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Lab	24	Vision	
Introduction	to	the	special	senses:		

	Last	term,	you	learned	about	the	general	senses.		These	senses	are	called	the	general	senses	
because	they	are	found	all	over	your	body	and	that	the	receptors	are	not	very	specialized.		As	you	
learned	have	previously	learned,	your	sense	of	“touch”	is	in	reality	3	separate	senses	working	together.		
Those	senses	allow	us	to	detect	temperature	via	thermoreceptors	(free	nerve	endings),	pain	
(nocioreception)	via	nociperceptors	(again	free	nerve	endings).	

	
	This	term,	we	will	learn	about	the	special	senses.	Those	are	vision,	

hearing,	gestation,	and	olfaction.			Receptors	for	the	special	senses	are	highly	
specialized	structures	located	in	the	head.			Vision	uses	photo	receptors	to	
detect	light.	If	you	recall	from	lecture,	we	have	2	types	of	photo	receptros;	
cones	are	responsible	for	color	vision	while	rods	are	responsible	for		detecting	
the	presence,	or	absence,	of	visible	light.		Hearing	uses		mechanoreceptors		
that	are	located	in	the	ear.	These	receptors	convert	the	mechanical	energy	of	
the	sound	wave	into	nerve	impulses.		Your	senses	of	taste	(gustation)	and	
smell	(olfaction)	are	actually	linked	together.	Both	of	those	senses	use	
specialized	chemoreceptors	that	require	the	substance	to	be	dissolved.	
Gustation	and	olfaction	are	also	linked	together	functionally.	In	order	for	you	
to	fully	taste	something,	you	must	smell	it	too.	That	is	why	warm	food	(which	

tend	to	be	more	aromatic)	taste	better	than	cold	foods	and	why	you	cannot	really	taste	anything	when	
you	have	a	cold.		Gustation	and	olfaction	differ	in	that	you	have	5principal	tastes	(sour,	sweet,	salty,	
bitter,	and	umami	(glutamic	acid	and	other	amino	acids)	while	you	can	smell	hundreds	if	not	thousands	
of	different	smells.		However,	what	ties	those	4	senses	together	is	that	they	all	have	special	receptors	
located	in	1	specific	place.			
	

Receptors	for	the	special	senses	are	highly	specialized	structures.		Within	your	eye	are	millions	
of	photoreceptors.	Those	receptors	have	either	a	rod	shaped	or	a	conical	shape.	Rod	shaped	receptors,	
called	rods,	detect	the	presence	or	absence	of	visible	light.	As	a	result,	it	is	said	that	rods	allow	you	to	
see	black	and	white	only	though	this	is	not	100	percent	accurate.	It	is	more	that	rods	tell	you	about	the	
presence	or	absence	of	visible	light.	It	is	believed	that	you	
have	90	million	rods	in	your	eye	and	they	tend	to	be	
found	in	the	lateral	parts	of	your	retina	and	they	let	you	
see	motion	and	the	presence	of	light.			Cones	are	the	
conical	shaped	receptor.			In	reality,	you	have	3	different	
type	of	cone	that	detects	a	different	frequency	of	light.	
Therefore,	you	have	red	cones	(high	wavelengths),	green	
cones	(medium	wavelengths),	and	blue	cones	(short	
wavelengths).		All	three	types	are	highly	concentrated	in	
the	center	of	your	eye	while	you	have	mostly	rods	
towards	the	outside.	

	 Both	rods	and	cones	are	connected	to	
bipolar	cells	and	the	bipolar	cells	feed	into	ganglion	cells.	
However,	the	arrangement	is	different.		Each	cone	is	
attached	to	a	single	bipolar	cell	which	is	attached	to	a	
single	ganglion	cell	whereas,	multiple	rods	will	connect	to	
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1	bipolar	cell	and	multiple	bipolar	cells	feed	1	ganglion	cell.		To	complicate	issues	with	rods,	each	rod	is	
connected	to	its	neighbors	by	horizontal	cells.		When	1	rod	is	active,	it	deactivates	the	rods	around	it	
through	the	horizontal	cell.		As	a	result,	cones	give	you	vivid	detail	(in	color)	where	as	rods	give	you	a	
summary	from	multiple	perspectives	of	what	is	in	your	peripheral	vision.		All	ganglion	cell	lead	to	the	
optic	nerve	which	exits	in	part	of	the	retina	called	the	optic	disc.		At	this	part	of	the	retina,	you	have	no	
photoreceptors	due	to	the	exiting	of	the	optic	nerve.	

	
			

1. Prelab	questions:	Match	the	receptor	type	with	the	sense.	
	

	 Audition	(hearing)	 A. Thermoreceptors	(free	nerve	endings)	
	 Gustation	 B. Nociperceptors		(free	nerve	endings)	
	 Olfaction	 C. Photo	receptors	
	 Pain	 D. Chemoreceptors	
	 Pressure	 E. Corpuscles	(encapsulated	nerve	endings)	
	 Sight	 F. Specialized	hair	cells	(mechanoreceptors)	
	 Temperature	 	
	

2. Draw	a	picture	of	the	retina	(hint,	previous	page).	Label	the	rods,	cones,	bipolar	cells,	and	
ganglion	cells.			
	
	
	
	
	
	
	
	

3. Where	are	rods	found?	
	
	

4. Where	are	cones	found?	
	
	

5. What	are	the	3	types	of	cones?	
Part	1	External	eye	structures	
	 The	eyes,	which	are	about	an	inch	in	diameter	(2.54	cm),	are	encased	in	the	bony	orbits	of	the	
skull	and	therefore,	only	about	1/6th	of	the	eye	is	visible.		The	eyes	themselves	are	sheathed	in	a	layer	of	
adipose	tissue	which	protects	their	delicate	structure	from	impact	with	the	bones	of	the	skull.			The	
eyebrows	are	located	on	the	superior	margin	of	the	orbit	and	it	is	hypothesized	that	they	prevent	sweat	
from	entering	the	eye.	The	eyelids	(palpebrae)are	the	third	thinnest	layer	of	skin	in	the	body	and	the	
primary	function	is	to	prevent	debris	from	entering	the	eye.	The	eye	lashes	aid	in	this	function	as	well.		
The	eyelids	meet	at	the	lateral	and	medial	commissures.	The	conjunctiva,	which	is	a	mucus	membrane,			
lines	the	interior	surface	of	the	eyelid	and	continues	over	the	eye.		This	membrane	produces	mucus	to	
lubricate	the	eye	ball.		Furthermore,	the	eye	lids	contain	tarsal	glands	which	are	modified	sebaceous	
glands.		The	tarsal	glands	produce	oil	to	help	trap	moisture	in	the	eye.	
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Tears	are	produced	by	lacrimal	glands	which	are	located	
on	the	superior-lateral	surface	of	each	eye.		Tears	flow	
from	the	lacrimal	glands	across	the	eye	and	into	the	
lacramil	canaliculi	(duct)	located	where	the	lacramil	bone	
meets	the	orbit.			From	here,	the	tears	go	into	the	lacrimal	
sack,	down	the	nasolacrimal	duct	and	enter	the	nasal	
cavity	through	the	nasal	meatus(	see	picture	left).			
Lacrimal	fluid	(tears)	washes	away	debris	and	keeps	the	
eye	clean.	It	also	contains	an	enzyme	called	lysozyme	
which	digests	bacteria.		Our	eyes	are	constantly	producing	
lacrimal	fluid,	but	typically	we	do	not	notice	it	because	
the	fluid	is	able	to	enter	the	ducts.	Only	at	times	of	
increased	production,	when	the	amount	being	produced	is	

too	great	for	the	duct	to	handle,	do	we	notice	our	tears.	
	
Observe	the	lacramil	glands	the	models	in	the		
classroom.	Then	using	your	text	book	or	the	
	internet,	draw	and	label	the	lacrimal	apparatus.		
	
	
	
	
	
Part	2,	Muscles	of	the	eye	
	The	eye	contains	6	well	named	muscles	that	help	you	move	your	eye	left	and	right,	up	and	down	or	to	
roll	them	at	loved	ones.		Each	of	the	4	rectus	muscle	pulls	
the	eye	to	the	side	the	muscle	is	on.	Therefore,	the	
superior	rectus	elevates	the	eye	while	the	inferior	rectus	
depresses	it.		The	medial	rectus	causes	you	to	look	
towards	your	nose	(look	medial)	and	the	lateral	rectus	
moves	the	eyes	away	from	the	nose	(look	lateral)		The	
superior	oblique	depresses	the	eye	and	moves	it	laterally	
while	the	inferior	oblique		causes	you	to	elevate	your	eye	
and	turn	it	lateral.	Therefore,	the	oblique	muscles	move	
the	eye	to	the	side	opposite	that	they	are	on.			All	but	two	
of	these	muscles	are	controlled	by	the	oculomotor	nerve;	
the	exceptions	are	the	lateral	rectus	which	is	controlled	by	the	abdunces	and	the	superior	oblique	
which	is	controlled	by	the	trochlear		
Observe	the	muscles	on	the	models.Then	fill	out	the	table	below	as	to	the	actions	of	the	muscles	of	the	eye.	
Muscle	 Action	
Inferior	Oblique	 	
Inferior	Rectus		 	
Lateral	Rectus		 	
Medial	Rectus	 	
Superior	Oblique	 	
Superior	Rectus	 	
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Activity	3	Gross	anatomy	of	the	eye	
The	eyes	are	arranged	in	3	tunics;	the	tough	outer	fibrous	

tunic,	the	middle	vascular	tunic,	and	the	retina	(tunica	inerna	or	
neural	tunic).	The	fibrous	tunic	is	made	up	of	mostly	of	a	thick	
tough	coat	called	the	sclera.		This	structure	is	what	you	associate	
with	the	“whites	of	your	eyes,”	and	it	is	also	covered	in	part	by	the	
conjunctiva.		There	is	a	“break”	in	this	tough	membrane	on	the	
anterior	surface	of	the	eye.	Here	is	a	clear,	transparent	membrane	
called	the	cornea	that	allows	light	to	enter	the	eye.	Through	the	
cornea,	you	can	see	two	structures	within	the	vascular	tunic;	the	
pupil	and	the	iris.	
	 The	middle	tunic	is	called	the	vascular	tunic	due	to	its	high	

concentration	of	blood	vessels.		Deep	to	the	blood	vessels	is	the	choroid	
coat	which	is	a	dark,	pigmented	layer	that	prevents	light	from	scattering	
into	the	eye.		There	are	2	sets	of	smooth	muscles	to	the	anterior	part	of	the	
vascular	tunic.		The	outer	muscle	is	called	the	iris	and	it	is	pigmented	to	
help	prevent	excess	light	to	enter	the	eye.		The	iris	controls	how	much	light	
enters	the	eye	by	modifying	the	size	of	the	pupil.	By	dilating,	the	iris	lets	
more	light	in,	and	by	constricting,	it	lets	less	light	in.	Deep	to	the	iris	is	the	
cilliary	body	(muscle)	which	anchors	the	lens	in	place	and	changes	the	
shape	of	the	lens	to	let	you	focus	on	nearby	objects.		Lastly,	the	lens	
focuses	the	light	that	comes	into	the	eye	upon	the	retina.		

	The	cillary	body,	iris,	and	lens	split	the	eye	into	the	anterior	and	
posterior	compartments;	both	of	which	are	filled	with	fluid	that	aid	in	
keeping	the	shape	of	the	eye.		The	fluid	in	the	anterior	compartment	is	
called	the	aquious	humor	while	the	fluid	in	the	posterior	compartment	
is	the	vitreous	humor.	The	vitreous	humor	also	keeps	the	retnia	
pressed	against	the	chorid	coat	

The	retnia	is	composed	of	photo	receptor	cells.		These	cells	are	
attached	to	bipolar	neurons	that	in	turn	attach	to	junction	points	
(ganglia	cells).		In	general,	the	rods	are	located	towards	the	outside	of	
the	eye	while	the	cones	are	clustered	towards	the	center.		As	you	can	
see	in	the	picture	above,	the	retnia	is	a		very	thin	coating	that	is	covering	the	eye.	
	
Find	the	structurs	listed	above	on	the	models	in	the	classroom.	Then	match	the	sturcture	with	the	
function	

1	 Aqueous	
Humour	

A.Smooth	muscle	that	holds	lens	in	place;	changes	shape	to	help	focus	

2	 Choroid	 B.	Maintains	shape	of	posterior	part	of	eye	
3	 Ciliary	body	 C.	Maintains	shape	of	anterior	part	of	eye	
4	 Cornea	 D.	Middle	layer	of	eye.	Also	used	to	refer	to	pigmented	layer	that	prevents	

light	from	scattering	
5.	 Iris	 E.	Colored	part	of	the	eye.	Smooth	muscle	that	controls	how	much	light	enters	
6.	 Pupil	 F.	Hole	in	the	center	of	the	iris	that	lets	light	in.	
7.	 Retina	 G.	Layer	that	contains	photo	receptors	in	the	back	of	the	eye.	
8.	 Vitreous	

humour	
H.	Clear	part	of	fibrous	tunic.	
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Activity	4	Cow/Sheep	eye	dissection.		
	In	this	activity,	you	will	examine	a	sheep	or	cow	eyeball.	On	the	

exterior,	locate	the	cornea	(where	light	enters	the	eye),	the	sclera	(the	white	
part	of	the	eye),	and	the	optic	nerve.		If	the	eye	is	surrounded	by	fat,	it	may	
be	hard	to	find	the	optic	nerve.		

Make	a	frontal	section	(cut	the	eye	so	that	there	is	a	front	and	a	
back)	about	the	middle	of	the	eye.	Towards	the	front	you	will	see	a	hard	
opaque	object.	This	is	the	lens	which	focuses	the	light	on	the	retina.		
Surrounding	the	lens	is	the	ciliary	muscle/body.	This	muscle	stretches	and	
relaxes	to	allow	you	to	focus	on	near	or	far	objects	respectively.		In	front	of	
the	lens	and	ciliary	muscle,	you	will	find	the	iris.	The	iris	is	hard	to	distinguish	
from	the	ciliary	muscle	except	for	the	fact	that	the	fibers	of	the	iris	are	
anterior	to	the	fibers	of	the	ciliary	muscle.		The	iris	dilates	to	let	in	more	light	
and	constricts	to	reduce	the	amount	of	light	coming	through	the	pupil	(the	
hole	in	which	light	enters	the	eye).			

