Endocrine 
Claude Bernard originator of modern physiology
Homeostasis: remaining relative internal consistency, despite changing external environment
In a negative feedback loop, sensors send information to an integrating center (brain, spinal cord, endocrine glands). The integrating center uses this information to direct a response of an effector (muscles or glands). An increase or decrease of effector response helps maintain the set point of homeostasis. When the set point is reached, the sensors send information to the integrating center, which will cause the effector response to return to normal.
Antagonistic effector: can be described as a “push-pull” system where the increase in activity by one effector causes a decrease in activity by an antagonistic effector
Quantitative measurements are important to determine set points, averages, and deviations 
In a positive feedback loop, the action of the effectors amplifies the changes that stimulate the sensors. Examples include blood clotting, estrogen stimulating release of LH, and oxytocin stimulating contraction of the uterus during childbirth
Intrinsic regulatory mechanism is built into the organs being regulated and extrinsic regulatory mechanism is regulation of an organ by nervous or endocrine system
Chemical regulators that travel through the blood are hormones 
The target organ is the organ that can respond to the hormone

Endocrine glands secrete biologically active molecules called hormones and release these into the bloodstream
Hormones act on target cells that have the corresponding receptor proteins 
Hormones can be divided into 4 categories:
· Amines: derived from tyrosine or tryptophan 
· Polypeptides/Proteins: such as antidiuretic, growth hormone and insulin
· Glycoproteins: protein bound to 1+ carbohydrate groups such as LH and FSH
· Steroids: derived from cholesterol such as testosterone, cortisol, progesterone
Hydrophilic hormones bind to receptors on outside of cell and lipophilic hormones pass through cell membrane and bind to receptors inside the cell
Precursor molecules are long chains of prohormones and must be spliced before becoming active hormones
[bookmark: _GoBack]Inactive hormones that must change structure to be active are prehormones 
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Adrenal Glands
Medulla secretes catecholamine hormones  epinephrine
Cortex secretes steroid hormones  cortisol
Aldosterone is the most potent mineralocorticoid
· Produced in zona glomerulosa
· Stimulate retention of Na+ and excretion of K+
Cortisol is predominant glucocorticoid 
· Secreted in zona fasciculata
· Stimulated by ACTH
ACTH is from Proopiomelanocorticotropin (POMC)
HYPERcortisolism causes Cushing’s syndrome (primary) & Cushing’s disease (secondary)
HYPOcortisolism causes Addison’s disease
Cortisol peaks around wake-up and troughs around sleep time
· People with insomnia have a higher amount of cortisol being secreted around bed time
PPID (pituitary pars intermedia dysfunction) in horses cause hyperplasia and hypertrophy (extra and bigger cells)
Thyroid Glands
Secretes thyroxine and triiodothyronine (T3)
· Responsible for basal metabolic rate
Largest purely endocrine gland
Thyroglobulin is a protein made in the colloid, tyrosine rings with iodide attached make MIT (1 iodide) and DIT (2 iodide), form here T3 and T4 are formed
Use binding protein TBG to transport in bloodstream
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[image: ]Thyroid hormones peak between 10am-2pm
HYPOthyroidism can cause Cretinism
· Also, due to maternal hypothyroidism or iodine deficient diet
· Can be treated with thyroxine in first month
· Hypothyroidism will also see low levels of T3 and T4 
· Can also cause goiters
HYPERthyroidism can cause Grave’s disease
· Will see high levels of T3 and T4
· May have enlarged thyroid gland, exophthalmia
· Treatment includes radioactive iodine therapy

