone. The | Stimulates milk production «nd inhibits
(10 - 25%) percentage of mammotrophs increase | gonadotropin secretion
during pregnancy lactation and
oestrogen therapy




SISTEM ENDOKRIN _
Modul 4 Hypothalamic and pituitary hormones

RH = releasing hormone

IH = inhibitory hormone

o Hypothalamus
Nucleus
ventromedialis .
Nucleus Nucleus |
dorsomedialis supraopticus
Nucleus Nucleus
infundibularis paraventricularis

RH(TH)

Chiasma
opticum

A Hypophyseos
Y supetior

Axonal flow in
neurosecretory cells

Release of RH
or [H into
blood stream

rtal veins
pe Ahypophyseos
inferior

x‘veleasa
0DIC hormones,
IH inhibit Release of
ADH or
oxytocin

LY tHypophyseal
K ) \ vy___ Posterior pituitary
. 2 {neurchypophysi

Anterior pituitary — Newrchypophyseal ypophysis)
(adenohypophysis) Adenohypophyseal | L ormones

hormon ADH, oxytocin

ACTH PR.

STH LH

TSH MSH




SISTEM ENDOKRIN

Modul 5 The typical arrangment of negative feedback in the regulation of a

Hypothalamus-Pituitary- target gland axis

...... sl o

ot e ST IR S

\

,

—yo”

et Tropic Hormone
 AnteriorPitultary
%
1 g
Kay ) ; Taég& Gland
4 Trick Inos - simulation i
Dotted fings - inhibition ' . j
{ RH - redeasing hormons Target Gland
: {4 « inhid¥ing hormone
Exercise :

=

Lony loop
feadback

Hénnme of
target gland

1. Name the relevant hormones involved in the feedback loop for each of the target

glands under anterior pituitary control.

2. There are some execption to this pattern. For example with some hormones the
long loop feedback becomes positive feedback under certain circumstances. Can

you think of these hormones and the circumstances?
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Modul 6 Neural and endocrine interrelation

External
stimuli

7 %

Psychic
stimuli

Adrenal

v

nervous

system

Homeostatic
mechanisms

I

e ——

e — .

Autonomic Somatic
nervous
sz‘stexn

Metabolism

medulla
e Vv — Y - —Y—7Y-- Ye—"V—Y
Influence
, Growth
Nutrition Circulation maturation
salt and water ; \
Body temperature balance Reproduction




SISTEM ENDOKRIN
Modul 7 Regulation of growth hormone secretion

i ] Glucose
Major regulatory | - .
pathways Hypothalamus Free Fatly Acids
| Amino Acids
| ! { '
1
Somatfstatln GHRH — — —x
4 ;
Somatomedin Anterior
Pituitary T
Stimulation l :
— — — Inhibition Growth "°'m°“e Somalomedin

!
!
Y ‘ Liver -1

Factor influencing growth hormone secretion

Stimulated by Inhibited by

GHRH Somatostatin
Hypoglyceamia Hyperglycaemia
Reduction in free fatty acids Excess free fatty acids
Rise in amino acids (arginine) Somatomedians
Fasting Growth hormone
Starvation Beta adrenergic agonists
Stage IV sleep Exercise Cortisol

Stress : Ageing

Puberty Obesity

Qestrogens Pregnancy
Andorgens

Dopamine

Acetylcholline

Seroionin

Alpha adrenergic agonists

Gammaam ino butyric acid
Encephalins
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Modul 8 Patterns of growth hormone secretion

Lifetime pattern
Puberty

Childhood -
Adult life

Birth “\. Senescence.

Age

A

Daily pattern

0No1 hrs 2400 hre



SISTEM ENDOKRIN
Modul 9 Mechanism of growth hormone action

. One GH molecules binds to two
adjacent receptors

. This causes dimerzation of two
receptors

This result in ativation of the
receptors which in tum activate
tyrosine kinase

Cytoplasmic -« 3.
Tyrosine Kinase

Phosphorylation of 4. The next step is
substrates phosphorylation of substrates

v

Activationof o 5 This re.sul.t in activation of
transcription factors transcription factors

Modulation of — 6. These factors modulate target
gene expression genes eg IGF gene



Actions of growth hormone

G.I'I \
l Muscle

1*’.Acl(i:"glmsrf) sTeisstigk . Liver : Glucose uptake
uc u . i i
% Liootrsis & RIA synthesis 4 Amino acid uptake
k Lipolysis & Protein synthesis  Protein synthesis
(Rdfi:sult': decreased . A Glucone Z;enesis (Result : increase lean
adiposity) A IGFs body mass)
A IGFBPs
Bone,heart,lung 4 Chondr
( and most othr organs) IGF ondrocytes

4 Amino acids uptake and protein
Synthesis

4 Drotein synthesis
A RNA synthesis 4 RNA and DNA synthesis
4 DNA synthests Collagen

' 4 Chondrotin sulphate

Cell size and number
(Result : incrgase organ size
and function )

‘.‘Cell size and number
(Result : increase linear growth)
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Modul 10 Regulation of Antidiuretic hormone secretion and thirst

Aortic and
carolid barg-
receplors

e | O5M0TECEPlOrs g

Angeotensin Il

f—-———-—."
1 | Nicotine,
opiods,
stress,
oestrogen,
progesterone, — — — =
increased
body

!
|
4 :
tempreature { Renal water ] ] [ Drinking }
|
|
I
|

4

N reabsorption

Alcohol,
decreased boﬂ;f
temperature

Osmolality |{ Volume l
\'\““ _ “—— _

The major regulatory mechanisms are in thick lines
Thin lines show regulatory mechanisms that are of second importance
Dotted lines are incidental factors that influence the ADH secretion ( not important for day to

day regulation) , s o
Whether each factors/parameter stimulates or inhibits the subsequent factors is not indicated

in this chart
Can you determine the type of influence ( stimulatory or inhibitory) at each arrow

. —
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