Looking	towards	the	posterior	of	the	eye,	you	will	notice	a	thin	film.	
The	film	is	the	retina.	The	retina	contains	2	types	of	photoreceptors	that	
help	you	see.	Towards	the	center	you	have	predominantly	cones	which	let	
you	see	in	detail	and	in	color.	Towards	the	outside	you	have	rods	which	let	
you	see	in	black	white	(thus	giving	you	only	shapes.)	If	you	look	carefully	at	
the	retina,	it	seems	to	be	attached	at	a	disk	like	structure	posterior	and	
inferior	on	the	eye.	That	is	the	optic	disc	where	the	optic	nerve	exits	the	eye.	
The	shiny	layer	under	the	retina	is	the	tapetum	lucidum.		You	have	seen	this	
layer	any	time	you	have	shined	a	light	into	a	dog	or	a	cat.	The	function	is	to	
help	trap	and	reflect	light	for	the	retina.	Lastly	is	the	Choroid	coat	which	is	
the	dark	coat	under	the	tapetum	lucidum.You	are	responsible	for	

identifying/pinning	the	following	structures	once	you	open	your	eye:	Cornea,	Sclera,	Choroid	coat,	Tapetum	Lucidum,	retina,	
iris,	lens,	ciliary	muscles,	optic	disc,	optic	nerve.			Draw	a	picture	of	your	eye	with	the	above	sections	labeled.	When	you	are	
done,	have	the	teacher	test	you	on	the	parts	of	the	eye.				
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Activity	5	Blind	Spot	test.	
	
	 Your	blind	spot	gets	its	name	because	it	is	a	
spot	on	the	retina	(blue)	that	has	no	photo	
receptors	(rods	and	cones).	That	is	due	to	the	fact	
that	afferent	neurons	(red)	are	exiting	the	eye	at	
that	spot.	You	are	normally	not	aware	of	your	blind	
spot	because	your	eye	“makes	up”	or	fills	in	what	is	
missing	at	that	spot	from	input	from	the	other	eye.			
However,	when	you	close	one	eye,	you	can	locate	
the	blind	spot	of	the	other.	
Close	the	left	eye	and	hold	the	card	at	arm’s	length	
in	front	of	the	right	eye	so	that	you	are	directly	at	
the	X	and	the	dot	is	lateral.	Start	moving	the	card	
towards	your	eye	while	you	stare	at	the	X.		At	a	

point	(around	24	cm)	the	dot	will	just	vanish.	(i.e.	there	is	not	a	hole,	you	just	don’t	see	it.)	That	is	
because	the	dot	over	the	optic	disc	where	there	are	no	photo-receptors.						
	
Measure	the	distance	in	cm	from	your	eye	to	your	blind	spot	for	each	eye.	Record	your	answers	bellow.	
	
Left	Eye	___________CM	 	 Right	Eye___________	CM	
	
Activity	5	Eye	Chart	

In	part		4,	you	found	the	location	of	your	blind	spot.		In	this	
activity,	you	will	examine	how	light	enters	the	eye	and	is	
focused	by	the	lens.			Normally,	if	you	were	to	look	directly	at	an	
object,	light	waves	from	the	object	will	converge	on	the	lens	and	
be	refracted	to	the	retina	(see	picture	left).	When	the	lens	
refracts	light,	it	is	flipped	and	reversed.		You	typically	do	not	
have	any	problems	with	this	because	your	mind	is	used	to	input	
being	flipped.	(It	is	poorly	understood	how	the	input	is	
interoperated	but	it	is	agreed	upon	that	the	mind	“makes	sense”	
of	the	data	being	flipped.	

The	lens	of	the	human	eye	is	shaped	so	that	its	focal	
point	is	on	the	retina.		Therefore,	light	is	refracted	and	focused	
directly	upon	the	retina.		If	the	lens	is	misshapen,	the	light	is	
focused	somewhere	else	and	as	a	result	the	image	is	blurry.	
Think	of	your	photographs	not	being	in	focus	because	the	
autofocus	selected	the	wrong	object	as	its	focal	point.		When	
you	are	nearsighted,	the	focal	point	of	the	lens	is	in	the	middle	
of	the	eye.	When	you	are	farsighted	the	focal	point	is	past	the	
retina.			(See	image	on	previous	page)	Corrective	lenses,	as	you	
are	well	aware,	change	the	focal	point	so	that	light	focuses	the	

retina	and	the	image	is	clear.			
		 Eye	charts	test	how	clear	your	vision	is.	There	are	a	row	of	symbols	or	letters	that	get	
progressively	smaller	across	the	sheet	and	the	idea	is	to	see	how	sharply	you	can	see	the	images.		If	
there	is	an	error,	i.e.	the	lens	is	misshapen,	you	cannot	see	as	sharply	what	others	can	see	at	a	given.	
Therefore,	what	you	can	see	clearly	at	say	20	feet,	others	can	see	clearly	at	40	feet.			To	do	the	test,	
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stand	20	feet	from	the	chart	and	have	your	partner	stand	next	to	the	chart.		Cover	1	eye	and	have	
your	partner	l	point	to	rows	and	ask	you	to	read	or	identify	letters.	Keep	going	until	you	cannot	see.		If	
you	get	as	far	as	row	4	20/40,	this	means	what	you	can	read	clearly	at	20	feet,	others	can	read	clearly	
at	40	feet.	(The	goal	is	to	be	20/20)	
	
Your	Eye	Sight	_____________________	
	
Is	your	vision	normal,	poor,	or	superior?	Based	on	your	results,	explain	why.	
Activity	6	“Flashing	Lights”	

To	your	left	is	a	simple	black	and	white	grid.		Stare	at	the	
center	of	the	grid	for	60	seconds.	Within	that	time,	you	
should	see	gray	ghost	images	flashing	at	the	intersecting	
white	lines	everywhere	but	where	you	are	looking	directly.			
	

1. Once	you	see	the	flashing	ghost	images,	try	to	follow	them	
directly.	Can	you?	

	
	

2. Why	do	you	think	you	cannot	look	directly	at	the	ghost	
images?	Hint:	read	the	histology	section	

	
	
	

Activity	7.	Color	Blindness.		Grab	one	of	the	color	blindness	books.	Go	through	the	book	and	write	
what	number	you	see	on	each	page.	Note	there	is	1	blank	page.	
	

1. _______	 2.	_______	 3.	_______	 4.	_______	 5.	_______	 6.	_______	
	
7.	_______	 	 8.	_______	 9.	_______	 10.	_______	 11.	_______	 12.	_______	
	
13.	_______	 14.	_______	
	

Activity	8	acclimation.	
In	activity	6,	you	found	the	location	of	your	blind	spot.		In	this	activity,	you	will	examine	how	light	enters	
the	eye	and	is	focused	by	the	lens.			Normally,	if	you	were	to	look	directly	at	an	object,	light	waves	from	
the	object	will	converge	on	the	lens	and	be	refracted	to	the	retina	(see	picture	left).	When	the	lens	
refracts	light,	it	is	flipped	and	reversed.		You	typically	do	not	have	any	problems	with	this	because	your	
mind	is	used	to	input	being	flipped.	(It	is	poorly	understood	how	the	input	is	interoperated	but	it	is	
agreed	upon	that	the	mind	“makes	sense”	of	the	data	being	flipped.	

The	lens	of	the	human	eye	is	shaped	so	that	its	focal	point	is	on	the	retina.		Therefore,	light	is	
refracted	and	focused	directly	upon	the	retina.		If	the	lens	is	misshapen,	the	light	is	focused	somewhere	
else	and	as	a	result	the	image	is	blurry.	Think	of	your	photographs	not	being	in	focus	because	the	
autofocus	selected	the	wrong	object	as	its	focal	point.		When	you	are	nearsighted,	the	focal	point	of	the	
lens	is	in	the	middle	of	the	eye.	When	you	are	farsighted	the	focal	point	is	past	the	retina.		Corrective	
lenses,	as	you	are	well	aware,	change	the	focal	point	so	that	light	focuses	the	retina	and	the	image	is	
clear.			
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In	this	activity	we	are	going	to	alter	the	path	of	light	into	
the	eye.	You	are	going	to	wear	goggles	that	have	a	prism	
covering	1	or	both	eyes.		The	prism	will	bend	the	light	
causing	light	to	bend.	This	will	change	where	the	light	
enters	the	lens	and	alters	the	focal	point	by	location.	
Therefore,	while	the	images	will	be	crisp,	they	will	hit	the	
retina	in	a	different	place.		In	this	experiment	we	will	see	
how	long	it	takes	the	mind	to	adjust	to	these	changes.				
	
	

	 This	is	set	up	at	a	couple	of	different	locations	around	the	room.	Not	only	do	the	targets	vary	
but	so	does	the	refraction	of	the	lens.		Have	one	member	of	your	group	hold	the	goggles	up	to	their	eyes	
with	1	hand	and	the	pencil	in	the	other.		
a) Have	the	person	hold	the	pencil	with	their	thumb	on	the	blunt	(non	eraser)	end.		Have	them	move	this	to	their	sternum.		
b) Another	member	of	the	group	calls	out	the	name	of	one	of	the	characters.		
c) The	person	with	the	pencil,	as	fast	as	they	can,		will	try	to	hit	that	character.	(They	will	miss	at	first)	
d) Have	the	person	go	back	to	the	starting	point.	Repeat	until	they	are	able	to	consistently	hit	the	characters.		
e) Now	have	the	person	take	the	goggles	off.	Quickly,	have	them	try	to	hit	one	of	the	characters?	
f) Repeat	again	until	the	person	is	once	again	able	to	hit	the	characters.	

1. Was	the	person	able	to	hit	the	character	when	they	first	started	this	experiment?		
	

2. What	did	the	goggles	do	to	the	image	that	was	coming	into	the	brain?	
	

3. Was	the	person	able	to	get	better	with	time?	What	is	the	special	term	for	this?	
	

4. How	long	did	it	take	for	the	person	to	get	better?	
	 	

Activity	9	Microscopic	anatomy	of	the	retina.		
	Several	microscopes	have	
been	set	up	to	show	you	the	
cell	layers	of	the	retina.				As	
you	can	see,	the	
photoreceptors	of	the	eye,	
rod	cells	and	cone	cells,	are	
deep	or	caudal	to	the	rest	of	
the	retina	and	up	against	
the	choroid	coat.		Rod	cells,	
of	which	there	are	really	4	
types,	are	cells	that	pick	up	
dim	light	and	tell	you	if	
there	is	a	light	source	or	not.	
You	perceive	the	input	from	
rods	as	gray	tones	
(remember	the	flashing	
lights	activity	above).	They	
are	also	good	at	telling	you	if	
there	is	motion;	therefore,	it	
is	not	surprising	that	the	
majority	of	your	rods	are	on	
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the	outside	of	your	eye.		Rod	cells	are	connected	to	bipolar	cell	in	the	bipolar	cell	layer	(the	second	
deepest	layer).	However,	rods	converge	on	the	bipolar	cell	and	multiple		bipolar	cells	which	in	turn	
converge	on	1	ganglion	cell.	Not	shown	are	the	horizontal	cells	that	deactivate	the	other	rods	connected	
to	the	same		bipolar	cell		Therefore,	groups	of	rods	really	cycle	and	your	mind	makes	up	what	it	is	seeing	
between	each	other.	(Can	you	figure	out	why	you	saw	the	flashing	gray	dots	now?)	
Cone	cells	are	conical	shaped	cells	that	function	well	in	intense	light	but	not	at	all	in	weak	light	such	as	a	
dark	room	or	moon	light.		Cones	also	let	you	see	a	lot	of	detail.	Therefore,	it	should	be	no	surprise	that	
they	are	in	the	highest	concentration	in	the	center	of	your	eye.	In	fact,	your	retina	has	a	dip	called	the	
fovea	centralis	directly	behind	the	lens	that	only	contains	cones.		
Draw	the	histological	slide	of	the	retina	and	label	all	the	structures	on	the	
	photo	above.
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Follow	up	Activity	1	Identify	the	layer	of	the	retina	
1. ____________	

	
2. ____________	

	
3. ____________	

	
								4.		_____________	
	
Follow	up	activity	2	Label	the	diagrams	below.			

	
	
	
	
	
	
	
	
	
	
	
	

Follow	up	3:		Match	the	structure	with	its	description	
1 	Blind	spot	 A.	Produces	oil	to	help	keep	eye	moist	
2. 	Cones	 B.	Mucus	membrane	that	keeps	the	eye	lubricated	
3. 	Conjunctiva	 C.	Photo	receptors	for	gray	tones	and	night	vision	
4. 	Fovea	 D.	Photo	receptors	for	day	vision	and		
5. 	lacrimal	

gland	
E.Gland	that	produces	fluid	that	cleans	the	eye	and	kills	bacteria.	

6. 	Oblique	
muscles	

F.	4	muscles	named	for	side	of	eye	they	are	on.	Pull	eye	that	direction	

7. 	Rectus	
muscles	

G.	2	muscles	that	are	named	for	angle	they	are	at	plus	side	of	eye	they	are	on.	
Move	eye	in	the	opposite	direction	that	they	are	on.	

8. 	Rods	 H.	Spot	behind	pupil	where	you	have	the	highest	concentration	of	cones	
9. 	Tarsal	

Gland		
I.	Spot	in	eye	where	there	are	no	photo	receptors	due	to	optic	nerve	leaving	

	



 

13 Photos by John Polos. Free to reproduce for educational purposes. 
 

Bio 20b Anatomy and Physiology II Lab Book  Name__________________________ 

Lab	25	Hearing	and	Balance	
Activity	1:	Gross	anatomy	of	the	ear	

The	ear	houses	the	structures	for	balance	and	hearing	in	the	temporal	bone.	In	the	next	activity	
we	will	see	that	you	can	“hear”	sounds	when	the	ears	are	packed	with	cotton	due	to	the	vibrations	of	
the	temporal	bone.		However,	in	this	activity	we	will	look	at	the	anatomy	of	the	ear.	

The	ear	is	divided	
into	the	outer	ear,	middle	
ear,	and	inner	ear.	What	we	
think	of	as	the	ear	is	called	
the	auricle	(pinna)	and	this	
is	only	part	of	the	outer	ear.	
The	function	of	the	auricle	is	
to	funnel	sound	waves	into	
the	auditory	duct.		Think	of	
your	dog	or	your	cat	
twitching	their	ears	in	the	
direction	of	a	sound	so	that	
they	can	localize	where	the	
sound	is	coming	from.	
(note,	because	we	have	2	
ears	we	too	can	localize	

where	sounds	are	coming	from	and	we	will	do	so	later).			Sound	waves	travel	through	the	external	
acoustic	meatus	(auditory	duct)	until	they	hit	the	tympanic	membrane	(ear	drum).		The	waves	cause	
the	tympanic	membrane	to	vibrate	at	the	same	frequency	as	the	sound	wave.		The	tympanic	
membrane	is	also	the	official	end	point	between	the	outer	ear	and	middle	ear.		

The	middle	ear,	which	is	space	between	the	
tympanic	membrane	and	the	cochlea,	is	filled	with	air.	In	
order	to	be	able	to	equalize	the	pressure	here	(say	when	
scuba	diving	or	flying)	a	tube	called	the	eustation	tube	
(auditory	tube)	connects	the	middle	ear	with	the	
pharynx(throat).	Normally,	this	tube	is	closed	but	chewing	
or	moving	the	jaw	causes	it	to	temporally	open	to	allow	
the	pressure	to	equalize.		The	3	ossicle	bones	(the	
malleus,	the	incus,	and	the	stapes)	are	found	in	middle	
ear	and	span	the	space	between	the	tympanic	membrane	
and	the	cochlea.	

