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Metabolic disorders, may be classed as illness
assoclated with a failure in one of the body hormone or
enzyme systems, storage disease related to lack of
metabolism of secretory products because of the lack
of ‘production--of-a-specific enzyme, or the failure or
reduced activity of some metabolic function.
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The primary function of the respiratory system

-1 Gas exchange
. Maintaining a constant body temperature in birds
] Phonation

-



Respiratory Tract

Parameter Amount

Air sac gases (mmHg)

Co, mean partial pressure Abdominal 15
Clavicular 44
Thoracic
Caudal 24
Cranial 42

O, mean partial pressure Abdominal 130
Clavicular 84
Thoracic
Caudal 102
Cranial 99

Exchenge surface area 14 cm?/g/body weight

Expaired gases (mmHg)
Co, partial pressure 28
o, partial pressure 108

Oxygen uptake 24-26 (ml/kg/min)
Pulmonary ventilation rate (Vg) 0.5-0.7 (I/min)

Respiratory frequency (fz) 12-21 (breaths/min)

20-37 (breaths/min)

Volume of respiratory tract (ml)

+0 Oy

Abdominal sacs, paired 180

110

Clavicular sac 95

55

Cervical sacs 30

20

Lungs, paired 70

35

Thoracic caudal sacs, paired 30

24

Thoracic cranial sacs, paired 90

50

Total 500

300
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Anatomy of the avian respiratory system

I. ~ Small lungs which do not change volume during breathing.

Birds total volume of respiratory system is larger than mammals (15 vs 7% of body volume).

I. Avian lung itself is smaller (1 to 3% of body volume) than mammals.

[
Iv. In contrast to mammals (subatmospheric pressure), the avian thoracic cavity is essentially
atmospheric pressure.

v. In contrast to mammals, the avian trachea is 2.7 (times) longer and 1.3 wider, so the dead air
volume is more (4 to 4.5).

vi.  There is no diaphragm.
vii. The air sacs act as bellows, drawing in air through the lungs and expelling the stale air.

viii. The airflow through the lungs is one way, there are no blind-ended sacs as in mammals so
consequently there is no ebb and flow of air through the lungs, it is continuous.

IX. Inavian, 25 % of lungs volume occupied by ribs
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Trachea

Most birds have 9 air sacs: Syrinx _
One interclavicular sac \ Inte:.;:a;;::ular
two cervical sacs

7

two anterior thoracic sacs - >
two posterior thoracic sacs Yy &

two abdominal sacs :
Pneumatic

Anterior, humerus
posterior Lung
thoracic

air sacs

Abdominal air sacs



Nostril

Turbinate in nasal cavity

Choana
d _ — X Infraorbital sinus

Opening for air sacs

Traches Anterior thoracic
Abdominal
Primary bronchus Posterior
thoracic

Lung



| Head of

. humerus

\ Ventral
tubercle

Pneumatic &= _
foramen [

The head of the humerus — detailing the pneumatic foramen that channels the diverticulum of the
intraclavicular airsac
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Intraclavicular Sac

Cervical Alr Sac

7

Abdorminal Alr Sac Posterior Thoracic Air Sac Lung Bronchi ' )

Syrinx Trachea

Sketch of the position of the airsacs



Air Sacs

Cervical

Parabronchial Lung Clavicular

Cranial Thoracic

Caudal Thoracic

Abdominal

Respiratory system of a pigeon consisting of the para-
bronchial lung and air sacs.
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minal airsacs

Artificially expanded
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The breathing cycle is basically:

First inhalation

First exhalation
Second inhalation

Second exhalation

1st Inhalation

air sacs.

forward airsacs.

1st Exhalation

2nd Inhalation

2nd Exhalation

Abdominal expansion draws air through to the rear

Abdomen contracts forcing air through the lungs.
Abdomen expands again, forcing air in lungs into

Abdomen contracts driving stale air out of trachea.

3rd Inhalation

/Mouth /lNostrils\

Trachea
Syrinx
Mesobronchi

Abdominal
Airsacs

&Posterior Airsacs/

Air moves to

=%
Dorsobronchi
Ventrobronchi
Parabronchi
7

==
b Anterior Airsacs l
— i

Air moves to

/Mouth I'Nostrils \

Trachea
Syrink
Mesobronchi

Abdominal
Alirsacs

KPosterior Airsa csj

Air moves to

Airflow D uring Respiration in Poultry

Air moves to

L'\/

Dorsobronchi
Ventrobronchi
Parabronchi
.

o=

Krvbuth /'Nostrits \

Trachea
Syrinx
Mesobronchi
Abdominal

Airsacs
Posterior Airsacs)

;[ Anterior Airsacs j

Primary Bronchi\
Syrinx

Trachea

Mouth / Nostrils _/
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PARABRONCHI

CAUDAL PALEOPULMONIC
AIR SACS

NEOPULMONIC

CRANIAL
AIR SACS

INSPIRATION EXPIRATION

Pathway of airflow in the avian respiratory system during inspiration and expiration. Flow in
paleopulmonic parabronchi is always caudal-to-cranial during both phases of breathing (large solid arrows)
but neopulmonic flow is bidirectional. Open arrows show possible ventilatory shunts.



