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(a) Crayfish
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(a) Parasympathetic stimulation via vagus nerve
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(b) Sympathetic stimulation
Action potential
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(a) Skeletal muscle
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(b) Cardiac muscle
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(a) Electrocardiogram
P = Atrial
depolarization

Q,R,S = Ventricular
depolarization

T = Ventricular
repolarization
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Table 5.1 Components of the ECG & Typical Lead II Values*

ECG Duration Amplitide
COMPOMENT feasurement area... Represent... (seconds) (miliivoits)
P begin and end on isoelectric depalarzation of the Aght and eft atria. 07 —-0.18 | =023

line (baseling); normally
upright in standard limb leads
wn | QRS begin and end on isoelectric depolanzation of the ight and left ventricles. 00s-0.12 | 010-1.50
& complex line (paseling) fram start of Q| Atrial repolarization is also part of this
E wave to end of 5 owanve segment, but the electrical signal for atrial
repolanzation is masked by the larger LES
cormplex (see Fig 3.2)
T begin and end on isoelectrc repolarization of the right and left wentricles. 010-023 | =045
line (baseling)
P-R fram start of P wave to start time from the onset of atrial depolarization to 0.12-0.20
of QRS complesx the onset of wventricular depolarzation.
2| a-T from start of QRS complex to | time from onset of ventricular depolarization 0.32-0.36
g end of T wave to the end of wentricular repol ariz ation. 1t
] represents the refractory period of the
b= :
= VERtricles.
R-R from peak of B wave to peak | time between bwo successive ventricular 050
of succeeding B wave depolarizations.
P-R from end of P wave to start of | time of impulse conduction from the AW node 002 —
" QRS complesx to the wentricular myocardium . 010
E S-T between end of 5 wawve and pedod of time representing the early part of = 020
£ start of T wawe wvertricular repolarization during which
E‘ WVERLHCIES are maore or 1ess uniformly excited.
TF from end of Twave to start of | time from the end of wventricular repolarization 00 -040 V
SUCCESSivVE P o ave to the onset of atrial depolarization. A




(b) Cardiac action potentials
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(a) Frank-Starling mechanism in frog heart
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(a) Changes in pressure and volume during heartbeat
Right side of heart
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(b) Sequence of events in heartbeat

Left
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Right
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Right ——ventricle
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(1) Mid-diastole (2) Atrial contraction

(3) Isometric (4)Ventricular (5)Isometric
ventricular ejection ventricular
contraction relaxation
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Atrial contraction Pericardium

Ventricle Pericardioperitoneal
Ventral Conus p

aorta

Atrium Pericardial venosus
Ventricular contraction cavity

Conal contraction



(a) Water-breathing teleost
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(b) Air-breathing teleost
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(a) Diastole
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(b) Systole
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(a) Diastole
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4‘. THE AORTIC ARCHES

The first pair of aortic arches is formed by the curving of the ventral aorta into the
primitive dorsal aorta. This arch is hidden in the mandibular arch and participates in
formation of the maxillary artery, and contribute to the external carotid artery

The second pair of aortic arches make their appearance in the middle of week 4. Thex
cross the second branchial arches and give rise to the stapedial and hyoid arteries. (It
should be noted that arches I and II regress rapidly and are not seen after day 31)

The third pair of aortic arches make their appearance at the end of week 4. They give
rise to the common carotids and proximal portions of the internal carotid arteries. The
latter are the short cephalic prolongations of the primitive dorsal aortas and are associ-
ated with development and supply of the brain

. THE INTERNAL CAROTID ARTERIES are secondarily attached to the cranial portions of the

dorsal aortas, which form the remainder of the carotid artery

. THE ORIGIN OF THE EXTERNAL CAROTID ARTERIES is controversial, but in later stages of

development, they are found to sprout from aortic arch IT1. (Arch I, however, has been
implicated in its developmental contribution)

The fourth pair of aortic arches make their appearance shortly after the third arches, at
the end of week 4. Their development is different for the right and left sides

. ON THE RIGHT SIDE arch IV forms the proximal portion of the right subclavian artery

and is continuous with the seventh segmental artery

1. The caudal portion of the right primitive dorsal aorta disappears

2. The distal portion of the subclavian artery forms from the right dorsal aorta and the
right seventh intersegmental artery

. ON THE LEFT SIDE arch [V persists as the arch of the aorta, which grows significantly and

is continuous with the primitive left dorsal aorta.
1. The left subclavian artery (or seventh segmental) arises directly from the aorta

. THE sHORT PoORTION of the right primitive ventral aorta, which persists between arches

1V and VI, forms the brachiocephalic arterial trunk and the first portion of the aortic arch

The fifth pair of aortic arches: in 50% of embryos, these arches are rudimentary vessels
that degenerate with no derivatives. In fact, they may never even develop

The sixth pair of aortic arches make their appearance in the middle of week 5 and give
rise to the right and left pulmonary arteries. After pulmonary vascularization is estab-
lished, the communication with the corresponding primitive dorsal aorta regresses

. REGRESSION is total and complete on the right side. The proximal portion of the right

arch forms the proximal part of right pulmonary artery; its distal portion degenerates

. THE PROXIMAL PORTION OF THE LEFT ARCH persists as the proximal part of the left

pulmonary artery

1. The distal portion of the left arch, in which communication persists with the dorsal
aorta until birth, forms the ductus arteriosus and diverts blood from the pulmonary
artery to the aorta. Closure of the ductus arteriosus takes place in the neonatal
period, and the functional duct becomes the anatomic ligamentum arteriosum

. THE DISTAL PORTIONS OF THE PULMONARY ARTERIES are derived from buds of the sixth

aortic arches that grow into the developing lungs. After partitioning of the truncus
arteriosus, the pulmonary arteries arise from the pulmonary trunk

Summary of the aortic arches: arch 1 regresses; arch II regresses; arch III forms the
carotid system; arch IV forms the aortic arch (on the left) and the subclavian (on the
right); arch V disappears; and arch VI forms the pulmonary arteries and the ductus
arteriosus (on the left)

-324-



DEVELOPING ARTERIES IN HEAD
REGION OF EARLY EMBRYO L

Dorsal aorta Basilar a.

Post. cerebral a.

Subclavian a..
Truncus arteriosus
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Ant. cerebral a.

Int. carotid a.
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1
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(a) Continous laminar flow
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