When	the	tympanic	membrane	vibrates,	the	
ossicles	vibrate	as	well.	The	vibration	of	the	tympanic	
membrane	causes	the	malleus	to	vibrate.	The	malleus	is	
connected	to	the	incus	via	a	hinge	joint	and	the	incus	then	
vibrates.	The	incus	is	connected	to	stapes	via	another	
hinge	joint	and	the	stapes	then	vibrates.		The	stapes	
pushes	on	a	structure	called	the	oval	window	located	on	the	cochlea.	Due	to	the	arrangement	of	the	
bones,	not	only	do	they	propagate	the	sound	wave	to	the	inner	ear	but	they	also	amplify	the	sound	
waves.	
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	 The	inner	ear	is	made	up	of	the	vestibule,	3	semicircular	canals,	and	cochlea.		These	structures	
are	embedded	in	the	temporal	bone	and	are	often	called	collectively	the	bony	labyrinth.			The	
structures	of	the	bony	labyrinth	are	hollow	and	all	contain	a	viscous	fluid	called	perilymph.	When	
disturbed,	by	either	movements	of	the	head	or	sound	vibrations,	the	perilymph	moves	around	the	bony	
labyrinth	and	“pushes”	tinny	hair	cells,	which	are	in	reality	a	structure	called	stereocilia.	The	movement	
of	the	“hair”	causes	the	hair	cell	to	depolarize	and	this	causes	an	action	potential	in	the	attached	
neuron.	

	 The	vestibule	deals	with	static	equilibrium.		
This	reports	to	the	brain	information	about	the	
position	of	the	head	and,	since	the	head	is	attached	
to	the	trunk,	body	posture	when	the	body	is	not	in	
motion.		The	vestibule	contains	2	membranes,	called	
the	utricle	and	the	saccule.	Both	of	these	membranes	
contain	clumps	of	hair	cells(	in	structures	called	
maculae).	Shifts	in	body	positioning	cause	the	
perilymph	to	move;	this	reports	a	shift	in	body	
position	to	the	brain.		The	3	semicircular	canals	
(anterior,	posterior,	and	lateral)	play	a	role	in	
dynamic	equilibrium.		Shifting	of	the	head	(and	body)	
causes	the	semicircular	canals	to	move	through	the	
ducts	within	the	canals.	This	causes	disturbances	of	

the	hair	cells	within	the	ducts.		The	brain,	receiving	6	separate	signals,	figures	out	which	way	the	head	is	
moving.			
	 The	cochlea	of	the	inner	ear	is	a	
little	bit	more	complicated.	To	help,	it	has	
been	stretched	out	in	the	picture	to	the	
right.		Within	the	cochlea,	is	the	cochlear	
duct	which	is	formed	by	the	vestibular	
and	basilar	membranes.			This	splits	the	
cochlea	into	2	chambers	which	are	called	
the	scala	vestbuli	and	the	scala	tympani.		
The	hair	cells	sit	on	the	basilar	membrane	
and	are	covered	by	the	tectorial	
membrane.		
	 The	stapes	pushes	against	the	
oval	window.	When	the	stapes	vibrates,	
it	pushes	against	the	oval	window	and	this	disrupts	the	perilymph	within	the	scala	vestbuli.	The		
perilymph	travels	through	the	scala	vestbuli	and	hits	the	vestibular	membrane	at	different	points	
depending	on	the	original	frequency	of	the	sound	wave.		This	causes	a	disturbance	of	the	cochlear	duct	
and	the	vibration	transfers	to	the	tectorial	membrane	which	pushes	on	the	hair	cells.		
	 Neurons	from	all	three	parts	of	the	inner	ear	merge	to	form	the	vestibular-cochlear	nerve	
which	takes	the	signals	to	the	temporal	lobe	(with	a	brief	detour	to	the	mid	brain)		
			 	
Identify	the	following	on	the	ear	model:		incus,	auditory	duct,	auditory	tube,	auricle,	cochlea,	malleus	,		
stapes,	tympanic	membrane,	semi	circular	canals	(anterior,	lateral,	and	posterior),	vestibule,	and	
vestibular-cochlear	nerve.			
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Activity	2.	Sound	localization.			
Since	we	have	2	ears,	we	are	able	to	triangulate	where	we	hear	sounds	from	come	from.	The	purpose	of	
activity	is	to	demonstrate	this.		
	
Have	one	person	sit	down	and	another	person	stand	behind	them.			The	standing	person	will	hit	the	
tuning	fork	with	a	hammer	move	it	around	the	head	of	the	seated	person.	The	seated	person	must	
point	the	direction	(left	and	right,	up	and	down)	that	they	hear	the	sound	from.	
	

1. How	accurately	was	the	person	able	to	follow	the	sounds?	
	

2. What	is	the	benefit	of	having	2	ears	instead	of	one?		
	

	
Activity	3	conduction	of	sound	through	bone.	
	Have	the	person	pack	their	ears	with	cotton.	Strike	a	tuning	fork	and	
place	it	on	center	of	the	parietal	bone	of	the	volunteer.	Now	repeat	for	
the	occipital	bone.	Lastly,	repeat	for	the	temporal	bone	and	place	the	
tuning	fork	on	the	mastoid	process.			
	

1. Could	the	volunteer	hear	the	tuning	fork?		If	so,	why	do	you	
think	that	was	the	case?	

	
	

2. If	so,	in	which	bone	was	it	the	loudest?	Why	do	you	think	that	
was	the	case?	

	
	

Activity	4:	Balance	I.	
	

1. Have	a	person	stand	against	the	white	board	and	draw	their	outline.		
2. Have	the	person	stand	still	for	1	minute	

	
Could	they	do	it?	
	
Now	have	the	person	close	their	eyes	and	have	them	stand	still	for	1	minute.	
	
Could	they	stay	in	1	place?	
	

	If	not,	what	changed	so	that	they	could	not?	
	
If	they	could,	does	this	person	rely	on	vision	for	balance?	

	
Activity	5	Balance	II.	
Have	a	volunteer	who	does	not	get	motion	sickness	sit	on	lab	chair.		Have	them	touch	close	their	eye	
and	touch	different	parts	of	their	face.		(Hopefully	they	could	do	it.)		Have	the	person	close	their	eyes	
and	spin	them	(CAREFULLY)	on	the	lab	stool	for	1	minute.			Repeat	having	them	touch	different	parts	of	
their	face	
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1. What	happened?	
	

2. Based	on	these	results,	would	you	say	visual	input	is	needed	for	balance?	
	

Now	spin	a	second	volunteer	(again,	one	who	does	not	get	motion	sickens)	on	the	chair	for	1	minute.	
Have	them	then	try	to	walk	in	a	straight	line	with	their	eyes	open?	MAKE	SURE	THEY	DO	NOT	FALL,	Hit	
Anything	or	HURT	THEMSELVES	
	

1. Were	they	able	to	walk	straight?	
	

2. Does	this	change	your	answer	to	the	above	question?	Why	or	why	not?	
	
Activity	6.	Microscopic	structure	of	the	Cochlea.			As	mentioned	above,	the	cochlea	is	filled	with	tiny	
hair	cells	which	serve	as	our	receptors	for	hearing.		Use	the	microscope	that	is	already	set	up.	Draw	
and	label	the	following	structures.			

	
	
Follow	up	Identify	the	structures	on	the	diagrams	below	
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Lab	26	Olfaction	(smell)	and	Gustation	(taste)	
Activity	1.		Nasal	Epithelial	

Olfaction	(smelling)	occurs	in	your	nasal	cavity	
which	is	formed	by	your	ethmoid,	maxillary,	
palatine,	and	inferior	concha	bones.		The	nasal	
cavity	functions	to	condition	air	and	to	house	
chemoreceptors	that	report	on	smells	around	you.			

The	olfactory	nerve	extends	rostrally	from	the	
olfactory	cortex	(frontal	lobe)	and	ends	at	the	
olfactory	bulb.	In	the	olfactory	bulb,	the	neurons	of	
the	olfactory	nerve	junction	with	bipolar	neurons	
which	go	through	tiny	foramen	in	the	ethmoid	bone	
and	enter	the	nasal	cavity.		The	bipolar	cells	extend	
through	the	olfactory	epithelial	and	essentially	
dangle	into	the	nasal	cavity.	The	dendrites	of	the	

bipolar	cells	have	microvili	(sometimes	incorrectly	called	cilia)	
which	extending	the	surface	area	and	have	different	
combinations	of	chemoreceptors	on	them.			

Substances	that	we	breathe	in	dissolve	in	the	mucus	
created	by	the	nasal	cavity.		Different	chemicals	(once	
dissolved)	bind	to	different	chemoreceptors	in	different	
combinations.	As	a	result,	each	substance	excites	a	unique	
response.	The	response	then	goes	directly	to	our	olfactory	
cortex	in	our	brain.		When	it	is	warm,	dissolved	substances	in	
the	air	move	around	more;	therefore,	we	are	more	likely	to	
smell	something.	Furthermore,	when	we	have	a	cold,	the	mucus	in	our	nose	is	too	thick	and	the	
substances	cannot	bind.	
Look	at	the	prepared	mounts	of	the	olfactory	epithelium.	See	if	you	can	find	the	bipolar	cells.		Draw	a	
picture	labeling	the	bipolar	cells	and	supporting	cells	(pseudo	stratified	epithelium),	and	mucus	
producing	goblet	cells.		
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Activity	2	anatomy	of	gestation		
Taste	buds	(gustatory	receptors/buds)	are	chemoreceptors	that	detect	specific	chemicals	and	report	a	
pleasurable	or	un-pleasurable	response	to	the	brain.				Typically	when	we	taste	something,	we	must	also	
smell	it	(which	is	why	warm	food	taste	better).	Our	taste	buds	are	typically	telling	us	if	the	food	is	safe	to	
eat	or	not.		At	least	5	taste	buds	have	been	found	and	we	will	look	at	4	of	those	in	the	next	activity.		

Taste	buds	are	found	on	all	epithelial	surfaces	in	the	
oral	cavity	(mouth)	and	pharynx.		However,	they	are	
most	concentrated	on	the	tongue.		

	If	you	were	to	observe	the	tongue	closely,	you	
would	notice	that	it	is	very	bumpy.	Those	bump	are	
called	papilla.	Different	papilla	are	located	on	different	
parts	of	the	tongue.	Fungiform	papilla	are	located	on	
the	anterior	superficial	surface	of	the	tongue	and	get	
their	names	because	they	are	thought	to	look	like	
mushrooms.		The	few	taste	buds	on	fungiform	papilla	
tend	to	be	on	the	superior	surface.		Posterior	to	the	
fungiform	papilla	are	the	fillform	papilla	which	look	like	
waves,	and	have	no	taste	buds.	Vallate	papilla	are	found	
on	the	back	of	the	tongue	and	there	are	deep	valleys	

between	them.	It	is	in	these	valleys	that	the	taste	buds	are	located.		On	the	posterior	lateral	surface	of	
the	tongue	are	the	foliate	papilla.		These	too	have	valleys	between	them.		

	

	 Taste	buds	are	in	fact	bulbous	arrangements	of	
gustatory	cells	with	long	microvilli	(called	gustatory	hairs)	
extending	from	them.		These	penetrate	through	an	
openings	called	taste	pores	and	come	in	contact	with	
chemicals	dissolved	in	the	saliva	of	the	mouth.		Smaller	
basilar	cells	can	be	seen	at	the	base	of	the	taste	buds.		
Scientists	think	these	become	new	gustatory	cells	but	the	
mechanism	how	still	eludes	them.	
On	the	histological	slide,	find	a	taste	bud	and	draw	it	
below.	
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Activity	3:	Taste	
Taste	buds			are	chemoreceptors	that	are	specialized	to	detect	
certain	chemicals.	There	are	4	tastes	that	are	traditionally	taught	
to	us	in	grade	school.	Those	are	sweet,	sour,	alkaline/bitter,	and	
salty.	A	5th	taste	was	discovered	in	the	1990’s	that	tells	if	certain	
amino	acids	are	presence	and	leads	to	a	savory	or	meaty	taste	to	
food.	This	taste	is	called	uamami.		Scientists	think	that	2	other	
tastes	may	exist.			First,	lipids	seem	to	stimulate	some	factor	in	the	
mouth	and	scientists	are	looking	for	receptors	that	detect	lipids.	
Second,	it	was	thought	to	believe	that	divalent	cations	(iron,	
copper,	calcium,	zinc,	and	magnesium,)	stimulated	their	own	taste	
bud.		However,	some	new	research	has	shown	that	these	may	
instead	activate	both	the	bitter	and	the	salty	taste	buds	which	
result	in	their	metallic	taste.	

	The	taste	buds	for	sugar	(sweet),	uamami	and	salty	let	us	
know	if	a	food	source	contains	nutrients	that	our	body	need.	For	
the	sweet	taste	buds,	the	ring	of	a	sugar	molecule	binds	to	a	
receptor	that	is	attached	to	a	G	protein.	This	is	also	true	for	the	uamami	taste.		The	g	protein	opens	
sodium	channels	and	it	creates	an	action	potential.		For	the	salty	taste,	the	sodium	enters	through	
sodium	leak	channels,	causing	depolarization.			

		We	can	also	detect	sour	tastes.		Substances	that	are	not	ripe	or	that	have	gone	bad	taste	sour	
because	they	are	acidic.		This	is	caused	by	hydrogen	ions	entering	through	hydrogen	channels	causing	
depolarization.			Our	ability	to	detect	a	sour	taste	was	supposed	to	warn	us	that	the	food	was	not	
eatable.	However,	humans	have	developed	a	taste	for	sour	food.		Most	plant	toxins	come	from	a	class	of	
substances	called	alkaloids.		Alkaloids	put	forth	a	bitter	taste	because	they	are	basic.		This	taste	is	
supposed	to	warn	us	not	to	eat	a	food.		Take	caffeine	and	unsweetened	chocolate	for	instance.	Both	of	
those	chemicals	are	in	reality	chemicals	that	were	supposed	to	discourage	herbivores	from	eating	the	
beans	of	the	coffee	and	cacao	plants.			This	taste	bud	too	is	activated	by	a	G	protein.	