Somatotropic axis: Growth Hormones
GHRH = Somatostatin, GH = Somatotropin, IGFs = somatomedins
GH is the most abundant anterior pituitary hormone
· Protein, with a half-life of 6-20 minutes
· Several peaks a day, with the largest 1hr after sleep
Sleep, exercise, hypoglycemia, high dietary protein, and ghrelin have positive feedback and increase GH
Hyperglycemia, glucocorticoids, endocrine disrupters have negative feedback and decrease GH
GH increases everything except sensitivity of tissue to insulin
IGF only increases sensitivity of tissue to insulin and protein synthesis, decreases everything else
Deficiency in childhood = dwarfism, Over secretion in childhood = gigantism
Over secretion in adults = acromegaly
Tallest man = Bao Xishun, Shortest man = He Pingping, Smallest human = Jyoti Amge
Commercial applications include 30% milk yield, leaner meat, faster growth in cattle
Calcium and Phosphate Homeostasis
99% Ca2+ in bones as Hydroxyapatite, Ca10(PO4)6(OH)2
3 hormones regulate the movement of Ca
· PTH
· Calcitriol (vitamin D3)
· Calcitonin
· First two are most important
Parathyroid are nodules on the thyroid and are essential for life
PTH acts to raise blood Ca2+ levels when it starts to fall
Osteoblasts work to build the bone and uptake Ca from the blood
Osteoclasts work to dissolve the hydroxyapatite and return Ca to the blood
Vitamin D3 functions as a pre-hormone and needs to be activated
Calcitonin is made when blood Ca levels are too high 
· We also have other controls that help lower blood Ca levels
Vitamin D deficiency 
· Rickets in children
· Osteomalacia in adults
· Osteoporosis is most common disorder of the bone due to a decrease in bone density
Endocrine Control of Male & Female Reproduction
Male reproduction, LH and FSH act on Leydig and Seritoli cells
· LH acts on Leydig cells to produce testosterone
· FSH acts on Sertoli cells to produce sperm
Leydig and Sertoli cells are in the seminiferous tubules
Excess testosterone sends negative feedback and shuts down production of sperm and testosterone
· Decrease fertility and libido
· Lead to study on male birth control
Female reproduction, LH and FSH act on the ovaries
Ovarian cycle regulated by LH and FSH
Uterine (Menstrual) cycle regulated by estrogen and progesterone
LH and FSH peak around ovulation phase, estrogen peaks around ovulation phase
· Body temperature sharply rises around ovulation due to LH peak
Progesterone and estrogen peak again around the late luteal phase and get ready for menstrual cycle
Melancortinin System
Down the POMC pathway
a-MSH plays a role in pigmentation of Agouti mice
Dominant mutation of MC1R protein changes coat colour to black
Red hair in humans is due to a recessive mutation of MC1R protein
PT-141 is an a-MSH analogue
· Binds to MC3R, and this protein is still active
· New type erectile dysfunction treatment delivered by nasal spray
· PT-141 targets the brain in the region that regulates sexual response
· Female sex drive increases as well
Renal
Hypothalamic Control of Water
ADH stored in posterior pituitary
· Helps increase reabsorption of water in kidneys
· Help control osmolality
· Thickness or concentration of electrolytes
ADH levels rise at night
· Deficiency in childhood leads to bed-wetting
2/3 are intercellular, 1/3 extracellular
Rule of 3’s
· 3 minutes without air
· 3 hours in harsh conditions without shelter
· 3 days without water
· 3 weeks without food
Arabian Camel
· In desert
· Lipid in hump provides metabolic water
· Hydrated= thermoregulates by panting
· Dehydrated= ceases to pant
Kangaroo rat
· Does not drink any water
· Obtain water from food
· Live underground
· Nocturnal
· Dry feces
Marine animals
· No access to fresh water
· Seawater 3.5% dissolved salts by weight
· Obtain water from food (Krill, fish, etc)
· Produce very concentrated urine
Grizzly bears
· Hibernate
· Reduce basal metabolic rate
· Metabolic water from lipid
The Kidney
Bovine: lobulated kidney
Sea otter: reticulate kidney
Contain 1 million nephrons
· 20% juxtamedullary (most important)
· 80% corticol
Nephrons are associated with peritubular capillary vessels
Glomerular filtrate production 150-180L/day
RAAS
· BP falls
· Renin produced by juxtaglomerular cells
· Renin acts on angiotensin to produce angiotensin 1
· Angiotensin 1 converts to angiotensin 2
· BP increases
Angiotensin 2 can act with aldosterone to retain Na and water increasing blood volume
ACE inhibitors are used for hypertension
· Prevent conversion of angiotensin 1 to angiotensin 2
65% of the original ultrafiltrate is reabsorbed in proximal tubule
Reabsorption = return to peritubular capillaries
Secretion = peritubular capillaries to tubular fluid
Osmolality changes, reaching highest concentration in base of loop of Henle
Countercurrent multiplier system
· Ascending loop, descending loop, collecting ducts, vasa recta
Ascending loop of Henle
· Rich mitochondria
· Salt extruded
· Permeable to salt, impermeable to water
Descending loop of Henle
· Pump out water
· Impermeable to salt
· Permeable to water
Collecting duct
· Influenced by ADH
· Make sure urine is hyperosmotic/ more concentrated than blood
Vasa recta
· Water entering interstitial fluid doesn't dilate standing gradient
· Blood vessels associated with nephron loop
· Acts as countercurrent exchange system
Ureters
· Carry out peristalsis
· Backflow prevented by flap valve
Hyperosmotic urine
· Sterile
· Pale-dark yellow
· Populated bacteria source
· pH range 4.5-8.2
· Does not contain
· Protein
· Glucose
· Blood cells
· Hemoglobin
· Bile
Cardio-Respiratory
[image: ]Distribution of Blood














