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perfusion increases from apex to base also ventilation increase
from apexto base

perfusion increase five(s) time more than in base than apex while
ventilation increase two(2) time

this mean that is more perfusion in base than ventilation because
of this to the ratio ventilation/perfusion with be higher in apex
than base

perfusion/ventilation ratio increase from base to apex this mean
that the ratio will be higher than one at apex alveoli and will be
less than one at base because ventilation too high while perfusion
low here,while in base perfusion is too hig compare ventilation
this is mean that the alveoli in base highly ventilation.
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hydrostatic pressurelic ugSuapex (ablio (59
in pulmonary arteries or cappillary
this pressure(hydrostatic) is less than base pressure
*zone 1(apex) there is negativity affect the
position(no perfusion)so the ratio very high
*Remember:
zone 1:apex
zone2:other portion (perfusion is intermediate)
zone3: base



Physiological Importance of VA/Q ratio
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In zone1(apex):P/V ratio more than one ,this mean more
ventilation in apex and the arterial oxygen =130(partial
pressure of O2 in arteries blood )so good oxygen
supplement to blood, good Co2 removement (Co2=28)
Joli Sxc)lo g 140 OIS JoVU g
130 sJl w8 elap) ashhinll sSlp, ST wljlell

# In zone3(base):P/V ratio less than one, this mean more
perfusion in base and the partial pressure of O2 less than

Coo2.

#overall P/V=0.8 (alolS aj,l))



REGULATION AND CONTROL
OF BREATHING



REGULATION AND CONTROL OF

BREATHING

Basic elements of the
respiratory control
system are:
strategically placed
Sensors .
central controller

Lung stretch receptors
Central and peripheral
chemoreceptor

PaCO2, PO2 and
arterial pH

respiratory muscles.

Pulmonary
ventilation

Higher centers (cerebral
cortex, hypothalamus

|_Pons |

Dorsal respiratory

neurons Central
respiratory
rhythm

Ventral generator

Respiratory
neurons

Lower respiratory
[T1OLOT 1€ Of ]

Phrenic and
intercostal nerves
Respiratory muscles
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regulated and control of breathing are important
to maintain partial pressure of O2 and Co2 within
normal range and to requlate freqancy and depth
of breathing.

regulation of our breathing can whithin 2 part:
1-involuntary compensatory mechanism: you are
controlling because artifactation it involuntary
but your stretching it involuntary where is know
everyone different in all circumstansis including
siting when you are sitting this involuntary.



2-voluntary : when you are talking,singing
swimming and holding of breath.

we have free main element of component of
control system that reqgulate our breating
,these 3 basic element are stratigitcaly place
sensor to there sensor and these sensor could
be chemeical and mechanical sensor.
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1- chemical sensor can affect with any change
in blood chemistry,eq:0O2and N
concentration,Po2 and Pco2. these sensor is
located in stratigic places such as :camotid
and oratic arteries.

2- mechanical sensor that can be taken of
there is more extension of the lung or there is
more inflation or more defltion .these sensor
is central controler is located in central
respiratory center to requlate respiration
depth nd fregancy (increase or decrease)
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chemo receptor divide to 2 subtype:
1-central chemo receptor that are located in
the oblingata in brain stem .
2-peripheral chem receptor that are located
periphery in camotid and oratic arteries .
* machanical receptor (stretch receptor) have
controlling center located either in high brain
cortex,in limbic system or hypothalamas and
these center regulate voluntary baro respirtion
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we have center in brain stem and these
centers requlate involuntary artification
epthalamic,one requlate cyclic ,one of these
center located in brain stem in two areas in
the bones and it also there is too center look
about these to center and also we have to
agingation of the neuron that regulate the
involuntary respiration ,these respiratory
neuron and peripherial respiratory neuron,
so these are second major component



wa have respiratory muscles, they found in costal ,scalenes,
sternocleidomastoid and other of main and accessory muscle.
> M aoow )l M) 8>

efferent(motor neuron) which mean signal transmits from
efferent to lower respiratory neuron in spinal cord .

we have motor neuron in spinal cord from these motor neuron
these nerves phrenic and intercostal are orginated then air
expansion or disexpansion occur.

o] ade iUy oozl puai oS sl Whhasiadl (s
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Po2,PCo2,Ph andH +concentration.