	
1. What	are	the	5	principal	tastes	and	why	is	it	important	that	we	can	detect	these	tastes?	

	
	

2. What	are	the	2	ways	that	a	taste	bud	works	to	detect	the	chemical.	(I.e.	how	does	each	taste	
cause	depolarization)	
	
	

3. Mass	produced	American	beer	and	some	distilled	spirits	(cheep	vodka)	taste	horrible	warm	yet	
they	do	not	taste	bad	cold.	What	is	the	reason	for	this?	(Hint,	look	at	part	1	of	this	lab)	
	

Over	the	course	of	the	last	century,	an	incorrect	picture	of	the	distribution	of	our	taste	buds	has	
arisen.	That	is	because	in	part	by	faulty	research	by	Haing	in		1901	and	misinterpretation	of	research	
done	by	Boring	in	1942.		Finally	in	the	mid	70’s	the	work	of	Haing	and	Boring	was	reexamined	and	a	
more	accurate	picture	was	painted	for	the	distribution	of	taste	buds.	It	turns	out	that	any	were	“taste	
buds”	are	found	you	can	detect	the	all	of	the	basic	tastes.		However,	the	strength	of	those	tastes	vary	
from	place	to	place	(http://www.livescience.com/health/060829_bad_tongue.html,	2010)	
The	purpose	of	this	experiment	is	to	prove	that	all	of	the	basic	tastes	can	be	tasted	everywhere	there	
are	tastebuds.	
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Procedure:	Each	person	in	the	group	will	test	a	different	substance.			Dab	a	clean	q-tip	into	the	solution	
and	then	place	it	on	the	different	parts	of	the	tongue.	It	helps	if	the	tongue	is	wiped	with	a	paper	towel	
inbetween.	Rate	the	strength	of	a	taste	from	Strong	+++	to	mild	+++	to	weak	+	to	non	existant	

Substance	 Anterior-
superior	

Anterior	
Lateral	

Posterior	
superior	

Posterior	lateral	 Soft	
palette		

Cheek	

A	 	 	 		 	 	 	
B	 	 		 	 	 	 	
C	 	 	 	 	 	 	
D	 	 	 	 	 	 	
E	 	 	 	 	 	 	

Follow-up	1:	Identify	the	structures	on	the	diagram	 	 			
A. __________	

	
B. __________	

	
C. __________	

	
D. __________	

	
E. __________	

	
	
	
Followup	3:	Draw	a	taste	bud.	Label	the	taste	pore,	the	gustatory	cells,	and	the	basal	cells.		

E 
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Lab	27	Endocrine	system	Anatomy		
Introduction	 	

The	endocrine	system	is	responsible	for	the	long	term	maintenance	of	homeostasis	in	
the	body.		The	endocrine	system	is	composed	of	ten	glands	(11	if	you	count	the	thymus)	that	
produce	chemical	messengers	called	hormones.	The	hormones	are	released	directly	into	the	
blood	where	they	(the	hormones)	travel	to	cells	with	receptors	that	are	specific	to	those	
hormones.		This	is	different	from	exocrine	glands	in	2	ways.	First,	exocrine	glands	release	their	
secretions	through	ducts	and	secondly,	exocrine	secretions	tend	not	to	be	chemical	
messengers.	

	This	lab	will	deal	with	glands	(organs)	that	
predominantly	produce	hormones.	In	reality,	the	
stomach,	the	heart,	the	kidneys,	and	even	the	
intestines	create	hormones	that	play	a	role	in	
homeostatic	balance.			

The	first	three	glands	we	will	discuss	are	
located	in	the	brain.	If	you	recall	from	the	lab	on	the	
anatomy	of	the	brain,	the	diencephalon	sits	in	the	
center	of	the	brain	and	is	made	up	of	the	thalamus	
and	hypothalamus.		The	thalamus	is	the	main	relay	
point	for	afferent	(sensory)	nerve	signals	in	the	brain	
and	hypothalamus	monitors	those	signals	closely.	If	
the	hypothalamus	detects	a	significant	deviation	from	
a	set	point,	it	produces	hormones	called	tropic	
hormones.	These	tropic	hormones	go	to	the	pituitary	
gland,	which	is	located	inferior	to	the	hypothalamus	
in	the	sphenoid	bone,	via	a	very	small	portal	vein	and	

signal	the	anterior	pituitary	gland	to	start	making	1	or	more	hormones.		In	the	picture	you	will	
notice	the	infundibulum	connecting	the	hypothalamus	and	the	pituitary	gland.		The	
infundibulum	(aka	pituitary	stalk)	contains	axons	that	go	
to	from	centers	of	the	hypothalamus	to	the	posterior	
pituitary	gland.		As	a	result,	the	posterior	pituitary	gland	
resembles	white	matter	since	it	consists	of	axon	bulbs	that	
release	their	neurotransmitters	directly	into	the	blood.		
The	pineal	gland	is	also	part	of	the	diencephalon.		The	
pineal	gland	receives	sensory	information	from	the	eyes	
and	helps	establish	circadian	rhythms	(day	night	cycles).	It	
does	so	via	the	hormone	melatonin	which	is	produced	at	
night.		

The	thyroid	gland	is	located	in	the	neck	below	the	
larynx	and	it	wraps	around	the	anterior	trachea.		The	
thyroid	gland	produces	an	iodine	containing	hormone	
called	thyroid	hormone	or	thyroxine.	This	hormone	is	vital	
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for	the	driving	your	metabolism	and	raising	your	metabolic	rate.		Therefore,	lack	of	iodine	
during	development	leads	to	poor	brain	development	and	lethargy	in	adults.		Lack	of	iodine	is	
responsible	is	the	main	cause	for	thyroid	goiters	(swelling).		The	thyroid	gland	also	produces	
calcitonin	which	is	responsible	for	increasing	the	deposition	of	calcium	into	bone	which	in	turn	
lowers	blood	calcium.		Behind	the	thyroid	gland	are	the	4	pea	size	parathyroid	glands.	These	
glands	are	vital	for	maintaining	a	minimum	blood	calcium	levels	via	the	production	of	
parathyroid	hormone.		This	hormone	increases	uptake	of	calcium	in	the	kidneys	and	intestine	
as	well	as	increases	the	activity	of	osteoclasts	which	break	down	bone	releasing	calcium	in	the	
process.	Removal	of	the	parathyroid	glands	will	result	in	death	due	to	spasms	of	the	diaphragm.			

	The	adrenal	glands	and	the	
pancreas	are	both	located	deep	in	
the	abdominal	cavity.		The	pancreas	
is	located	posterior	and	inferior	to	
the	stomach	and	is	responsible	for	
producing	2	hormones	that	help	
regulate	blood	sugar.	The	pancreas	
releases	insulin	in	response	to	high	
blood	sugar	and	causes	muscle	and	
adipose	cells	to	take	in	glucose	and	
amino	acids.	Glucagon	is	produced	
in	response	to	low	blood	sugar.		

Glucagon	causes	the	liver	to	release	glycogen	stores	into	the	body	and	to	produce	new	glucose	
from	certain	amino	acids.	The	adrenal	glands	are	located	superior	to	the	kidneys.		The	adrenal	
glands	are	divided	into	a	cortex,	that	produces	steroid	hormones,	and	a	medulla	that	resembles	
nervous	tissue	and	produces	adrenalin	(epinephrine).		

The	thymus	is	often	included	with	endocrine	glands	and	it	is	located	on	the	anterior	
surface	of	the	heart.		The	thymus	produces	4	hormones	that	assist	in	the	production	and	
maturation	of	T	lymphocytes.	
	
Part	1	Histology	of	the	pituitary	gland	

The	pituitary	gland	is	made	located	inferior	to	the	hypothalamus	and	sits	in	the	sella	
turcica	of	the	sphenoid	bone.			It	is	attached	via	a	structure	called	the	pituitary	stalk	or	
infundibulum	which	consists	of	axons	leading	from	the	hypothalamus	to	the	posterior	
pituitary	gland.		Therefore,	it	is	not	surprising	that	the	posterior	pituitary	gland	resembles	
white	matter	under	the	microscope	and	is	called	the	pars	nervosa.	The	axons	that	descend	
from	the	hypothalamus	terminate	in	the	pars	nervosa	and	release	their	hormones	into	the	
blood	stream.		One	of	those	hormones	is	oxytocin	which	causes	uterine	contraction	and	the	
release		(let	down)	of	milk.	Oxytocin	has	also	been	associated	with	bonding	in	humans.	The	
other	hormone	produced	from	the	posterior	pituitary	gland	is	anti-diuretic	hormone	(aka	
vasopressin).	This	causes	the	uptake	of	water	in	the	collecting	ducts	of	the	kidneys	which	
causes	an	increase	in	blood	pressure.		The	anterior	pituitary	resembles	normal	glandular	tissue	
and	is	called	the	pars	distalis.	The	pars	intermedia	is	the	transition	between	the	two.	
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Activity	1	Look	at	the	pituitary	gland	under	low	power.	Label	the	Pars	Nervosa	(nervous	tissue)	
Pars	Distalis	(glandular	tissue)	and	Part	Intermedia	

	
	
	
Part	1a	the	Anterior	Pituitary	Gland.	
Under	high	power,	and	the	proper	staining,	you	will	
notice	that	there	are	three	different	types	of	cells	
found	in	the	glandular	tissue	of	the	anterior	
pituitary	gland.	The	first	of	type	of	cells	are	called	
acidophils	because	they	stain	red	when	given	an	
acidic	dye	called	eosin.	In	really	there	are	two	
different	types	of	acidophils	which	are	
indistinguishable.		The	first	type	produces	prolactin	
which	causes	the	production	of	milk	in	women	and	
diminishes	the	sex	drive	and	production	of	
luteinizing	hormone	in	both	sexes.		The	second	
type	of	acidophil	produces	growth	hormone	which	
stimulates	an	increase	in	bone	and	muscle	mass	(including	the	heart)	and	increase	the	
production	of	proteins.	The	second	type	of	cells	stain	blue	when	given	a	basic	stain	and	are	
therefore	called	basophils	(not	to	be	confused	with	the	white	blood	cell.)	Like	the	acidophils,	
the	basophils	are	really	several	different	types	of	cells.	However,	these	cells		stain	blue	and	are	
also	indistinguishable	from	each	other.		The	basophils	all	produce	tropic	hormones	which	affect	
other	endocrine	structures.		Those	hormones	are	thyroid	stimulating	hormone,	Follicle	
stimulating	hormone,	Luteinizing	hormone,	and	adrenocorticotropic	hormone.	Chromophobes	
are	cells	that	do	not	stain.	They	are	believed	to	be	either		burnt	out	or	non	functioning	
acidophils	or	basophils.	
Look	at	the	anterior	pituitary	under	high	power.	Try	to	identify	the	acidophils	and	the	basophils	
(Hint	the	acidophils	are	red	and	the	basophils	are	blue.)		You	should	also	be	able	to	find	the	
chromophobes	which	do	not	stain.	
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Part	2	the	Thyroid	and	parathyroid	Glands	
	 The	thyroid	gland	consists	of	two	lobes	connected	by	an	isthmus.	These	lobes	are	
located	under	the	thyroid	cartilage	of	the	neck	and	as	stated	above	iodine	deficiencies	cause	
swellings	of	these	glands	called	goiters.		When	observing	the	thyroid	under	the	microscope,	the	
thyroid	follicles,	surrounded	by	the	follicular	cells,	are	the	most	prominent	structure.		The	
follicular	cells	produce	the	precursors	of	thyroid	hormone	and	store	the	precursors	in	the	
thyroid	follicles.		Upon	being	stimulated,	by	thyroid	stimulating	hormone,	the	components	of	
thyroid	hormone,	including	iodine,	are	assembled	together	and	released.		This	is	why	a	
deficiency	of	iodine	causes	a	goiter.		Between	the	thyroid	follicles	you	will	observe	the	
parafollicular	cells.	These	cells	produce	calcitonin	which	is	a	hormone	that	increases	the	
activity	of	osteoblasts	in	your	bone.		The	end	result	is	to	lower	your	blood	calcium	levels	and	to	
increase	bone	density.			

The	4	pea	size	parathyroid	glands	are	located	on	the	posterior	surface	of	the	thyroid	
gland.		Oven	the	parathyroid	glands	can	be	observed	on	a	microscope	section	with	the	thyroid	
gland	because	of	the	location	of	the	two	glands.		There	are	two	sets	of	cells	in	the	parathyroid	
glands.	Chief	cells	are	small	cells	with	distinct	circular	nuclei	and	a	transparent	cytoplasm.	They	
produce	parathyroid	hormone	which	functions	to	maintain	blood	calcium	above	7	mg/dl.		
Parathyroid	hormone	does	this	by	increasing	the	activity	of	bone	eating	osteoclasts	as	well	as	
increasing	the	absorption	of	calcium	in	the	intestines	and	reabsorption	in	the	kidneys.		You	will	
also	observe	the	larger	oxyphils	cells	that	stain	pinkish.	Their	function	is	unknown	but	it	has	
been	proposed	that	oxyphils	are	burnt	out	or	non	functioning	chief	cells.		
Draw	and	identify	the	follicle	(which	houses	the	precursors	to	TH),	the	follicular	cells	and	
parafollicular	cells	(which	make	parathyroid	hormone).	

	
	
	
	
	
	
	
	
	

Draw	and	identify	the	chief	cells	and	the	larger	oxyphils.	
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Part	3	the	abdominal	endocrine	organs	
			The	pancreas	and	the	adrenal	glands	are	both	
located	on	the	posterior	wall	of	the	abdominal	
cavity.	The	adrenal	glands	are	superior	to	the	
kidneys	while	the	pancreas	is	inferior	and	
posterior	to	the	stomach.		

The	pancreas	is	a	mixed	gland	meaning	it	
has	both	endocrine	and	exocrine	tissue.	When	
look	at	the	pancreas	under	the	microscope	you	
will	see	numerous	pancreatic	acini	cells	that	
produce	pancreatic	juice	which	aids	in	digestion.		
The	pancreatic	juice	exits	through	ducts	(seen	
right)	and	enters	the	small	intestine.	Interspaced	
among	the	acini	cells	are	clumps	that	look	like	
islands.	These	clumps	are	the	pancreatic	islet	
cells	(a.k.a.	islets	of	Langerhans)	and	they	produce	the	endocrine	hormones	of	the	pancreas.	
Alpha	cells	produce	the	hormone	glucagon	which	is	released	in	response	to	LOW	blood	sugar.		
As	a	result	of	glucagon	secretion,	the	liver	releases	its	glycogen	stores,	in	the	form	of	glucose,		
and	produces	new	glucose	from	select	amino	acids.		Glucagon	also	causes	catabolic	reactions	in	
the	adipose	tissue	resulting	in	more	free	fatty	acids	circulating	as	well.	Insulin	is	released	as	a	
result	of	high	blood	sugar	and	is	produced	in	by	the	beta	cells.	Insulin	causes	glucose	and	amino	
acids	to	be	taken	up	by	muscle	and	adipose	tissue	and	it	also	causes	an	increase	in	anabolic	
reactions	within	cells.		
	