Structure of the Respiratory System
Gas exchange in lungs occurs in the alveoli
· Type 1 alveolar cells: 95-97% total surface area, primary location for gas exchange
· Type 2 alveolar cells: secrete pulmonary surfactant, reabsorb Na+ and H2O, prevent fluid buildup in the lungs
The air-blood barrier provided by the alveoli is very thin, but very strong. Strength provided by the basement membrane
Alveoli are polyhedral, clustered and occur at the end of the respiratory bronchioles 
Two functional zones:
· Respiratory zone  the region where gas exchange occurs, includes the respiratory bronchioles and alveolar cells
· Conducting zone  includes all anatomical structures in which air passes through before reaching the respiratory zone
Airflow: Trachea  left and right primary bronchi  terminal bronchioles  respiratory bronchioles  alveoli
Physical Properties of the Lungs
Lungs need high compliance  need to expand easily
· Defined by change in volume over change in trans-pulmonary pressure	
Compliance of lungs reduced by factors that reduce distension
· Pulmonary fibrosis  infiltrates lung tissue with connective tissue
Lungs need high elasticity  return to normal size after 
Surface tension helps to act against the distension
· Exerted by fluid in the alveoli
· Fluid reabsorption  active transport Na+
· Fluid secreted  active transport Cl- out of alveolar cells
Law of Laplace  pressure directly proportional to the surface tension and indirectly proportional to the radius of the alveolus 
As radius decreases, the surface tension also decreases
Surfactant  substance in alveolar fluid that reduces surface tension
· Interspersed between water molecules at water-air interface, reducing hydrogen bonds
· Ability to lower surface tension improves as the alveoli get smaller, prevents collapsing 
· Begins to be produced late in fetal life
Thorax must be sufficiently rigid to protect organs but also flexible to allow pulmonary ventilation
· Inspiration = inhalation, expiration = exhalation, alternatively increasing and decreasing volume of thorax and lungs
Inspiration and Expiration
Diaphragm separates the thoracic and abdominal cavity, primary muscle in ventilation
Two layers of intercostal muscles between the ribs: internal intercostal & external intercostal
· Parasternal intercostal one layer between the costal cartilages 
Lungs expand = diaphragm contracts, lungs contract = diaphragm expands
Pulmonary Function Tests
Spirometry assesses pulmonary function
Tidal volume  air expired in each breath during quiet breathing 
Residual volume  air that cannot be expired
Total minute volume ~6 L, can increase to 100-200 L during exercise
Not all the inspired lung volume reaches the alveoli as it mixes with air in the anatomical dead space
Amount of air reaching the alveoli increases with increasing tidal volume. 
Spirometry useful for diagnosing pulmonary disease, two categories
· Restrictive disorders  vital capacity is reduced, normal expiration
· Obstructive disorders  normal vital capacity, reduced expiration
Disorders caused by High Partial Pressures of Gases
Total atmospheric pressure increases by one atmosphere every 10m below sea level.
· 10m below sea level dissolved gases in plasma = 2x
· 20m = 3x, 30m = 4x
· Increased amounts of oxygen and nitrogen can have negative effects
Oxygen toxicity
· May develop rapidly when PO2 rises above 2.5 atmospheres
· Leads to oxidation of enzymes and other destructive changes
· Can cause nervous system damage, coma, death
Nitrogen narcosis
· Large amounts of dissolved nitrogen at high pressure can cause delirious effects
· Increased amount of nitrogen dissolved in plasma membrane
· Effects may resemble alcohol intoxication, dizziness, extreme drowsiness 
Decompression sickness
· If diver ascends to sea level too quickly, nitrogen bubbles can form in tissue fluids and enter blood
· Bubbles can block blood channels, producing muscle & joint pain and more severe damage
· Could also happen in an airplane if cabin rapidly depressurized 
Hemoglobin
Most oxygen in the blood is bonded to hemoglobin
4 peptides = globin, 4 iron discs = hemes
2 alpha chains 141 AA long, 2 beta chains 146 AA long
4 oxygen/hemoglobin and over a billion oxygen per red blood cell
· Oxyhemoglobin  reduced iron, oxygen bound
· Deoxyhemoglobin/ reduced hemoglobin  no oxygen, reduced iron
· Methemoglobin  oxidized 
· Carboxyhemoglobin  bound to CO, CO displaces oxygen
· % oxyhemoglobin saturation  %oxyhemoglobin: total hemoglobin
Carbon dioxide transport
Carried in blood in 3 forms:
· Dissolved in plasma, 1/10
· Carbaminohemoglobin, 1/5
· Bicarbonate ion
CO2 combine with water to make carbonic acid, RBC
Chloride shift  Cl- moves into RBC as bicarbonate moves out 
· Unloading of oxygen is increased by bonding of H+ to hemoglobin 
Reverse chloride shift  Oxyhemoglobin has weaker affinity to H+, in pulmonary capillaries, convert carbonic acid to CO2 and exhaled 
[image: ]Respiratory Adaptions to High Altitude
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Carbon dioxide transport
Arteries and veins have 3 coats:
· Tunica externa  outermost, connective tissue
· Tunica media  middle, smooth muscle
· Tunica interna  innermost, endothelium, basement membrane, elastic fibers
Arteries
· Large, elastic, can contract or expand based on blood pressure
· Elastic recoil drives blood during the diastolic phase
· Small arteries and arterioles are muscular and diameter changes very little, have greatest resistance to blood flow
· Capillaries are the narrowest, “business end” by providing place for gas exchange
· Vasoconstriction  increase resistance
· Vasodilation  decrease resistance 
Capillaries
· Arterial system branches
· Very close to all cells
· Walls are just one layer, more rapid exchange
· Continuous capillaries  endothelial cells closely joined, muscle, lung, adipose, CNS
· Fenestrated capillaries  wide intracellular pores, kidneys, endocrine, intestines
· Discontinuous capillaries  great distance between endothelial cells, look like cavities in organ, bone marrow, spleen, liver