AFFERENT IMPULSES TO

RESPIRATORY CENTERS

HIGHER CONTROL

Cerebral
Hypothalamus cortex
and limbic system
CHEMICAL NON-CHEMICAL
CONTROL CONTROL
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centres B —
PeripheralK j B |
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-~ Pulmonary
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receptor or afferent divides to 2 type:

1-chemical .

2-non-chemical.

*baro receptor : mostly requlate blood pressure rather than
respiration or some of them crosstoc whatever so changes in there
receptor also changes respiration alittle bit.

proreceptor :that stimulate by change in body movment ,these
receptor mtly located in muscle and joint area.

therma ,pain,irritant and chest wall receptor: located mostly on
conducting zone ,bronci and bronchioles

pulmonary stretch receptor and central prephrial chemo receptor



CENTRALCONTROLLER

Neural control mechanisms of breathing include:
* Involuntary control system of respiration in brain stem
are:
*Medullary respiratory centers
*Pons respiratory centers
*Respiratory motor neurons
=Cervical Motor Neurons (C3-Cps)
*Phrenic nerves
*Diaphragm
*Thoracic Motor Neurons(T1-T11)
*Intercostal nerves.
"Intercostal muscles and the
accessory muscles.
=Reticular spinal tract

*Voluntary control system of respiration is located in the
cerebral cortex
*Respiratory motor neurons
=Cervical Motor Neurons (C3-Cg).
=Corticospinal tract

Respiratory
control
centers in
brain stem

Pons
respiratory
centers

X
2
Pneumotaxic center | §
Apneustic center =
Pre-Botzinger
complex
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Dorsal respiratory
group /

Ventral respiratory Medulla
group
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central control of respiration system is involuntary control located
in brain stem ,while voluntary control located in cerebral cortex.
involuntary :
1-medullary respiratory center :this is dorsal and ventral
respiratory group ,responsable for otomatic,rythmic respiration
followed expiration but some type this process effect was taking
alone ,the breath will be slow and irregular, so the intiation of
rythmic breathing and cyclic is intiated in dorsal group via pre-
botzinger complex this complex represences the place activity of
respiration .

* silent ugSiuquiet > (sdqforced expiration a9 d,g95ventral
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signal that intiation in medullary respiratory
center is tnsmitted to spinal cord through
reticular spinal tract *(tract=connection of
nerve{axons}) particulary to neurons known
as lower respiratory motor neurons.

2-pons respiratory center: wa have Apneustic
and pneumotaxic center ,these center that
regulate breath where action of these center
they inhibit or stimulate there action.
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respiratopy motor neuron located in spinal
cord in two region:

1-cervical region (C3-Cg) :from these two
nerves are orginated from motor neuron
located in cervical area in C3-Cs, while the
intercostal neuron it is also orginated from
respiratory motor neuron ( | Sloy L
respiratory motor neuron located in thoracic
area consist of two motor neuron)

these consist signals from medullary and
cortex.
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in cotex no connection between higher control center with resp center in brain stem(the
signals that are coming from the higher resp center bypass medullary resp center.
CsynapsiscSiue yuas (49
synapsis with motor Sixc oy
ayl>signal audgholding the breath Joss boJ from cerebral fromcortex high brain center

signal from medullary au.9g
synapsis with motor neuron located lglosiloaMS

in spinal cord also with crvical region or thoracic region

*which one over right to another?