The	adrenal	glands	rest	on	the	
superior	surface	of	the	kidneys	and	they	
are	in	reality	2	glands.	In	the	center	of	the	
adrenal	gland	is	called	the	adrenal	
medulla	and	composed	of	nervous	tissue.			
Axons	from	the	sympathetic	nervous	
system	stimulate	chromafin	cells	to	
produce	adrenalin	(epinephrine)	and	
noradrenalin	(nor	epinephrine).	These	
two	hormones	have	the	same	effect	as	
the	neurotransmitters	of	the	same	name;	

however,	the	effects	are	much	longer	lasting	because	they	are	released	more	slowly.	
	 The	adrenal	cortex	produces	steroid	hormones.	In	reality,	the	adrenal	cortex	produces	
over	20	different	steroid	hormones	and	stimulation	of	the	cortex	by	ACTH	(made	in	the	
pituitary)	causes	an	increase	in	production	of	all	of	them.		
	 The	cortex	can	be	divided	into	3	visible	zones,	so	counting	the	capsule	and	medulla	the	
adrenal	gland	has	5	different	visible	layers.	The	outermost	zone	is	called	the	zona	glomerulosa.		
This	zone	is	responsible	for	producing	hormones	that	regulate	fluid	volume	and	electrolyte	
concentration.	The	principal	steroid	hormone	produced	from	this	region	is	aldosterone.	
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Aldosterone	causes	the	distal	convoluted	tubule	of	the	nephron	to	retain	more	sodium	at	the	
loss	of	a	2	thirds	less	potassium.		Since	water	follows	sodium,	water	is	drawn	out	of	the	distal	
convoluted	tubule	and	back	into	capillaries	of	the	kidney.	Since	all	the	hormones	of	this	region	
deal	with	fluid	and	mineral	balance,	they	are	collectively	called	minneralcorticoids.	The	second	
and	largest	of	the	zones	is	the	zona	fasciclata.		This	zone	produces	hormones	that	help	us	deal	
with	stress	called	Glucocorticoids.			The	glucocorticoids	increase	blood	glucose,	fatty	acid,	and	
amino	acid	levels	thus	providing	the	body	with	ready	energy	sources	needed	for	emergency	
situations	or	repair.	Because	the	glucocorticoids	raise	blood	glucose	levels,	they	also	inhibit	
insulin.	That	is	why	people	who	under	stress	a	lot	are	predisposed	towards	being	pre-diabetic.	
Lastly,	they	inhibit	inflammation,	take	away	pain,	and	suppress	the	immune	system.		You	have	
most	likely	taken	hydrocortisone	(cortisol)	to	relieve	inflammation,	pain,	and	allergy	symptoms	
(an	acute	immune	response);	therefore,	you	should	not	be	surprised	that	cortisol	is	the	major	
glucocorticoids.	
	 The	last	zone	is	called	the	zona	reticularis.	It	is	a	relatively	small	region	and	is	
responsible	for	creating	sex	hormones.		In	both	sexes	it	produces	predominately	androgens	
(testosterone	and	friends).	In	women,	the	majority	is	then	converted	to	estrogens	though	they	
may	have	some	androgens	circulating	in	their	blood	(it	helps	with	the	sex	drive	in	both	sexes).	
In	men,	the	majority	is	released	into	the	blood	while	a	very	small	amount	gets	converted	to	
other	sex	steroids	including	estrogen.		Please	note	that	the	amount	of	sex	hormones	produced	
by	this	zone	is	very	small	compared	to	that	of	the	gonads.		This	amount	is	almost	
immeasurable.	Because	the	hormones	here	are	produced	in	amounts	in	the	gonads,	we	will	
discuss	them	in	the	reproductive	system	chapter.	
	
Part	3a	Pancreas:	Islets	of	Langerhans	
Draw	and	identify	the	pancreatic	islets	cells,	and	the	pancreatic	acini	cells.	
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Part	3b	The	Adrenal	Glands:	
	Identify	the	medulla,	cortex	and	capsule	under	low	power.	Under	high	
power,		In	the	cortex,	identify	the		zona	glomerulosa,	zona	fasiculata	
amd	the	zona	reticularis.	
	
	
	
	
	
	
	
	
	
	
Low	power	 																																																																							High	power	
	
	
	

	
	
Followup	2	:	Hormones	and	secretions.		Complete	the	chart	based	on	information	from	the	
introduction	
Gland	 Hormone	 Effects/functions	
Posterior	
pituitary	
	

Oxytocin		
	

	

ADH/	Vasosporen	 		
Anterior	
Pituitary	

Growth	Hormone	 	
	
	

Adrenal	Cortex	
Stimulating	Hormone	
(ACTH)	

	

Thyroid	Stimulating	
Hormone	(TSH)	

	

Follicle	stimulating	
hormone	(FSH)	

Females:	Maturation	of	follicles	and	stimulate	estrogen	
production	
Males:	Maturation	of	Sperm	

Luteinizing	hormone	
(LH)	
	

Females:	Signals	ovulation.	
Males:	Produces	testosterone.		

Prolactin	 Prolactin	 	
Thyroid		 Thyroid	Hormone	 	
Thyroid	 Calcitonin	 	
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Parathyroid	 Parathyroid	Hormone	 	
Pancreas	
Alpha	cells	

Glucagon	
	

	

Pancreas	
Beta	Cells	

Insulin	 	

Adrenal	
Medula	

Epinephrine	and	Nor	
epinephrine				

		

Adrenal	
Cortex	
	

Aldosterone	 		
Cortisol	 	

	
Sex	hormones	 Cause	secondary	sex	characteristics	to	start	at	puberty.	

Sex	drive	in	women		
Pineal		 Melatonin		 		
	
Follow	up	1	Location	of	endocrine	glands		
Based	on	the	information	in	the	introduction,	locate	and	identify	the	major	endocrine	glands.	

	
	
	
	
	
	
	
	
	

1. __________________						4.	__________________												7._________________	
	

2. __________________					5.__________________													8.	_________________	
	

3. _________________							6.	__________________	
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Lab	28	Blood	
Overview:	Blood	is	fluid	connective	tissue.	The	matrix	is	
made	up	of	blood	plasma	which	contains	nutrients,	
waste	products,	respiratory	gasses,	ions,	and	blood	
proteins.		The	living	or	cellular	component	of	blood	is	
referred	to	as	the	formed	elements	and	is	made	up	of	
red	blood	cells(erythrocytes),	white	blood	
cells(leukocytes),	which	are	typically	clear	until	a	stain	is	
applied	to	them,	and	cellular	fragments	called	platelets.			
If	you	recall	from	when	you	were	learning	about	tissue	
types,	that	connective	tissues	protect	the	body.		Blood	

accomplishes	this	two	ways.	The	first	is	hemostasis	(blood	clotting)	and	this	prevents	the	loss	of	
fluid	when	we	get	injured.	The	second	way	blood	protects	our	bodies	is	through	leukocytes.	
These	blood	cells	are	attracted	to	damaged	or	infected	tissue	and	serve	as	part	of	our	immune	
system.	Since	the	5	types	of	leukocytes	must	defend	our	body,	they	must	be	capable	of	
independent	movement,	be	able	to	leave	the	circulatory	system,	and	be	able	to	self	replicate	
if	needed.		
		The	5	types	of	leukocytes	are	divided	into	
granulocytes	(those	with	visible	granules	when	
stained)	and	agranulocytes	(no	visible	granules).	
Granulocytes	are	made	up	of	neutrophils,	which	
fight	off	bacterial	infection	via	phagocytosis,	
eosinophils,	which	fight	off	parasitic	infections,	
and	basophils,	which	produce	histamine	and	help	
to	prevent	blood	clotting.		Monocytes	do	not	have	
visible	granules.		They	ingest	fragments	from	
bacteria	and	viruses	and	present	them	to	

lymphocytes	which	play	a	role	in	specific	immunity.	Most	
monocytes	leave	the	blood	stream	and	become	fixed	in	
tissue	as	macrophages	and	dendritic	cells.	If	we	were	to	
lump	the	different	classes	of	lymphocytes	together	for	the	
sake	of	simplicity,	we	could	say	that	lymphocyte	produce	
antibodies	(Ig	in	picture	left)which	are	specialized	proteins	
that	seek	out	a	specific	foreign	invader	in	order	to	
neutralize	or	destroy	that	foreign	invader.	Antibodies	
recognize	the	foreign	invader	via	unique	cell	markers,	
typically	glycoproteins	or	glycolipids,	called	antigens.		Each	
lymphocyte	only	produces	1	type	of	antibody	and	therefore	
each	lymphocyte	seeks	a	specific	antigen.	Because	of	that	

fact,	lymphocytes	are	part	of	specific	immunity	while	all	of	the	other	leukocytes	are	part	of	
non-specific	immunity,	the	branch	of	the	immune	system	that	seeks	out	any	invader	regardless	
of	antigen.	All	of	our	cells	have	antigens	too.	These	antigens	are	called	self	antigens.	
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Lymphocytes	that	could	attack	our	self	antigens	were	destroyed	by	our	thymus	and	spleen	
while	we	were	children.	Therefore,	unless	you	get	an	auto-immune	disease,	such	as	lymphoma,	
your	lymphocytes	ignore	your	own	cells.	
	 	That	brings	us	to	blood	typing.		Human	red	blood	cells	typically	have	1	of	4	antigens	on	
them	(therefore,	the	antigens	are	not	unique	antigens.)		The	simplest	antigen	to	describe	is	
the	Rh	antigen	which	is	now	called	blood	cell	antigen	D.	Over	85	%	of		people	worldwide	
possess	this	antigen	while	the	remainder	do	not.	Therefore,	people	with	this	antigen	are	said	to	
be	Rh	+	while	people	without	this	antigen	are	Rh-.	As	a	result,	people	that	have	the	antigen	will	
not	make	antibodies	since	the	lymphocytes	that	would	make	those	antibodies	were	destroyed	
during	development	by	the	thymus.	People	that	are	Rh-can	make	antibodies	if	they	are	
exposed	to	the	antigen	since	they	still	possess	those	lymphocytes.	Please	note	this	is	how	
acquired	immunity	develops.	

The	remaining	3	antigen	are	part	of	the	ABO	system.		While	most	people	believe	that	
people	with	blood	type	O	have	no	antigen,in	reality	they	do	have	a	oligosaccharide	antigen,	
and	this	antigen	is	the	foundation	for	the	other	2	blood	antigen.	Because	of	this	fact,	no-one	

makes	antibodies	for	the	O	antigen	and	blood	type		
O	is	the	universal	donor.			The	other	two	antigens	
have	an	additional	compound	attached	to	the	
oligosaccharide	chain	of	the	O	antigen.	People	with	
blood	type	O	also	make	antibodies	for	the	other	2	
blood	types.	If	you	notice	in	the	picture,	the	A	
antigen	has	the	addition	of	a	gold	diamond	and	the	
B	antigen	has	an	additional	blue	diamond.		

Because	of	this	difference,	people	with	the	A	antigen	make	antibody	for	B	and	people	with	the	
B	antigen	make	the	antibody	for	A.	Therefore,	Blood	type	A	can	only	receive	blood	from	
themselves	and	blood	type	O	and	blood	type	B	can	receive	blood	only	from	blood	type	B	and	
blood	type	O.	As	you	can	see	from	the	picture	above,	people	with	blood	type	AB	really	have	
both	the	A	and	the	B	antigen.	Therefore,	they	make	no	antibodies	and	can	receive	blood	from	
everyone	making	them	the	universal	recipient.		
Pre-lab		Fill	in	the	following	chart	based	on	the	information	above	

Blood	Type	 Antigen	 Antibody	 Can	donate	to	 Can	receive	from	
A	 	 	 	 	
	 B	 	 	 	
	 A	and	B	 	 AB	 	
	 	 A	and	B	 	 O	

	
Prelab	2	practice	reading	of	blood	type	tests.	
Later	in	the	lab,	you	will	be	performing	simulated	blood	type	testing	which	you	will	have	
to	analyze	the	results	of.		The	test	kit	we	will	use	look	something	like	the	picture	to	the	
left.	The	test	plate	has	3	“wells”	on	it.		3	drops	of	the	test	subject’s	blood	is	placed	in	
each	well.	You	then	add	the	corresponding	antibody	to	the	well.	You	will	add	the	A	
antibody	to	the	A	well,	the	B	antibody	to	the	B	well	and	the	RH(D)	antibody	to	the	RH	
well.	If	there	is	agglutination	(a	clumping	of	the	blood	sample),	it	means	that	the	
blood	in	question	possess	that	antigen.			
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Look	at	the	example	to	the	left.		There	is	agglutination	in	both	the	B	and	the	RH	wells	but	no	
agglutination	in	the	A	well.	That	means	that	the	person	in	question	possesses	the	B	and	RH	
antigens	but	not	the	A	antigen.	Their	blood	type	would	be	B+	
Practice	using	the	samples	on	the	next	page.	The	A	column	represents	the	A	well,	the	B	column	
represents	the	B	well	and	the	RH/D	column	represents	the	RH	well.		

	
	=Agglutination.																																				 =	No	agglutination.	
	(Antigen	is	present)																																									 (antigen	is	not	present)	

A	 B	 RH/D	 Blood	type	 A	 B	 RH/
D	

Blood	type	

	 	 	 A-	 	 	 	 B+	

	 	 	
	

	 	 	
	

	 	 	
	

	 	 	
	

	 	 	
	

	 	 	
	

	
Part1	Blood	typing:	who	killed	Major	Relish.		Last	Sunday	night,	there	was	a	party	Grayskull	
Manor	in	honor	of	Lord	Polymetropolis.		During	the	course	of	the	night,	someone	hit	Major	
Relish,	a	well	known	philanthropist,	with	a	7-iron,	crushing	his	occipital	bone	and	lobe.	On	the	7	
iron,	2	blood	samples	were	found.		The	first	was	Major	Relish’s	blood,	which	is	B+.		The	other	
blood	sample	is	that	of	the	killer.		4	people	were	seen	arguing	with	Major	Relish	at	various	
times	in	the	night.	Mr.	Smith	is	an	actor	and	an	aspiring	singer	who	was	trying	to	get	Major	
Relish	to	bankroll	a	project.	Mr.	Jones	is	a	golf	buddy	of	Major	Relish.	Often	Mr.	Jones	and	
Major	Relish	play	a	high	stakes	skins	games.	Mr.	Green	was	envious	of	the	major’s	wife.	Mrs.	
Brown	is	said	to	be	the	Major’s	mistress.	But	that	has	never	been	proven.	
All	four	were	all	required	to	submit	a	blood	sample	in	order	to	prove	innocence	or	guilt.	
Perform	the	blood	typing	tests	and	write	down	the	results.	Put	a	+	if	the	result	was	positive	
for	that	antigen.	Put	a	–	if	the	result	was	negative.	
Name	 Anti	A	 Anti	

B	
Anti	
RH	

Blood	
Type	

Name	 Anti	
A	

Anti	
B	

Anti	
RH	

Blood	
Type	

Major	Relish		 -	 +	 +	 B+	 Killer	 +	 -	 +	 A+	

Mr.Smith	 	 	 	 	 Mr.	Green	 	 	 	 	
Mr.	Jones	 	 	 	 	 Mrs.	Brown	 	 	 	 	
1.	Who	is	the	killer?		How	do	we	know	that?	
	