Veins
· Most of total blood volume here
· Expand as they accumulate blood
· Squeezed by contracting skeletal muscle
· One-way flow helped by venous valves
· Skeletal muscle pump  massaging by skeletal muscles to help blood flow
· Diaphragm:
· Decrease pressure thoracic cavity
· Increase pressure abdomen
· Squeeze abdomen veins
Structure of Heart
4 chambers
Atria receive blood from venous system
Ventricles pump blood into arterial system
Right and left separated by septum
Atria and ventricles separated by fibrous skeleton
Myocardial cells in atria attach to upper margin of this fibrous skeleton, form myocardium
Deoxygenated blood enters the right, oxygenated blood enters the left
[image: ]

Cardiac Muscle
Cells are striated
Actin & myosin filaments = sarcomeres 
Short, branched, interconnected 
Joined to adjacent cells by gap junctions, affinity for stain
Dark stains = intercalated discs 
Myocardium behaves as a single functioning unit, action potential spread to all cells
Produce action potentials automatically 
Originate from specialized cells called pacemaker
Mechanism of Contraction
Dark A bands, light I bands, produce striations 
A bands = thick filaments and thin filaments
I bands = thin filaments = actin
H bands = only thick filaments = myosin
[image: ]

M lines produced by proteins in the middle of the thick filament
Titin is largest protein in the human body, binds to Z disc, spring-like through the I band, longer portion bound to the thick filament to the M line
During contraction, I bands do not shorten, but sliding of thin filament over thick filament
Cross bridges  part of myosin protein, extend as arms and have globular heads, produces the sliding of filaments
Cross bridge head has a ATP binding site and an actin binding site
Single cross bridge pulls actin, 1% contraction
Cardiac Cycle
Repeating cycle of contracting and relaxing the heart
Relax = diastole, contract = systole (relax before contract = diastole before systole)
 2 step pumping: 1- atria, 2- ventricles (ejects 2/3)
cycle:
· Ventricles begin contraction – AV valves snap shut  1st heart sounds
· Left pressure slightly greater than aorta, ejection begins
· Pressure in ventricles fall, semilunar valves snap shut  2nd heart sound
· Pressure in ventricles falls below atria, AV valves open, ventricles fill
· Atria contraction delivers final amount of blood into ventricles
ECG allows for examination of cycle
Dicrotic notch can’t be felt on palpation
Automaticity  heart can still beat with no neural cells if myocardial cells stay alive
SA node = pacemaker 
HCN channel ion channel in plasma membrane, inward flow Na+ called funny channel
AV node, bundle of His, purkinje fingers have action potential
Electrocardiogram uses an electrocardiograph to record results
Reproduction
Spermatogenesis
Spermatogonia  germ cells that migrate to testes during early embryonic development
Located in basement membrane
Diploid cells that give rise to haploid cells
Only one daughter cell becomes primary spermatocyte
Seminiferous tubules normally produce 300 sperm per day
Spermatids and mature spermatozoa located near lumen of tubules
Replace histone proteins with protamines to induce great chromatin compaction 
Sertoli cells constitute blood-testes barrier, prevents autoimmune destruction of sperm, also produce FAS ligand  T cell apoptosis 
Sertoli cells secrete androgen-binding protein  into lumen
Midpiece contains mitochondria 
FSH not required for spermatogenesis, but needed for optimal fertility
Epididymis coiled structure that receives tubular products, enter at the head, leave at the vas deferens 
Sperm non-motile at epididymis because of low pH, when pH neutralized, become motile