when you are open your breath involuntary mechanism overright voluntary

el
Y Sl e S5 aes a8,.8s dawed s puaSiu ol

=i )9 sJl chemical receptor JJstimulation Josiu 0idgCo2w o5b; ,lo

Sl uaisss ol JWlginvoluntary over right voluntary  sJUWdinvoluntary process
(involuntary)



Medullary respiratory center

Cortex
INSPIRATORY AREA

Pneumotaxic ACTIVE INACTIVE
centre neurons
Apneustic 12 seconds 3 seconds
centre ‘
\\ + v +
! 2phrag Dsaphragm relaxes

Medull —= 5 + - Diaphragm e hpn abrerndet
Medullary Integrator = actively contracts loliowed by elastic recod
inhibitory — > NEUPGRS el of chest wall and lungs
neurons & -

| Vagal afferents !

f stretch receptors |
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J
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Q O a / ‘ Normal quiet inspiration Normal guiet expirabion
— + |[of |
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10S rk___,, (a) During normal quiet breathing
neurons neurons Respiratory muscles > -
The neurons of DRG are of three types: =The DRG discharges rhythmically.
Inspiratory neurons (1) *The signals are not instantaneous.
Inspiratory off-switch (I0S) neurons However, these signals are ramp

Integrator neurons. signals.



signals that are orginated from the higher
brain center that are located in cortex

why that these center and they do synapsis
with respiratory motor neuron only located

in cervical? because the diaPhragm alaz)
A MJI( respiration) yuwsaid! e algg |

dorsal res

0 group has three type of cells:

1-(l) cells or neuron or inspiratory neuron,so

any stimu

ation of these cell cause inspiration

oleli JSoiu waxs expiration
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when stimulation to these cel
transmitted to motor neuron

s ,signal
ocated in spinal

cord then phrenic transmittec

to diaphragm

cause expansion and change in pressure then

inhalation occur.
contamination w9gisignal 0l spis

sudden inhalation

. wulals JSoaw expiration (susy slacW <l jas sJllg
* sJldlg actine inspiration Lie wgSuforced expiration all=

. activation ventral group eJ
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2-10S neuron : which is inspiratory switcg off neuron ,so this
switch inspiration there is off inspiration

expiration juas (A a0 A=dinspiratione (susy

|OS inhibit | neuron,so they terminate inspiration .

3- Integretor neuron .

pons center regulate | neuron through pnemotaxic and
apneustic centers.

|0S neuron are regulated by signals coming from pons resp
center (apneustic and pneumotaxic center) bot indirectly
becaues these affect on integretor neuron which is doing
synapsis with [0S
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integretor neuron stimulate IOS so I neuron is
inhibited (inhibit inspirtion)

integretor is stimulated by:

1-vagal afferent:  expansion gstretching Sxic juas breathing juas loJ
Sic stretch receptor at lung tissue J o= jar Jldlg aiuso a>,1J

and these receptor transmitted signals via vagal afferent to integretor neuron

and stimulated these neuron.

stimulate integretor......stimulate 10S......... inhibit | neuron (termination of

inspiration)

2-pneumotaxic neuron : positively affect (result shallow and fast breathing)

3- I neuron : regulate itself (send positive signal to integretor)

integretor is inhibited by apneustic center(no
stimulation of |OS lead to apneusis ( g

apneustic is inhibited by : pneumotaxic and vagal

stimulation
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stimulation of | neuron leads to inspiration( dorsal

resp

group) and rythemic involuntary respiration,

but this repiration or signals aren’t instantaneous
(isnt any media signals mean >these signals are

ram
wea
reac

0 signals>
< signal increases for 2 second then they

n specific point at which there is ceastion of

these signal and there is drop to zero again for 3
second= respiration(ramp signals).

these process is regulated by pneumotaxic in
normal breathing and sometime by vagal nerve



Ventral respiratory center

Activar

4]