2.	Which	person	above	is	the	universal	donor?	
	
3.	Which	person	is	the	universal	recipient?	
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Part	2	Hematocrit		
	 Your	hematocrit	is	the	amount	of	red	blood	cells	
that	you	have	relative	to	your	blood	plasma.	It	is	obtained	
by	centrifuging	a	sample	of	blood	and	separating	it	into	
red	blood	cells	and	plasma.	(Note,	leukocytes	and	platelets	
form	a	thin	buffy	coat	between	the	two).	It	is	of	interested	
because	it	tells	the	ratio	of	red	blood	cells	to	plasma	which	
reflects	your	ability	to	deliver	oxygen	to	cells.	However,	it	
does	not	tell	you	your	total	hemoglobin	concentration.	
Typically	men	have	a	hematocrit	between	42	and	54	while	

women	have	a	hematocrit	between	38	and	46.		
	 An	abnormally	low	hematocrit	is	a	sign	of	anemia.	You	are	all	familiar	with	iron	deficient	
anemia.			However,	people	who	are	over	hydrated	would	also	test	as	anemic.		That	is	because	
the	ration	of	plasma	to	cells	would	increase	due	to	their	overhydration.	Pregnant	women	also	
get	anemia.		This	is	due	to	increased	fluid	levels	in	their	body	plus	increased	dissolved	
substances	in	their	blood.			Furthermore,	people	who	have	lost	blood	(either	through	giving	
blood	or	bleeding)	will	have	a	low	hematocrit.	
	 An	elevated	hematocrit	would	be	a	hematocrit	greater	than	the	normal	range.		Typically	
the	blood	becomes	more	viscous	which	makes	the	heart	pump	harder	to	move	the	blood.		An	
elevated	hematocrit	can	be	a	sign	of	dehydration,	blood	doping	(when	an	athlete	stores	their	
own	blood	and	reinjects	it	prior	to	an	event)	or	some	diseases.		
The	hematocrit	does	not	tell	you	your	total	hemoglobin	concentration.	Normally	a	test	can	be	
done	but	it	takes	time	and	the	chemicals	are	expensive.	However,	your	hematocrit	is	typically	3	
times	your	hemoglobin	count	in	g/100ml.	Estimate	what	each	person’s	hemoglobin	is	based	on	
their	hematocrit	based	on	that.	
To	measure	hematocrit.	
1. Measure	the	formed	elements	blood	of	sample	1	and	the	entire	volume	of		a	sample	1.	
2. Divide	the	blood	by	the	entire	volume	(small	number	over	large)	and	multiple	by	100,	

a. Record	the	value	
3. Repeat	for	other	3	
	
	 1	Lance	 2	Bob	 3	Nicole	 4	Sarah	
Sex	 Male	 Male	 Female	 Female	
Hematocrit	 	 	 	 	
Meaning	 	 	 	 	
Hemoglobin	count	Hematocrit	x3	 	 	 	 	

1. Which	person	was	anemic?	Why	do	you	say	that?	
	

2. Which	person	is	“elevated”	Why?	
	

3. Which	people	were	normal?	
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Part	3	Normal	White	Blood	cells.	
As	mentioned	in	the	introduction,	our	leukocytes	play	a	role	in	both	specific	and	non-specific	
immune	responses.			The	purpose	of	this	activity	is	to	observe	the	different	leukocytes	and	get	
a	basic	understanding	of	the	cells.		
A. Neutrophils:	Neutrophils	are	the	most	abundant	but	shortest	lived	of	the	leukocytes.	

Neutrophils	are	identifiable	by	visible	granules	and	multi-lobed	nuclei.	Neutrophils	tend	to	
be	slightly	bigger	than	red	blood	cells.	Neutrophils	are	the	marines	of	our	body.	Neutrophils	
seek	out	foreign	bacteria	(both	in	and	outside	of	circulation)	and	engulf	them	via	
phagocytosis.		Often	as	a	result	of	toxins	produced	by	the	bacteria,	the	neutrophils	are	
killed	in	the	process.	Neutrophils		are	antigen	independent.	That	is,	neutrophils	attack	any	
foreign	invader	and	are	therefore	part	of	non	specific	immunity.		Draw	a	neutrophil	as	seen	
on	blood	smear.	Try	to	make	it	as	big	as	possible.	

	
	
	
	
	
	
	
	

	
	

B. Monocytes:	Like	neutrophils,	monocytes	are	phagocytic	cells	that	are	non-specific.	
However,	Monocytes	show	up	towards	the	end	of	an	infection	and	they	engulf	fragments	of	
damaged	cells.	Monocytes	will	then	display	any	foreign	antigens	on	their	cell	membrane	
and	present	the	foreign	antigens	to	T	lymphocytes.		Therefore,	monocytes	are	antigen	
presenting	cells	that	play	a	role	in	both	specific	and	non-specific	immunity.	Monocytes	are	
the	largest	of	the	leukocytes	at	almost	3	times	the	size	of	a	red	blood	cell.		Monocytes	may	
leave	circulation	and	mount	themselves	in	tissues	and	become	macrophages	or	dendritic	
cells.		Monocytes	also	lack	visible	granules.			

	
	
	
	
	
	
	
	
	
	
	

C. 	Lymphocytes	are	the	other	type	of	agranulocyte.	Lymphocytes	are	the	smallest	of	the	
leukocytes	(just	larger	than	a	red	blood	cell)	and	their	nucleus	takes	up	most	of	their	
cytoplasm.	Lymphocytes	are	also	the	second	most	abundant	of	the	leukocytes	(with	the	
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monoocytes	being	the	third.)		Lymphocytes	play	a	role	in	specific	immunity.	Each	
lymphocyte	“looks	for	1	specific	antigen	and	when	the	lymphocyte	finds	the	antigen	or	is	
presented	with	that	antigen,	the	lymphocyte	will	undergo	cellular	division.	The	clones	from	
this	cellular	division	will	then	seta	bout	to	destroy	the	antigen.	Some	of	the	clones	will	
become	long	lived	cells	called	memory	cells	which	can	survive	for	years,	still	hunting	that	
antigen.	Lymphocytes	are	divided	into	B	cells,	which	mature	in	the	bone	marrow,	and	T	
cells,	which	mature	in	the	thymus.		B	cells	produce	antibodies.		If	you	recall	from	the	
introduction,	each	antibody		is	attuned	to	a	specific	antigen.	Therefore,	1	line	of	B	cells	that	
you	have	does	nothing	but	look	for	chickenpox	and	it	is	useless	against	all	other	invaders.		T	
cells	must	have	the	antigen	presented	by	an	antigen	presenting	cell.	However,	once	
presented	with	the	antigen,	some	T	cells	can	produce	a	hormone	that	attracts	other	to	the	
site	of	the	infection.	

	
	
	

	
	
	
	

	
D. The	last	two	leukocytes	are	quite	rare.	Eosinophils,	which	

stain	red	with	a	barbell	shaped	nucleus,	are	produced	in	
large	amounts	in	response	to	parasitic	infections	(such	as	
tape	worm).	The	granules	of	the	eosinophils	contain	numerous	enzymes	for	parasite	as	well	
as	to	signal	for	other	cells	to	come.		Eosinophils	make	up	about	6	percent	of	leukocytes.	
Basophils	rarest	of	the	leukocytes.		Like	the	eosinophils,	basophils	have	a	barbell	shaped	
nucleus;	however,	traditional	staining	methods	cause	the	granules	to	become	so	dark	that	
they	obscure	the	nucleus.		Basophils	play	a	role	in	inflammatory	response.	

	
	
	
	
	
	
	
	

	
Part	4	Abnormal	blood	samples	and	blood	disorders:	We	will	have	the	opportunity	to	look	at	
some	blood	abnormalities	as	well.	The	eocinophil	slide	above	is	really	eosinophilia	which	is	an	
increase	in	eosinophils	caused	by	a	parasitic	infection,	hay	fevers,	allergies,	or	some	
autoimmune	disease.		In	this	section	we	will	look	briefly	at	a	few	others.		Sickle	Cell	Anemia	is	
causes	by	a	recessive	gene	mutation	to	part	of	the	hemoglobin	molecule.	This	causes	the	
hemoglobin	under	low	oxygen	conditions	to	deform	causing	the	red	blood	cell	to	become	sickle	
shaped.			Iron	deficient	anemia	is	caused	by	not	enough	dietary	iron	over	a	long	period.	The	
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blood	red	blood	cells	become	small	and	light	in	color	due	to	not	enough	hemoglobin.		
Pernicious	anemia	can	be	caused	by	not	enough	dietary	B6,	folate,	or	B12.	The	red	blood	cells	
do	not	mature	properly	and	as	a	result	you	get	large	red	blood	cells	that	cannot	fit	through	
capillaries.		Lastly,	lukocytosis	is	an	abnormal	of	lymphocytes	caused	by	infection	or	an	
autoimmune	disease.		
Draw	your	blood	diseases	under	low	power.	
		
	
	
	
	
	
Sickle	Cell	Anemia	 	 Iron	Deficient	Anemia						Pernicious	Anemia		 Lukocytosis	

	
	
	
	
	
	
	

	 	 	 	
Part	5	Blood	cell	production	
All	blood	cells	start	out	from	stem	cells	in	the	red	bone	marrow	found	in	the	spongy	bone	of	

flat	and	long	bones.			Depending	on	the	body’s	need,	the	blood	
stem	cells	can	become	any	blood	cell.		Because	these	stem	cells	
can	become	any	cell	of	a	certain	type	of	tissue,	they	are	called	
pluripotent	whereas	an	embryonic	stem	cell	that	can	become	
anything	is	omnipotent.			 	

The	stem	cells	can	divide	into	2	lines.	The	Lymphoid	
stem	cell	line	produces	the	B	and	T	lymphocytes.	The	cells	of	
this	line	begin	development	in	the	red	bone	marrow	Some	
migrate	to	the	thymus,	in	the	case	of	T	cells,	while	others	stay	
in	the	bone	marrow	in	the	case	of	B	cells,	to	gain	

immunopotency	(to	become	active).	In	these	two	organs,	
the	antigens	of	the	B	and	T	cells	are	matched	against	the	
body’s	own	self-	antigens.	If	there	is	a	match,	that	cell	is	
destroyed.	
		 The	myeloid	stem	cell	line	produces	the	
remaining	cell	lines.		We	will	only	discuses	erythrocyte	
(red	blood	cell)	and	platelet	production.		The	hormone	
erythropoietin	is	produced	by	the	kidneys	to	stimulate	
erythrocyte	production	and	the	production	of	
erythropoietin	is	controlled	by	a	negative	feedback	
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system	based	on	the	blood’s	oxygen	levels.		When	erythrocytes	leave	the	bone	marrow,	they	
circulate	for	about	120	days.	This	time	can	be	shortened	if	the	cell	is	too	large	(meglablastic	
anemia)	or	irregularly	shaped	(sickle	cell	anemia).	After	120	days,	erythrocytes	are	recycled	by	
the	liver	and	the	spleen.		These	organs	retain	the	majority	99	percent	of	the	iron	with	the	
remaining	iron	being	detoxified	and	excreted	by	the	liver	and	kidneys.	Elevated	levels	of	the	
detoxification	product	cause	the	yellowing	of	the	skin	called	Jaundice.		Jandice	may	be	visible	in	
newborns	due	to	the	high	amounts	of	infant	hemoglobin	being	broken		down	and	the	liver	not	
being	able	to	handle	it.	
	 Platelets	come	from	another	myeloid	line	of	cells	called	a	megakaryocyte.		Instead	of	
dividing	to	become	the	final	product,	megakaryocyte	pinch	of	fragments	of	themselves	which	
become	the	platelets.	

	
	
Label	the	function	of	the	organs	associated	with	
blood	cell	production	and	then	find	on	the	
internet	the	organs	on	the	various	models.	 	

1. 	Thymus	
	
		

2. 	Liver	
	
		

3. 	Kidneys	
	
	
		

4. 	Spleen	
	
Followup:	Identify	the	functions	of	the	following	cells	
	
Basophil										___________________________	
	
Eocinophil						___________________________	
	
Erythrocyte					___________________________	
	
Lymphocyte			___________________________	
	
Monocyte						___________________________	
	
Neutrophil				___________________________	
	
Platelet								___________________________	
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Lab	29	Anatomy	of	the	heart	and	great	vessels		
Introduction:		
	 The	heart	sits	in	the	center	
of	the	thoracic	cavity	and	it	is	
surrounded	by	the	pericardial	sac.			
The	heart	is	medial	to	the	lungs	
and	superior	to	the	diaphragm	
which	separates	the	thoracic	and	
the	abdominal	cavities.	The	heart	
sits	so	that	the	apex	points	to	the	
left	and	as	a	result,	to	make	room	
for	the	heart,	the	left	lung	is	
smaller.			The	heart	is	made	up	of	
4	chambers.	The	atria	are	
superior	and	sit	atop	of	the	
ventricles.	If	you	notice	the	
picture	to	the	left,	the	right	atria	
is	a	separate	structure	from	the	
ventricles.		Blood	normally	flows	

through	the	atria	until	just	prior	to	ventricular	contraction.	Then,	the	atria	contract	ejecting	
extra	blood	into	the	ventricles.	The	ventricles	are	large	chambers	that	pump	the	blood	to	the	
entire	body.			
	 	Deoxygenated	blood	returns	from	the	body	to	the	
heart	through	the	superior	and	inferior	vena	cava	which	
are	the	body’s	largest	veins.		The	deoxygenated	blood	goes	
through	the	right	atria	and	the	right	atrioventricular	valve	
and	passes	into	the	right	ventricle.		The	deoxygenated	
blood	then	is	pumped	through	the	pulmonary	semilunar	
valve	into	the	pulmonary	artery.	Please	note	that	this	
vessel	is	an	artery	since	it	is	carrying	blood	away	from	the	
heart.		In	the	lungs,	blood	is	oxygenated	and	the	
oxygenated	blood	returns	to	the	heart	via	the	pulmonary	
veins.		These	vessels	are	veins	since	they	return	blood	to	
the	heart.		The	oxygenated	blood	goes	through	the	left	
atria,	through	the	left	atrioventricular	valve	and	enters	the	
left	ventricle.	When	the	ventricle	contracts,	the	
oxygenated	blood	goes	through	the	aortic	semilunar	valve	
and	enters	the	aorta.		
	
In	this	lab	we	will	examine	the	structures	of	the	heart	and	
look	at	the	location	of	major	blood	vessels	associated	
with	the	heart.	
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Part	1:	Surface	anatomy	of	the	heart	
	 The	heart	sits	in	the	center	of	the	
thoracic	cavity	and	is	surrounded	by	
pericardium	or	the	pericardial	sac.			Like	
other	serous	membranes,	the	visceral	
pericardium	lies	upon	the	cardiac	muscle	
and	is	separated	from	the	parietial	
pericardium	by	serous	fluid	which	helps	
protect	the	heart.		The	parietial	
pericardium	also	attaches	the	point	or	
apex		of	the	heart	to	the	diaphragm.			
As	mentioned	above,	the	atria	are	
separate	structures	from	the	rest	of	the	
heart	and	are	held	onto	the	heart	by	
connective	tissue.	As	a	result,	they	form	2	
pouch-like	structures	called	auricles.		
These	pouches	get	their	name	because	
they	look	like	ears	of	the	heart.		The	space	
between	the	auricles	and	the	ventricles	
are	called	the	right	and	left	coronary	sulci.		
These	sulci	hold	the	left	and	right	
coronary	arteries	as	well	as	the	great	
(right)	and	small	(left)	coronary	veins.	
Bisecting	the	ventricles	are	the	anterior	
and	posterior	interventricular	sulci.		These	
sulci	too	hold	blood	vessels.	The	anterior	
interventricular	sulcus	holds	great	

coronary	vein	and	the	anterior	interventricular	artery.				The	posterior	interventricular	sulcus	
holds	the	middle	coronary	vein	and	the		posterior	interventricular	artery.	