Emission  movement of semen into the urethra, Ejaculation  expulsion of semen
60-150 million sperm/mL, 1.5-5 mL
Lactation
mammary glands  15-20 lobes, separated by adipose tissue
glandular alveoli  secrete milk
ampulla  accumulation of milk during nursing
Sex Determination
Most testes-specific genes located in huge palindromes  read same backward and forward
Chromosomal sex determined by the sperm fertilizing the egg
End of 1st trimester, beginning of second trimester testosterone levels higher if male, drop in end 2nd trimester
[image: ]Clitoris and penis said to be homologous structures
Sex Determination
most common cause female pseudohermaphroditism due to congenital adrenal hyperplasia
male pseudohermaphroditism causes testicular feminization syndrome, female external genitalia but testes on inside, appear female but can’t get pregnant and never menstruate 
Pregnancy
Channels called CatSper allows ride in pH to have Ca enter the sperm and cause hyperactivation
Acrosome  above nucleus in sperm, acrosome reaction triggered by zona pullucida 
Blastocyst has 2 parts: 
· Inner cell mass  become the fetus
· Surrounding chorion  become the placenta
Zygote – 8 cell stage are totipotent  ability to create entire organism when implanted into uterine wall
Nidation = implantation 
Embryonic stem cells from inner mass blastocyst  pluripotent 
Regenerative medicine  develop medical treatment with stem cells
hCG made if egg is fertilized 
peak between 1-2 months
[image: ]oxytocin and prostaglandins promote labour 
2
image4.emf
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 Veins have thinner, less muscular walls than do arteries; thus, 
they have a higher  compliance.  This means that a given amount 
of pressure will cause more distension (expansion) in veins 
than in arteries, so that the veins can hold more blood. Approxi-
mately two-thirds of the total blood volume is located in the veins 
( fig. 14.6 ). Veins are therefore called  capacitance vessels,  after 
electronic devices called capacitors that store electrical charges. 
Muscular arteries and arterioles expand less under pressure (are 
less compliant), and thus are called  resistance vessels.



 Although veins contain almost 70% of the total blood vol-
ume, the mean venous pressure is only 2 mmHg, compared to 
a mean arterial pressure of 90 to 100 mmHg. The lower venous 
pressure is due in part to a pressure drop between arteries and 
capillaries and in part to the high venous compliance. 



 The venous pressure is highest in the venules (10 mmHg) 
and lowest at the junction of the venae cavae with the right 
atrium (0 mmHg). This produces a pressure difference that pro-
motes the return of blood to the heart. In addition, the venous 
return is aided by (1) sympathetic nerve activity, which stimu-
lates smooth muscle contraction in the venous walls and thereby 
reduces compliance; (2) the skeletal muscle pump, which 
squeezes veins during muscle contraction; and (3) the pressure 
difference between the thoracic and abdominal cavities, which 
promotes the flow of venous blood back to the heart. 



 Contraction of the skeletal muscles functions as a “pump” by 
virtue of its squeezing action on veins (chapter 13; see fig. 13.29). 
Contraction of the diaphragm during inhalation also improves 
venous return. The diaphragm lowers as it contracts, increas-
ing the thoracic volume and decreasing the abdominal volume. 
This creates a partial vacuum in the thoracic cavity and a higher 
pressure in the abdominal cavity. The pressure difference thus 
produced favors blood flow from abdominal to thoracic veins 
( fig. 14.7 ).      