S

INSPIRATORY AREA —» EXPIRATORY AREA

ACTIVE 1
Diaphragm, extiema Intemal intercostal
intercostial, and abcommnmal
stemocieicomasiosd, muscies contract

pectorahis manor, and
scalene mauscises
coOntracst

'

Forceful inspiration Forceful expiration

(b} Durnng iabored breathing



PONS RESPIRATORY CENTRES

Pneumotaxic center (upper pons)

eSends continual inhibitory
impulses to DRG of the medulla
oblongata,

*As impulse frequency rises,
breathe faster and shallower

*Strong pneumotaxic stimulation
can increase the rate of breathing
to 30-40 breaths/min and

*Weak pneuomotaxic stimulation
can decrease the breathing rate to
3-5 breaths/min

Apneustic center (lower pons)

eStimulatory signals to DRG resulting in a deeper
and more prolonged inspiratory effort termed as
apneusis.

Pneumotaxic center

1
i
7

Vagal afferents
stretch receptors

||| //
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10S I |r =
ROUTONS OWONS Respiratory muscles

Fourth ventricle il
7
J ——— ? Apneustic center
Dorsal respiratory :
: s Ventral respiratory
group (inspiration) group (expiration
and inspiration)
Vagus and
glossopharyngeal —+——————— Respiratory motor
pathways
Cortex
Pneumotaxic
centre neurons
Apneustic
centre \ +
Medullary Integrator
inhibitory — neurons
neurons
+ +
|
|




pneumotaxic inhibits apneustic center ( o I3l

apneusis Lic jua) il waxy)

)i b oozl Y puwu=dU wgs ) S auST ol 8505 (Jl SoU Lisg

Pzl GazxewSVI aldg (oiuwo (Gapis &> (89 () 195 Jos
LMl wgo (Jl sl (sJldlg

pneumotaxic center sends inhibitory
impulses so it is inhibit dorsal resp

group.(shallow rapid breathing)



Experimental Observations

/
) | Level 3

Nucleus parabrachialis l
Level 2

(pneumotaxic centre)

Level 1

Apneustic centre .

Dorsal group of neurons

Ventral group of neurons




¢“damage in part 1,lo ¢ o= I5o
involuntary quiet breathing without pons
center(slow breathing)
damage in part2?
*pneumotaaxic is not found but apneustic is
found (apneusis).... clasvagus Ll Loyl Jlsy wga



RESPIRATORY MUSCLES

Muscles of inspiration

Accessory Quiet breathing

Sternocleidomastoid —
{elevates stermmum)

Scalenes Group —
{elevate upper ribs)

Expiration results from
passive, elastic recoil
of the lungs, dib cage
and diaphragm

Not shown:
Pectoralis minor

Principal - Active breathing
External intercostals \lnhema! htaemostalsi
Interchondral part of —— except interchond
internal intercostals part (pull ribs down)
(al” mﬁ}< Abdominals

&5 7 (pull ribs down;
ds. thus " compress abdominal
lncreasing vertical contents thus pushing
dimension of thorac dhphragm up)
cavity; also elevates
lower ribs) Note shown:
Quadraus lumborum
(pulls ribs down)

Sudden infant death syndrome



resp muscle act at coordination way ,this
cordination fasion is absent in newborn baby
because they are not fully match so this lead
to miss cordination between muscle so they
cant act efficently (sudden infant death)

59 lias,all bloul 898, &Jyo , 3 0l , oo
..... Ly b puwad wlgsl Lpds sl a8



SENSORS

Lung stretch receptors.

Mechanoreceptors are » Inspiration
present in the smooth nhibition
muscle of the airways.