Nasal cavity is well designed to
U Heat
O Humidify
Q Filter
the inspired air

The impact of poultry house pollutants on particulate clearance from the respiratory
system of birds remains largely unknown. However, any substance that reduces ciliary
motility or disrupts the ciliated epithelium could be expected to adversely affect the
resistance of birds to MICrOOrganisms that normally enter their bodies via the
respiratory system.



These observations may explain why,
O parabronchial macrophages are not usually seen in the avian lung
O caudal group of air sacs are those most prone to infections while the cranial group of air sacs are less often affected



(o s él

Brief Anatomy of the Avian Heart




Parameter Amount

Blood pressure (mmHgQ)
Bronchial artery 25
Common carotid artery 145
Diastolic & 150
= 130
Hepatic portal vein 5
Hepatic vein 1
Systolic & 160-180
= 130-160
Blood volume 70-90 (ml/kg)
Cardiac output 120-270 (ml/kg/min)
Circulating time 2-8 (9)

Heart rate 250-470 (beats/min)



Brief Anatomy of the Avian Heart

In birds, heart mass scales in respect to body mass
as M, = 0.014M."°!/(Bishop and Butler, 1995). In mam-

mals the relationship is|M, = 0.0058M, "**|(Prothero,
1979), where M, is heart mass and M}, body mass.
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(A) Heart mass as a percentage of body mass. (B) Heart
mass in grams, plotted against body mass (g) for 488 avian species,
including 25 species of hummingbird. Hummingbird data are repre-
sented by the filled triangles and dashed line: all other species are
represented by open circles and solid line. ( After Physiological model-
ling of oxygen consumption in birds during flight, C. M. Bishop and
P. J. Butler, J. Exp. Biol. 198, 2153-2163, 1995, © Springer-Verlag.)

Humming birds whose wings
move very quickly



* Avian A-V valve, which i1s merely a muscular flap unlike the complex
structure seen in mammals and so contraction of the heart causes not only
Increased pulmonary arterial pressure, but also back pressure to the venous

system and especially the liver.

*
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Thrombocytes

Microparticles
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Figure 6. Microparticle occlusion of pulmonary arterioles increases blood flow and shear stress through unoccluded channels, with the resulting
increase in shear stress activating endothelial NO synthase (eNOS) to produce the potent vasodilator NO as well as the putative eicosanoid
vasodilators prostacyclin (PGI,) and prostaglandin E, (PGE,). Entrapped microparticles activate monocytes and macrophages, triggering a cascade
of intracellular signaling events including the release of platelet-activating factor (PAF) and expression of inducible NO synthase (iNOS). Entrapped
microparticles and PAF stimulate thrombocytes to release the pulmonary vasoconstrictors thromboxane (TxA,) and serotonin [5-hydroxytryptamine
(5-HT)]. The iNOS enzyme produces copious quantities of NO and derivative reactive O*-N species [e.g., nitrite (NO5) and peroxynitrite (OONO"
)] that are nonspecifically cytotoxic. Nitric oxide relaxes pulmonary vascular smooth muscle, NO modulates (inhibits) PAF activation of thrombocytes
and the release of TxA, and 5-HT, and NO and PGI, inhibit platelet aggregation and the formation of obstructive microthrombi. Vascular remodeling

(hypertrophy, hyperplasia, and distal extension of pulmonary arteriole smooth muscle cells) is inhibited by NO (Tan et al., 2005), whereas 5-HT
stimulates vascular remodeling. cGMP = cyclic guanosine monophosphate (adapted from Wideman et al., 2004).
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Normal P-V Capacity = Normal PVR = PAP < 25 mmHg
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Anatomical decrease in P-V Capacity: Vasoactive decrease in P-V Capacity:
Reduced numbers of blood vessels; Acute or chronic reduction in the luminal
Inadequate size or growth of lungs; radius of primary resistance vessels.

High cardiac output.

The pulmonary vascular (P-V) capacity encompasses anatomical components such as the compliance (elasticity), volume, and cumulative
cross-sectional radius of the blood vessels, as well as functional components including vascular responsiveness to vasoactive mediators affecting
the tone maintained by the primary resistance vessels. Pulmonary arterial pressure (PAP) is (approximately) equal to the cardiac output (CO)
multiplied by the pulmonary vascular resistance (PVR). Resistance to flow through blood vessels is principally determined by the vessels” radius
(r*) rather than by length (L) or the viscosity of blood (7). Increases in PAP can be attributed to increases in CO, to anatomical inadequacies of
pulmonary vascular capacity (increased PVR), or excessive vasoconstriction (increased PVR; adapted from Wideman and Bottje, 1993).