 Figure 14.5 The regulation of cardiac output.    
Factors that stimulate cardiac output are shown as solid arrows; 
factors that inhibit cardiac output are shown as dashed arrows. 
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 Figure 14.6 The distribution of blood within the 
circulatory system at rest.    Notice that the venous system 
contains most of the blood; it functions as a reservoir from which 
more blood can be added to the circulation under appropriate 
conditions (such as exercise).    
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 Figure 14.7 Variables that affect venous return and 
thus end-diastolic volume.    Direct relationships are indicated 
by solid arrows; inverse relationships are shown with dashed 
arrows. 
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 Figure 16.42 
Respiratory adaptations 
to a high altitude.    The 
circled numbers indicate the 
order of the responses, from 
those that occur immediately 
to those that require weeks 
to take effect. These 
adaptations enable people 
to live, work, and play at 
higher altitudes than would 
otherwise be possible. 
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Table 16.15 | Changes in Respiratory 
Function During Acclimatization to High 
Altitude



Variable Change Comments



Partial pressure of 
oxygen



Decreased Due to decreased total 
 atmospheric pressure



Partial pressure of 
carbon dioxide



Decreased Due to hyperventilation 
in response to low  
arterial  PO 2  



Percent oxyhemo-
globin saturation



Decreased Due to lower  PO2   in pul-
monary capillaries



Ventilation Increased Due to lower  PO2  



Total hemoglobin Increased Due to stimulation by eryth-
ropoietin; raises oxygen 
capacity of blood to 
partially or completely 
compensate for the 
 reduced partial pressure



Oxyhemoglobin 
affinity



Decreased Due to increased DPG 
within the red blood cells; 
results in a higher percent 
unloading of oxygen to 
the tissues



In the Peruvian Andes, for example, people have a total hemoglo-
bin concentration that is increased from 15 g per 100 ml (at sea 
level) to 19.8 g per 100 ml. Although the percent oxyhemoglobin 
saturation is still lower than at sea level, the total oxygen content 
of the blood is actually greater—22.4 ml O 2  per 100 ml compared 
to a sea-level value of about 20 ml O 2  per 100 ml. These adjust-
ments of the respiratory system to high altitude are summarized in 
 figure 16.42  and  table 16.15 .    



 Increased red blood cell count and hemoglobin concentra-
tion at high altitude are not unalloyed benefits. The polycythemia 
(high red blood cell count) increases the blood viscosity, thereby 
increasing vascular resistance. Polycythemia can cause pulmonary 
hypertension, accompanied by edema and ventricular hypertrophy 
that can lead to heart failure. In pregnant women, polycythemia 
increases fetal mortality. It is interesting in this regard that Tibetan 
highlanders, who have lived at extreme altitudes for many thou-
sands of years, have lower hemoglobin and red blood cell levels 
than other people who ascend to the same altitude. 



 The “ideal” hemoglobin concentration is probably close to 
18 g/dl of blood. When values reach 21 to 23 g/dl, the circu-
lation becomes abnormal and the person displays symptoms 
of  chronic mountain sickness.  Interestingly, the fetus attains 
hemoglobin concentrations that are also about 18 g/dl before 
birth, when blood oxygen levels are low. The hemoglobin con-
centrations drop rapidly after birth when blood oxygenation 
rises with the first breath.               
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Blood, Heart, and Circulation 419



 The numerous small muscular arteries and arterioles of the 
systemic circulation present greater resistance to blood flow 
than that in the pulmonary circulation. Despite the differences 
in resistance, the rate of blood flow through the systemic cir-
culation must be matched to the flow rate of the pulmonary 
circulation. Because the amount of work performed by the left 
ventricle is greater (by a factor of 5 to 7) than that performed 
by the right ventricle, it is not surprising that the muscular wall 
of the left ventricle is thicker (8 to 10 mm) than that of the right 
ventricle (2 to 3 mm).  



  Atrioventricular 
and Semilunar Valves 
 Although adjacent myocardial cells are joined together 
mechanically and electrically by intercalated discs (chapter 12; 
see figs. 12.32 and 12.33), the atria and ventricles are separated 
into two functional units by a sheet of connective tissue—the 
fibrous skeleton previously mentioned. Embedded within this 
sheet of tissue are one-way  atrioventricular (AV) valves.  The 
AV valve located between the right atrium and right ventricle 
has three flaps, and is therefore called the  tricuspid valve.  The 
AV valve between the left atrium and left ventricle has two 
flaps and is thus called the  bicuspid valve,  or, alternatively, the 
mitral valve  ( fig. 13.11 ).  



 The AV valves allow blood to flow from the atria to the 
ventricles, but they normally prevent the backflow of blood into 
the atria. Opening and closing of these valves occur as a result 
of pressure differences between the atria and ventricles. When 
the ventricles are relaxed, the venous return of blood to the atria 
causes the pressure in the atria to exceed that in the ventricles. 
The AV valves therefore open, allowing blood to enter the ven-
tricles. As the ventricles contract, the intraventricular pressure 
rises above the pressure in the atria and pushes the AV valves 
closed. 