When stimulated by inhibition of DGN 18] ypime
distention of the lungs more than 1,000 mL
and airways,
mechanoreceptors
!nltlate a.reflex decrease impulses through e
in breathing rate called vagal afferents tretching of lungs
the Hering-Breuer
(inflation) reflex. The \ s
imulation 0
reflex c.Iecreases stretch receptors
breathing rate by in air passage

prolonging expiratory
time.



hering breuer reflex:not very active in adult

(expressed patyway in infant)

gwgi Josy Bupuidl 138 sap v bic yuny Lo
tidalvolume froms500 t0 1000 1,3 s 4L as sle
and the stretch receptor that are located at lung tissu
will be stimulated by this mechanical change and the
signals will be transmited through vagal affwrwnt

neuron to dorsal resp group =( inhibition of
Inspiration)



SENSORS

2.CHEMORECEPTORS:

are the sensory nerve endings, which are highly sensitive
to changes in pCO2, pO2 and pH of blood. These are of two

types:

Peripheral chemoreceptors
Central chemoreceptors



Peripheral Chemoreceptors

Medulli=

Slossopharyngeal mnaeree

WAagus nenee

Carotid bodhy

Scortic bodies

7 - if arterial PO2 is less than 60
& - L 40 800 - mm Hg, the carotid body nerve
51 S 2 E coo |mpulses increase in a steep and
5. L oo = = 3 linear fashion.
s — S 2 400 -
== S = 2
g = - - 20 T_:‘: -.g E_ 200 —
= L= o E
B 9 - — PO, = '_
= — henmtilaticomn 0 T T T T ']
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150 140 120 100 S0 S0 40 20 O Arterial Po, (mm Hg)

Arterial PO, (rmrm Hegg)



:douw | &, peripheral that
are located in two ares at carotid
arteries and tis location known
as carotid bodies and also at
aortic bodies also known as
aortic bodies

these 2 chemoreceptor highly
sensitve for changesin arterial
Po2 mostly when become less
than 60,H+ that are indepedant
on PCo2 which mean H+ that is
indepedant on PCo2.

PCo2.s9 850 ,lo 15l (susy

H+ 9 6505 ad juay
resp acidosisldgouw Sldg

and the chempreceptor
espically central they
detect H+ that generated
from metabolic acidosis



in right picture:
reduction in arterial
Po2 to 60 and beyond
there is linear and
steep increase in
inflation in arterial

why at 60 specially?
bufferingld ooy a

Jios CL]o.o.aJ| S ¢ Vs

o) year SJWL ool (58
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Central Chemoreceptors

The central chemoreceptors

o located in the medulla, only a
short distance from the DRG.

o highly sensitive to changes in
blood PCO2 or [H+] in CSF.
However, not affected direaly by
[CO2].

o when [CO2] 1 in blood—> 1 in CSF
—>C0O2+H20 Carbonic acid
bicarbonate + H+

CENTRAL CHEMORECEPTORS

Capilery 0, 4 o £ > 0, . > H+ HCOy

0

Blood-brain
/ barrier

Inspiratory
Gentral @
Medula 0, chemoreceptors | = (cggtg;

.

& 0, + HO s Wty 5 W+ o0 N\ B CSF
barner

The buffering capacity of CSF is lower



central chemoreceptor is directly and highly

sensative for changes in H+ associated with

more Co2 production and accumulation

o< o,lie gdgcapillaries inCNS ¢ o,lic Cbo._uu).” C )
blood brain barrier(BBB) is impearable to H+
then this receptor doesnt respond to arterial H+
but respond to H+ which generated by Co2 in

nervous system :

€ 2955 & umo wahidl (59 039=>g0llH+05L) daic o (susy
.BBB izl gidoiswuw o asVmedulla oplingata in brain (slc



penetration of Co2 ,uas &,PCo2 59 05L; ,lo 5] Sdg
from capillaries to interstatial fluid then cerebral spinal fluid
so H+ producing from increasing Co2 can pass through brain
cerebral spinal fluid barrier and activate central chemoreceptor

buffering capacity of cerebro spinal fluid is very very low
compared with the buffering capacity of arterial blood .

oo LiSedi sl wlynall &ag; 389 VI cllse o8 lod> alll gy V
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