The	4	great	vessels	originate/end	at	the	large,	broad	base	of	the	heart.	The	superior	
vena	cava	returns	blood	from	the	head	and	shoulders	to	the	right	side	of	the	heart	via	the	left	
and	right	brachiocephalic	veins.	The	inferior	vena	cava	returns	blood	from	the	abdominal	
cavity	to	the	right	side	as	well.			The	ascending	aorta	takes	oxygenated	blood	from	the	heart.	
This	structure	quickly	arches	and	then	descends	through	the	thoracic	and	abdominal	cavities.		3	
main	arteries	come	off	of	the	aortic	arch.	The	brachiocephalic	artery	is	the	furthest	right	of	the	
3	and	takes	blood	to	the	right	shoulder	(r.	subclavian)	as	well	as	the	right	side	of	the	head	(r.	
carotid).	The	left	carotid	is	the	middle	of	the	3	and	takes	blood	to	the	left	side	of	the	head	
while	the	left	subclavian	goes	to	the	left	shoulder.		The	pulmonary	artery	takes	deoxygenated	
blood	from	the	right	side	of	the	heart	to	the	lungs	to	be	oxygenated.	Finally,	the	4	pulmonary	
veins	return	oxygenated	blood	to	the	left	atrium	from	the	lungs	and	enter	on	the	posterior	
surface	of	the	heart.	
Part	2	Internal	Structures	of	the	Heart	
	 Deoxygnated	blood	enters	the	heart	through	the	superior	vena	cava	from	the	head	and	
shoulders	(by	way	of	the	brachiocephalic	veins)	and	from	the	trunk	via	the	inferior	vena	cava.		
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During	most	of	the	cardiac	cycle,	blood	passes	
through	the	right	atrium,	through	the	tricuspid	
valve	and	directly	into	the	right	ventricle.			It	is	
not	until	the	start	of	atrial	systole	(the	
contraction	of	the	atria)	that	the	atria	pump	
extra	blood	into	the	ventricles.		At	the	end	of	
atrial	systole,	the	tricuspid	valve	closes	which	
prevents	prevent	backflow	of	blood	when	the	
right	ventricle	contracts.		The	tricuspid	valve	is	
attached	to	3	papillary	muscles	by	tendons	
called	chordae	tendineae.		These	muscles	
contract	during	ventricular	systole,	and	keep	the	
tricuspid	valve	from	opening	into	the	right	
atrium	due	to	the	force	of	ventricular	
contraction.			The	force	generated	from	
contraction	of	the	right	ventricle	also	opens	the	
pulmonary	semilunar	valve.		Blood	can	then	
leave	the	right	ventricle	through	the	pulmonary	
semilunar	valve	and	enter	the	pulmonary	trunk	

where	it	then	goes	to	the	lungs	via	the	left	and	
right	pulmonary	arteries.			The	pulmonary	
semilunar	valve	closes	once	all	the	blood	has	
been	ejected	from	the	heart	and	the	ventricle	
can	no	longer	generate	pressure.	The	valve	closes		
due	to	ejected	blood	trying	to	flow	backwards	
back	into	the	heart	and	getting	caught	on	the	
cusps	of	the	pulmonary	semilunar	valve.	
	 Once	blood	has	returned	from	the	
pulmonary	circuit	(the	path	of	blood	from	the	
right	side	of	the	heart,	through	the	lungs	and	
back	to	the	left	side),	the	blood	returns	through	
the	4	pulmonary	veins	on	the	posterior	aspect	of	
the	heart.	Similar	to	the	right	side,	blood	flows	
through	both	the	left	atrium	and	the	bicuspid	
(mitral)	valve	and	directly	into	the	left	ventricle.		
Atrial	systole	forces	more	blood	into	the	
ventricle	and	the	bicuspid	(mitral)	valve	closes	at	
the	end	of	atrial	systole.		During	ventricular	
systole,	the	bicuspid	(mitral)	valve	remains	closed	because	the	2	papillary	muscles	pull	on	
chordae	tendineae	to	keep	the	valve	shut.	Likewise,	the	pressure	generated	by	the	contraction	
of	the	left	ventricle,	forces	open	the	aortic	semilunar	valve	and	blood	flows	into	the	aorta.	
Again,	once	there	is	no	more	blood	to	eject,	the	blood	attempts	to	flow	backwards	causing	the	
aortic	semilunar	valve	to	close.		Most	of	the	blood	continues	along	the	arch	of	the	aorta	into	
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the	descending	thoracic	aorta	and	abdominal	aorta.		However,	some	of	the	blood	is	pumped	
into	the	brachiocephalic	artery	where	it	goes	to	the	right	subclavian	and	carotid	arteries.		
Blood	is	also	directly	pumped	directly	into	the	left	carotid	and	left	subclavian	arteries.		We	will	
look	at	more	of	the	path	through	systemic	circulation	in	a	future	lab.	

The	heart	is	really	2	pumps	that	are	side	by	side.	The	right	side	receives	deoxygenated	
blood	from	the	body	and	pumps	it	to	the	lungs	to	be	deoxygenated	while	the	left	side	receives	
oxygenated	blood	and	pumps	it	to	the	body.		The	2	atria	are	separated	by	the	interatrial	
septum	while	the	2	ventricles	are	separated	by	the	interventricular	septum.			You	will	notice	
that	the	walls	of	the	left	ventricle	are	thicker.		When	you	do	your	dissection,	you	will	also	
notice	that	the	right	ventricle	wraps	around	the	left	ventricle.	Despite	these	differences,	the	
two	ventricles	really	hold	the	same	amount	of	blood	and	eject	the	same	amount	per	
contraction.	Also	when	you	do	the	dissection,	you	will	notice	ridges	called	trabeculae	carneae.		
It	is	thought	they	prevent	the	creation	of	a	vacuum	after	the	blood	has	been	ejected.	
	
OBTAIN	A	MODEL	OF	THE	HEART.	Find	all	the	structures	on	that	model.	Then	compare	the	
model	to	other	models	in	the	classroom.	
	
Part	3	Sheep’s	Heart	Dissection	
If	your	heart	has	not	been	previously	dissected,	follow	the	instructions	below.			
	

Before	you	begin	your	dissection,	try	
orientating	your	heart	so	that	it	is	like	the	picture	
to	the	left	since	the	sheep’s	heart	will	not	quite	
resemble	the	models	in	the	classroom	(especially	
since	the	butcher	often	cuts	off	the	great	vessels.)	

Point	the	apex	towards	yourself	with	the	
anterior	surface	pointing	to	up.	You	should	see	a	
view	that	resembles	the	picture	to	the	left.	The	
pulmonary	trunk	is	taking	deoxygenated	blood	
from	the	right	side	of	the	heart	towards	the	lungs.	
To	your	right	of	it	is	the	left	auricle.	This	is	the	
external	structure	formed	by	the	left	atrium	
(despite	pictures	to	the	contrary,	the	atria	really	
rest	on	top	of	the	ventricles.)			

You	should	also	see	the	interventricular	
sulcus	making	a	sagittal	section	between	the	left	
and	right	ventricles.	(Note,	it	is	the	left	and	right	
for	the	heart,	not	your	left	and	right.)	

Before	you	make	an	incision,	notice	all	of	
the	fat	surrounding	the	heart.	This	is	for	both	
protection	as	well	as	an	energy	supply.		If	you	were	
to	remove	the	fat	in	the	interventricular	sulcus,	

you	would	find	the	interventricular	vein	and	artery	which	supply	the	ventricles	with	blood.		
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The	first	thing	you	should	do	once	you	have	
opened	your	heart	is	to	identify	left	vs	right.			To	do	this	
look	at	the	thickness	of	the	2	ventricles.	The	ventricle	
with	a	thicker	outer	wall	is	the	left	ventricle.			Its	wall	is	
thicker	because	it	must	pump	the	blood	to	the	entire	
body.			

Now	locate	the	atrioventricular	(av)	valves.	
These	valves	are	identifiable		by	the	heart	strings	which	
connect	them	to	the	walls	of	the	ventricle.		Depending	
on	your	disection	method,	your	valves	may	be	entact	
(previous	page)	or	partially	destroyed	(left.	

Run	the	handle	of	your	blunt	probe	through	the	
AV	valves	and	into	the	atrium.	If	possible	see	if	you	can	
get	the	handle	to	come	out	the	superior	vena	cava	
(right)	or	the	pulmonary	arteries	(left)	

Next	find	the	semilunar	valves.	These	valves	are	
harder	to	find	especially	if	the	heart	was	cut	in	half.		As	
you	can	see	in	the	picture,	the	semilunar	valves	are	thin	
flaps.		The	Pulmonary	semilunar	valve	is	visible	in	the	
picture	while	if	you	were	to	stick	the	handle	of	your	blunt	probe	through	the	opening	pointed	
to	it	would	come	out	of	the	aorta.		

Run	the	handle	of	your	blunt	probe	through	your	semilunar	valves	to	find	the	aorta	
(left)	and	pulmonary	vein	(right).	When	you	are	done,	give	your	teacher	a	tour	of	your	heart.	
	
Draw	both	halves	of	your	heart	below.	Label	the	halves,	chambers,	and	if	possible	vessels	
(you	may	have	to	add	the	vessels	in	yourself.).	Lastly,	identify	the	epicardium	(outer	layer),	
endocardium	(layer	in	the	ventricles)	and	myocardium	(muscle	tissue)
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Part	4	Coronary	circulation	
The	left	and	right	coronary	arteries	leave	

the	aorta	right	after	the	semilunar	valves	from	
structures	called	the	left	and	right	aortal	sinuses.			
During	systole	(contraction),	when	the	valves	are	
open,	blood	cannot	enter	coronary	circulation	
since	the	valve	covers	the	aortal	sinus.	However,	
during	diastole,	when	the	valves	are	shut,	blood	is	
free	to	enter.	
	 Both	coronary	arteries	travel	along	the	
atrial-ventricular	sulci	on	their	corresponding	
sides.			The	left	coronary	artery	has	a	major	
branch	at	the	anterior	ventricular	sulcus.		One	
tributary	travels	down	the	ventricular	sulcus	and	is	
known	as	the	anterior	interventricular	artery	
while	the	other	loops	around	the	left	side	of	the	
heart.	This	artery	is	now	known	as	the	circumflex	
artery.		Therefore,	the	anterior	interventricular		

artery	supplies	the	anterior	side	of	the	heart	while	the	circumflex	artery	supplies	the	left	side	
and	upper	back	of	the	heart	with	blood.			The	right	coronary	artery	branches	with	a	small	
branch	called	the	marginal	artery.		It	continues	around	and	becomes	the	posterior	
interventricular	artery.		The	great	cardiac	vein	starts	at	the	bottom	of	the	anterior	
interventricular	sulcus	and	travels	up	to	left	atrial-ventricular	sulcus	and	goes	around	to	the	
posterior	of	the	heart.	The	middle	cardiac	vein	starts	at	the	apex	of	the	heart	and	travels	up	the	
posterior	interventricular	sulci.	The	small	
cardiac	vein	starts	by	the	marginal	artery	and	
goes	to	the	posterior	of	the	heart.		All	3	end	
up	at	the	coronary	sinus	behind	the	right	
atrium.		It	drains	into	the	right	atrium.		
	
Part	5	The	Thoracic	Cavity.		
The	heart	sits	in	the	thoracic	superior	to	the	
diaphragm,	anterior	to	the	trachea	and	
esophagus	and	medial	to	the	lugs.		The	apex	
(tip)	of	the	heart	actually	fits	into	a	notch	
formed	by	the	left	lung.	You	will	note	the		
branching	off	the	top	of	the	aorta	with	3	
“large”	vessels	going	towards	the	head	
before	it	arches	and	turns	inferior	and	travels	
behind	the	heart	and	through	the	diaphragm.	
As	mentioned	in	the	previous	section,	the	
brachiocephalic	artery	splits	to	become	the	
right	carotid	and	right	subclavian	artery.		The	
other	2	vessels	become	the	left	carotid	artery	
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and	left	right	subclavian	arteries.			The	
subclavian	arteries	will	also	give	rise	to	superior	
and	inferior	thyroid	arteries	and	the	vertebral	
arteries.	The	aorta	starts	to	descend	through	the	
abdominal	cavity	(hence	the	name	descending	
abdominal	aorta)	and	pass	through	the	
diaphragm	via	the	aortic	hiatus.		The	thoracic	
aorta	gives	rise	to	vessels	that	will	supply	the	
lungs,	intercostals	muscles,	and	esophagus.	

The	superior	vena	cava	is	really	a	very	
short	artery.	It	has	2	tributaries;	the	left	and	right	
brachiocephalic	veins.	These	receive	blood	from	
the	subclavian	(from	arm)	and	jugular	(from	
neck),	and	thyroid	veins	and	returns	it	to	the	
heart.			
The	inferior	vena	cava	travels	from	the	
abdominal	cavity	through	the	diaphragm	and	
behind	the	heart	before	it	enters	the	right	atria.		
You	will	note	that	the	systemic	veins	are	blue	
since	they	contain	deoxygenated	blood	and	the	

systemic	arteries	are	red	since	they	contain	oxygenated	blood.		
The	abdominal	aorta	gives	rise	to	3	major	vessels	of	the	intestines	and	the	renal	artery	before	
splitting	to	become	the	iliac	arteries.		We	will	discuss	that	in	a	future	lab.		The	inferior	vena	
cava	receives	blood	from	the	iliac	veins,	renal	veins,	and	hepatic	veins.		We	will	also	look	at	
that	in	a	future	lab.	
	 The	Pulmonary	trunk	leaves	the	heart	and	splits	into	the	left	and	right	pulmonary	
arteries.	Each	pulmonary	artery	then	splits	into	superior	and	inferior	branches.		These	
ARTERIES	take	deoxygenated	blood	from	the	heart	to	the	lungs	where	the	blood	becomes	
oxygenated.	The	oxygenated	blood	then	returns	to	the	heart	on	the	4	pulmonary	arteries.	
Using	all	the	models	and	manikins,	find	the	structures	labeled	on	the	picture	below.	
	
Observe	the	heart	in	the	thoracic	cavity	of	the	manikins	around	the	classroom.	

	
Followup	1	tracing	the	path	of	blood	through	the	heart.	
A	common	essay	question	is	to	trace	the	path	of	blood	through	the	
heart.	Therefore,	In	the	space	to	the	below,	describe	the	path	of	blood	
through	the	heart.		Then	find	the	structures	labeled	in	this	picture	on	the	
models	in	the	classroom.	(Note,	I	described	this	on	the	first	page)	
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Follow	up	2	
Identify	the	part	of	the	heart	with	the	following	
characteristic.		
	