 There is a danger, however, that the high pressure produced 
by contraction of the ventricles could push the valve flaps too 
much and evert them. This is normally prevented by contraction 
of the  papillary muscles  within the ventricles, which are con-
nected to the AV valve flaps by strong tendinous cords called the 
 chordae tendineae  ( fig. 13.11 ). Contraction of the papillary mus-
cles occurs at the same time as contraction of the muscular walls 
of the ventricles and serves to keep the valve flaps tightly closed. 



to all of the organ systems and are thus part of the  systemic 
circulation.  



 As a result of cellular respiration, the oxygen concentration 
is lower and the carbon dioxide concentration is higher in the tis-
sues than in the capillary blood. Blood that drains from the tissues 
into the systemic veins is thus partially depleted of oxygen and 
increased in carbon dioxide content. These veins ultimately empty 
into two large veins—the  superior  and  inferior venae cavae —that 
return the oxygen-poor blood to the right atrium. This completes 
the systemic circulation: from the heart (left ventricle), through 
the organ systems, and back to the heart (right atrium). The sys-
temic and pulmonary circulations are illustrated in  figure 13.10 , 
and their characteristics are summarized in  table 13.6 .    



 Figure 13.10 A diagram of the circulatory 
system. The systemic circulation includes the aorta and venae 
cavae; the pulmonary circulation includes the pulmonary arteries 
and pulmonary veins.     
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Table 13.6 | Summary of the Pulmonary and Systemic Circulations



Source Arteries
O2 Content 
of Arteries Veins



O2 Content 
of Veins Termination



Pulmonary Circulation Right ventricle Pulmonary 
arteries



Low Pulmonary veins High Left atrium



Systemic Circulation Left ventricle Aorta and its 
branches



High Superior and inferior 
venae cavae and their 
branches*



Low Right atrium



*Blood from the coronary circulation does not enter the venae cavae, but instead returns directly to the right atrium via the coronary sinus.
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appreciation of the three-dimensional structure of a myofi-
bril can be obtained by viewing the myofibril in cross sec-
tion. In this view, it can be seen that the Z lines are actually 
 Z discs,  and that the thin filaments that penetrate these Z 
discs surround the thick filaments in a hexagonal  arrangement 
( fig. 12.7 b,    right ). If we concentrate on a single row of dark 



known as  sarcomeres  ( figs. 12.6  and  12.7 a  ). A longitudinal 
section of a myofibril thus presents a side view of successive 
sarcomeres.  



 This side view is, in a sense, misleading; there are 
numerous sarcomeres within each myofibril that are out of 
the plane of the section (and out of the picture). A better 



 Figure 12.7 Arrangement of thick and thin filaments in a striated muscle fiber.    (a) The upper illustration depicts a 
myofibril in longitudinal section, so that its arrangement of thick and thin filaments to form the banding patterns can be seen. The lower 
illustration reveals the three-dimensional structure of a myofibril. (b) Transmission electron micrographs of a muscle fiber in longitudinal 
(left) and transverse (right) sections. The longitudinal view shows how the banding patterns of each myofibril stack up to produce the 
striations of the muscle fiber. The transverse section of a myofibril shows how thick and thin filaments appear in an end-on view. 
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makes sense in light of the fact that both male and female 
embryos develop within an environment high in estrogen, 
which is secreted by the mother’s ovaries and the placenta. If 
the secretions of the ovaries determined the sex, all embryos 
would be female.    



  Disorders of Embryonic 
Sexual Development 
  Hermaphroditism  is a condition in which both ovarian and tes-
ticular tissue is present in the body. About 34% of hermaphro-
dites have an ovary on one side and a testis on the other. About 
20% have ovotestes—part testis and part ovary—on both sides. 
The remaining 46% have an ovotestis on one side and an ovary 
or testis on the other. Hermaphroditism is extremely rare and 
results when some embryonic cells receive the short arm of 
the Y chromosome, with its SRY gene, whereas others do not. 
More common (though still rare) disorders of sex determination 
involve individuals with either testes or ovaries, but not both, who 
have accessory sex organs and external genitalia that are incom-
pletely developed or that are inappropriate for their chromo-
somal sex. These individuals are called  pseudohermaphrodites  
( pseudo   5  false). 



 The most common cause of female pseudohermaphrodit-
ism is  congenital adrenal hyperplasia.  This condition, which is 
inherited as a recessive trait, is caused by the excessive secre-
tion of androgens from the adrenal cortex. Because the cortex 
does not secrete müllerian inhibition factor, a female with this 
condition would have müllerian duct derivatives (uterus and 
fallopian tubes), but she would also have wolffian duct deriva-
tives and partially masculinized external genitalia. 



into  male accessory sex organs:  the  epididymis, ductus (vas) 
deferens, seminal vesicles,  and  ejaculatory duct.  