B" Diffusion Limitation

#
4 -; causes Hypoxemia
PAP = CO x PVR * ]
pressure gradient=flow x resistance b )
Hypoxemia causes

t Blood Flow LTPR
to unoccluded lung > = > (systemic vasodilation)
1 1‘ RBC flow rate ‘
1 PAP if the vasculature 1 Blood Outflow to tissues
has low compliance from arterial reservoir causes
t Systemic Hypotension (l, MAP)

Clamp one pulmonary artery
(50% { P-V Capacity, 100% 1 PVR)
Forces all returning venous blood through
one lung (simulates large, rapid T CO)

When the pulmonary vasculature is relatively noncompliant and fully engorged with blood, then experimentally reducing the pulmonary
vascular (P-V) capacity by occluding 1 pulmonary artery doubles the pulmonary vascular resistance (PVR) and forces the right ventricle to double
the pulmonary arterial pressure (PAP) to propel the entire cardiac output (CO) through the unoccluded lung. The rapid (within minutes) onset
of systemic arterial hypoxemia (reduced partial pressure of O, on arterial blood) and hypercapnia (elevated partial pressure of CO, in arterial
blood) are attributable to the onset of a diffusion limitation that is revealed when erythrocytes [red blood cells (RBC)] are forced to flow too rapidly
past the pulmonary gas exchange surfaces to permit full blood-gas equilibration of O, and CO,. Hypoxemia dilates the systemic vascular resistance
vessels, reducing total peripheral resistance (TPR) and thus the mean systemic arterial pressure (MAP; adapted from Wideman, 2001).
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Factors influencing pulmonary arterial pressure
PH




Factors influencing pulmonary arterial pressure

/ 1- Increased pulmonary blood flow <

or cardiac output

2- Organic vascular obstruction J g
< C

3- pulmonary vasoconstriction

 B- Hypoxia <

- Megalocytosis
- Polycythemia

»
»

4- Increased pulmonary venous

»
»

pressure

( A- Metabolic rate (growth rate)

(-Altitude

- Ammonia, dust

- Carbon monoxide

-

A- Blockage of capillaries

-Young birds
- Diet sodium

- Erythrocyte flexibility

High altitude

Rarely seen in birds



Factors influencing pulmonary arterial pressure

{ A- Metabolic rate (growth rate)

/ 1- Increased pulmonarW' \@tude
—~c_aarvdine nitni it
[ 19% BM

3.4 Kg broiler consume 2500 liters O, 4 36% BM+Maintenance+Activity
| 64% Gain

J1etl SOUTu

TNFN

3.1 liters O, per gram protein gin

0.82 liters O, per gram fat gain

4- Increased pulmonary venous » Rarely seen in birds
pressure
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Erythropoiesis regulation during the
development of hopoxemia
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Control Healthy Ascites

i Blood (BV), plasma (PV). and packed cell
(PCV) volumes in control, healthy, and ascitic broilers,
presented as percentages of BW. For PCV and BV, ditfer-
ent letters and asterisks, respectively, designate signifi-
cant ditferences (P < 0.05): n = 10. For BV, 5EM = 1.57:
for PV, SEM = 1.35; and for PCV, SEM = 1.1.



Control and He-altlly Ascites
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Immature Mature

Blood smears from ascitic and nonascitic

chickens were stained by

the May Grinwald Gimsa

method. Immature erythrocytes were characterized by
large, rounded, and lightly stained nuclei, and resembled
polychromatic erythrocytes. Immature and mature eryth-
rocytes were counted in a total of 10 slides, with six

different regions in each.

Corticostrone accelerating erythrocetes proliferation

Ascitic birds showed Hypothyroidism

(T4 as a significant controller of erythrocyte diferentiation)
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Percentage of immature cells in the red blood
count (RBC). Immature and mature erythrocytes were
counted in a total of 10 blood smear slides, with six differ-
ent regions in each. Between columns, different letters
designate significant differences (P = 0.05).
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Hemoglobin content in blood cell count

(1,000} of healthy and ascitic broilers, represented as vari-
ance (%) from control. Between columns, different letters

designate significant differences (F = 0L05).



The development of mature peripheral red blood cells from
pluripotent stem cells in the bone marrow is a complex
process, regulated by several hormones.

® Erythropoietin
® Corticosterone
® Triindothyronine

® Growth factors
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High early CO, levels
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5°C decrease in ambient temperature

10% increase in maintenance O, need
2







Selection criteria im primary breeding flock




» Hb + O2

Diet NaCl