 The  external genitalia  of males and females are essen-
tially identical during the first 6 weeks of development, sharing 
in common a  urogenital sinus, genital tubercle, urethral folds,  
and a pair of  labioscrotal swellings.  The secretions of the tes-
tes masculinize these structures to form the  penis  and  spongy 
(penile) urethra,   prostate,  and  scrotum.  In the absence of 
secreted testosterone, the genital tubercle that forms the penis 
in a male will become the  clitoris  in a female. The penis and 
clitoris are thus said to be  homologous structures.  Similarly, 
the labioscrotal swellings form the scrotum in a male or the 
 labia majora  in a female; these structures are therefore also 
homologous ( fig. 20.6 ).  



 Masculinization of the embryonic structures occurs as a 
result of testosterone secreted by the embryonic testes. Testoster-
one itself, however, is not the active agent within all of the target 
organs. Once inside particular target cells, testosterone is con-
verted by the enzyme  5  a - reductase  into the active hormone known 
as  dihydrotestosterone (DHT)  ( fig.  20.7 ). DHT is needed for 
the development and maintenance of the penis, spongy urethra, 
scrotum, and prostate. Evidence suggests that testosterone itself 
directly stimulates the wolffian duct derivatives—epididymis, duc-
tus deferens, ejaculatory duct, and seminal vesicles.  



 In summary, the genetic sex is determined by whether a 
Y-bearing or an X-bearing sperm cell fertilizes the ovum; the 
presence or absence of a Y chromosome, in turn, determines 
whether the gonads of the embryo will be testes or ovaries. 
The presence or absence of testes, finally, determines whether 
the accessory sex organs and external genitalia will be male or 
female ( table 20.1 ). This regulatory pattern of sex determination 



 Figure 20.5 The 
regulation of embryonic sexual 
development. In the presence 
of testosterone and müllerian 
inhibition factor (MIF) secreted by 
the testes, male external genitalia 
and accessory sex organs develop. 
In the absence of these secretions, 
female structures develop.  
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prostaglandins (PGs) involved are PGF 2 a   and PGE 2 . Labor can 
indeed be induced artificially by injections of oxytocin or by 
insertion of prostaglandins into the vagina as a suppository. 



 Although labor is known to be stimulated by oxytocin and 
prostaglandins, the factors responsible for the initiation of labor 
are incompletely understood. In all mammals, labor is initiated 
by activation of the fetal adrenal cortex. In mammals other than 
primates, the fetal hypothalamus–anterior pituitary–adrenal 
cortex axis sets the time of labor. Corticosteroids secreted by 
the fetal adrenal cortex stimulate the placenta to convert pro-
gesterone into estrogens, thereby causing a fall in progesterone. 
This is significant because progesterone inhibits activity of the 
myometrium, while estrogens stimulate the ability of the myo-
metrium to contract. However, the initiation of labor in humans 



and other primates is more complex. Progesterone levels do not 
fall because the human placenta cannot convert progesterone 
into estrogens; it can only make estrogen when it is supplied 
with androgens from the fetus ( fig. 20.49 ). 



 In primates only, the placenta produces  corticotropin-
releasing hormone (CRH).  Further, it is only in humans and the 
great apes that the secretion of CRH rises rapidly during preg-
nancy. Most scientists now believe that the rate of increase of 
CRH secretion from the placenta is the most important determi-
nant of when  parturition  (childbirth) will occur. CRH stimulates 
the secretion of ACTH from the anterior pituitary, which stimu-
lates cortisol secretion from the adrenal cortex of both the fetus 
and the mother. Cortisol then acts in a positive feedback fash-
ion to stimulate the placenta to secrete more CRH ( fig. 20.50 ). 



 Figure 20.50 Labor in humans. (1) The fetal adrenal gland secretes dehydroepiandrosterone sulfate (DHEAS) and cortisol 
upon stimulation by CRH (corticotropin-releasing hormone) and ACTH (adrenocorticotropic hormone). (2) In turn, cortisol stimulates 
the placenta to secrete CRH, producing a positive feedback loop. (3) The DHEAS is converted by the placenta into estriol, which is 
needed, together with prostaglandins and oxytocin, to stimulate the myometrium of the mother’s uterus to undergo changes leading to 
labor. The plus signs emphasize activation steps critical to this process.  
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Table 11.1 | A Partial Listing of the Endocrine Glands
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