1. Artery	with	oxygenated	blood	 	
	 		 		

2. Vein	with	oxygenated	blood		 	
	

3. Vein	with	deoxygenated	blood	 	
	

4. Artery	with	deoxygenated	blood	 	
	

5. Chambers	that	receive	blood		 	
	

6. Chambers	that	pump	blood	out	
	

7. Valves	that	are	open	during	most	of	systole	
	

8. Valves	that	are	closed	during	systole	 	 															
	
Follow-up	3	Identify	the	heart	structure	

1.	____________		7.	_______________	
	
2.	____________		8.	_______________	
	
3.	____________	9.	_______________	
	
4.	___________		10.	______________	

	
5.	___________		11.	_______________	
	
6.	_______________	
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Follow-up	4:	Name	the	external	structures.	Red	number=artery,	blue	number	=	vein,	and	black	
number	=	other	
Arteries	 	 	 Veins	
6._______________	 	 1.	_______________	
	
7._______________	 	 2._______________	
	
8._______________	 	 3.	_______________	
	
9._______________	 	 4.	_______________	
	
10._______________		 5.	_______________	
	
11._______________		 Other	structures	
	
12._______________		 20.	_______________	
	
13._______________		 21.	_______________	
	
14._______________		 22.	_______________	
	
15._______________		 23.	_______________	
	
16._______________		 24.	_______________	
	
17._______________		 25.	ligamentum	arteriosum		
	
18._______________		
	
19._______________		
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Lab	30	Blood	pressure	and	pulse		

Introduction	
	 Cardiac	muscle	is	autorhythmic.	Different	nodes	found	within	cardiac	muscle	depolarize	at	different	rates.		

The	sinoatrial	node	(SA)	depolarizes	the	most	often,	about	90	times	
per	minute)	and	it	is	therefore	the	pacemaker	of	the	heart.			
Depolarization	of	the	sinoatrial	node	causes	the	atria	to	contract.	This	
contraction	is	akin	to	the	attendants	on	the	subway	platforms	in	Tokyo	
who	push	more	people	into	already	full	train	cars	because	atrial	
contraction	is	forcing	more	blood	into	an	already	full	ventricle.				The	
ventricles	do	not	depolarize	yet	because	the	cartilage	bands	that	hold	
the	AV	valves	in	place	separate	the	ventricles	from	the	atria.		The	only	
place	where	the	cardiac	muscle	of	the	atria	comes	in	contact	with	that	
of	the	ventricles	is	the	atrioventricular	node.	The	atrioventricular	
node	slows	down	the	depolarization	wave;	thus,	delaying	ventricular	
depolarization.		The	reason	for	this	delay	is	to	insure	that	the	atria	are	
fully	contracted	before	ventricular	contraction.			Before	the	ventricles	
can	contract,	the	wave	of	depolarization	travels	down	the	AV	bundle	

(bundle	of	hiss)	and	then	to	the	purkinje	fibers.		Finally	when	the	purkinje	fibers	depolarize,	the	ventricles	can	
contract.	This	is	the	start	of	ventricular	systole.		

When	the	heart	is	at	rest	(diastole),	the	atrioventricular	
valves	,(	bicuspids	and	tricuspids)let	blood	flow	them	directly	into	
the	ventricles.		When	ventricular	systole	begins,	the	
atrioventricular	valves	snap	shut	(I	have	been	told	the	end	of	
atrial	systole	causes	this).		This	snapping	of	the	valves	we	associate	
with	the	first	heart	sound	(lub).		Pressure	in	the	ventricles	builds	
up	as	they	contract.		This	is	the	isovolumetric	phase	of	ventricular	
contraction.	It	is	called	this	because	the	ventricle	is	contracting	but	
the	volume	is	remaining	constant.	When	the	pressure	in	the	
ventricles	is	greater	than	that	in	the	great	arteries	(	pulmonary	
artery	and	the	aorta),	the	semilunar	valves	open	and	blood	is	
ejected	from	the	heart.	Systole	ends	(and	diastole	begins)when	
there	is	not	enough	pressure	to	keep	the	semilunar	valves	open.	
Therefore,	the	backflow	of	blood	causes	the	semilunar	valves	to	
close	creating	the	second	heart	sound	(dub).	At	this	point,	all	4	
valves	are	shut	and	this	is	called	isovolumetric	contraction.		Blood	
has	been	pooling	in	the	atria	during	ventricular	systole	and	when	
the	pressure	in	the	ventricle	drops	below	the	pressure	in	the	atria,	
the	atrioventricular	valves	open.	
	
Prelab	questions	

1. What	is	ventricular	systole?	
	

2. What	is	ventricular	diastole?	
	

3. What	heart	sound	marks	the	beginning	of	ventricular	systole?	
		

4. What	heart	sound	marks	the	end	of	diastole?	
	

5. What	causes	the	following	actions	
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a. AV	valves	closing	
b. Semilunar	valves	opening	
c. Semilunar	valves	closing	
d. AV	valves	opening	

	
6. What	is	meant	by	isovolumetric	contraction?	

	
7. What	is	meant	by	isovolumetric	relaxation?	

Part	1	Electro	Cardiogram	(ECG	or	EKG)	
An	electrocardiogram	gives	you	a	picture	of	how	well	the	

electrical	conduction	system	of	the	heart	is	functioning.		The	
depolarization	and	repolarization	of	various	parts	of	the	heart	creates	
measureable	electrical	waves	that	are	directional	due	to	the	
conduction	system	of	the	heart.		The	EKG	machine	records	these	
measurable	waves,	since	they	are	essentially	vectors,	and	adds	them	
together	to	give	you	the	EKG	graph	that	you	are	familiar	with.	

We	will	be	performing	an	EKG	with	2	leads.		Lead	1	has	the	
cathode	on	your	right	arm	and	the	anode	on	the	left	arm.	Lead	1		is	
measuring	the	electrical	vectors	moving	from	your	left	to	your	right.	
Lead	2	also	has	the	cathode	on	your	right	arm	but	the	anode	is	on	the	
left	leg	.	This	lead	is	measuring	the	electrical	vectors	moving	from	
your	upper	right	to	your	lower	left.		This	gives	you	the	pattern	you	are	
most	familiar	with	If	we	were	to	do	Lead	3,	it		has	the	cathode	on	your	
left	arm	and	the	anode	is	on	the	left	leg	.	This	lead	is	measuring	the	
electrical	vectors	moving	from	superior	to	inferior	but	from	left	to	

right.	As	a	result,	the	shapes	of	the	waves	for	leads	2	and	leads	3	are	slightly	different	but	they	should	
happen	at	the	same	time	as	the	peaks	for	lead	1.	On	the	EKG	wave,	an	upward	spike	is	electrical	signals	
(vectors)	moving	towards	the	cathode	while	a	downward	spike	is	electrical	signals	going	towards	the	
anode.	

	A	sample	EKG	wave	which	was	
generated	on	our	equipment	is	to	the	left.		The	
P	wave	represents	depolarization	of	the	atria.	
During	the	interval	between	the	P	wave	and	
QRS	complex,	the	atria	are	contracting.	The	QRS	
complex	is	the	path	of	the	current	through	the	
AV	node,	AV	Bundle	and	to	the	purkinje	fibers.	
The	ventricles	are	contracting	after	this	wave.		
This	wave	is	typically	the	wave	you	use	to	
calculate	heart	rate.	The	T	wave	represents	
repolarization	of	the	ventricles.			The	bottom	of	
the	EKG	gives	you	time.	Therefore,	you	can	
determine	the	heart	rate.	I.e.		There	were	4	
contractions	in	4	seconds,	therefore,	the	heart	was	beating	60	times	a	minute.	(1	contraction	per	second		
à	60	contractions	per	60	seconds)		
	
1. Attach	the	leads	as	indicated	by	the	label	on	them	
2. Have	the	person	lay	on	the	yoga	mat	and	relax.	Begin	recording.	Record	for	60	seconds.	
3. Jog	in	place	for	60	seconds.	Hit	record	and	hold	it	for	60	seconds		
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4. Calculate	the	BMP	for	resting		
1. Take	a	picture	of	the	EKG	recording	and	put	it	below.	Label	the	P,	QRS	and	T	waves.	
2. Find	the	heart	rate	on	the	EKG.	Each	large	square	is	0.2	seconds.	Either	count	the	#	of	R	to	R	in	

10	squares	and	multiple	by	30	or	divide	300	by	the	#	of	large	squares	between	QRS	complexes	
3. Take	a	picture	of	the	normal	EKG	and	send	to	your	group.	
4. On	the	pictures	you	were	sent,	label	the	waves	on	each	graph	AND	tell	what	each	wave	stands	for	

	
Heart	rate	resting	______________		 Heart	rate	Post	Exercise______________	

	
	
	
	

Part	2	Heart	Sounds		
As	mentioned	in	the	introduction,	heart	sounds	are	due	to	the	heart	valves	closing.		They	also	tell	us	
if	the	heart	is	in	systole	or	diastole.	Listen	to	a	volunteer	heart.	The	volunteer	should	sit	down.	Then	
have	the	volunteer	place	the	stethoscope	under	their	shirt	just	to	the	left	of	the	sternum.			
1. Which	interval	is	longer,	the	interval	between	“Lub”	and	“Dub”	or	that	between	“dub”	and	

Lub?	
	

2. What	does	that	tell	you	about	the	lengths	of	systole	and	diastole?	(i.e.	which	is	longer?)	
	
3. Why	is	your	answer	above	logical?	I.e.	why	does	it	make	more	sense	to	have	a	quick	

contraction	followed	by	a	“long”	rest?	
	

Part	3	Radial	pulse		
Arteries	are	made	up	of	elastic	and	muscular	tissues.		During	
ventricular	systole,	a	large	amount	of	blood	is	injected	into	the	
aorta.		This	causes	stretching	of	the	elastic	tissue.	When	that	
pressure	recedes	(due	to	the	end	of	systole)	the	elastic	tissue	
recoils	and	forces	the	blood	to	move	downstream.	This	in	turn	
stretches	the	artery	in	a	new	place.	This	process	continues	as	the	

bulbous	of	blood	is	moved	through	the	artery	creating	a	pulse	wave.	Since	this	in	time	with	the	end	of	ventricular	
systole,	it	is	a	good,	low	tech,	method	for	determining	heart	rate.		Pulses	tend	to	be	taken	on	major	arteries	where	
the	vessel	can	be	pressed	against	a	bone.	
Take	the	radial	pulse	of	the	volunteer	in	part	2	for	30	seconds	standing,	sitting	and	reclining.		
	 Trial	1	(BPM)		 Trial	2	(BMP)		 Trial	3	(BMP)		 Average		
Reclining			 	 	 	 	
Standing		 	 	 	 	

1. In	which	position	is	the	pulse	the	quickest	and	in	which	the	slowest?	Why	do	you	think	there	
is	variation	in	pulse?	
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Part	4	Relative	strength	of	other	pulses		
Not	all	blood	vessels	are	the	same	size	nor	is	the	amount	of	blood	going	through	them	is	the	same.	
We	will	see	if	the	pulse	taken	at	different	points	are	the	same	or	different.	Take	each	the	following	
pulses	on	3	different	people	
	 Person	1	(BPM)		 Person	2	(BMP)		 Person	3	(BMP)		 Average		
Carotid		 	 	 	 	
Radial		 	 	 	 	
dorsal	pedal		 	 	 	 	

1. Were	all	of	the	pulses	the	same?	If	not,	what	could	account	or	the	variation	in	pulses?	
	
	
	

2. 3	other	pulses	are	the	popliteal	(behind	the	knee)	and	the	inter	femoral	(inside	of	leg,	just	past	the	
pelvis,	and	the	axillary.	Which	of	these	pulses	would	you	expect	to	be	stronger	than	the	radial	pulse	and	
which	would	you	expect	to	be	lower?	

	
3. Why	do	we	take	the	radial	pulse	and	not	others?		

	
4. When	it	is	cold	you	should	take	the	Carotid	pulse	instead	of	the	radial	pulse?	Why?		

	
Part	4a	Jugular	pulse	
		It	is	possible	to	take	the	pulse	on	the	jugular	vein	(In	fact,	many	people	first	learning	to	take	pulse	take	a	pulse	
here	by	mistake.)		The	pulse	is	not	due	to	the	bulbous	of	blood	flowing	through	the	vein.	It	is	due	to	back	up	of	
blood	caused	by	the	closing	of	the	AV	valves.		Take	the	persons	Jugular	and	radial	pulse.	
	
Jugular	__________Radial	________________				How	do	they	compare?	
	

Part	5.	Blood	Pressure		
Blood	pressure	is	defined	as	the	amount	of	force	put	on	the	walls	of	the	
blood	vessel	(artery	or	vein).		During	systole,	the	pressure	created	by	the	
ejection	of	blood	and	the	subsequent	bulbous	of	blood	moving	through	
the	vessels	causes	the	pressure	in	the	arteries	to	rise	and	the	elastic	
nature	of	the	arteries	causes	the	pressure	to	drop	during	diastole.	
Therefore,	if	you	were	to	be	able	to	capture	someone’s	blood	pressure	
during	systole,	the	pressure	would	be	at	its	highest	point	and	conversely	
the	pressure	would	be	at	its	lowest	point	during	diastole.	It	is	important	
to	note	that	the	diastolic	pressure	(pressure	during	diastole)	is	not	0.	
There	is	still	some	pressure	created	by	the	blood.	If	there	was	not	any	
pressure,	the	arteries	would	snap	shut.		
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	 To	measure	blood	pressure,	you	put	a	cuff	around	
the	brachial	artery	and	pump	it	up	past	the	systolic	
pressure.		This	will	stop	blood	from	going	through	the	artery.	
Next,	slowly	release	the	pressure.	When	the	pressure	of	the	
cusp	reaches	just	below	the	diastolic	pressure,	blood	
reopens	the	artery;	however,	since	the	pressure	is	still	above	
the		diastolic	pressure,	the	vessel	snaps	shut	again.	This	will	
make	an	snapping	sound.		As	you	release	more	pressure,	the	
snapping	will	change	pitch	4	times	and	finally	you	will	hear	
no	further	sounds.	That	is	due	to	the	fact	the	pressure	is	
now	less	than	the	diastolic	pressure.	Therefore,	the	diastolic	
pressure	is	enough	to	keep	the	vessel	open.	(For	more	
reading,	see	Fox	7.6	P	277)	
	
Instructions:		

1. Wrap	the	cuff	around	the	upper	arm	of	the	volunteer	
just	above	the	elbow.	

2. Pump	the	pressure	up	to	150	mmHG	and	close	the	
valve.	

3. Place	the	stethoscope	on	the	elbow	(slightly	under	
the	cuff)	

4. Slowly	release	the	pressure.	When	you	hear	a	snapping	sound,	that	is	the	systolic	pressure	
5. When	you	no	longer	hear	any	sounds,	that	is	the	diastolic	pressure.	

	
It	helps	if	the	room	is	quite.	

Measure	the	blood	pressure	of	a	person	standing,	and	sitting.	
	 			 	 	 		 	 	

	 Trial	1		 Trial	2		 Average		
seated		 ______Systolic	/	_______Diastolic		 ______	Systolic	_______/	Diastolic		 	
Standing		 ______	Systolic	/	_______Diastolic		 ______	Systolic	_______/	Diastolic		 	

1.	Which	blood	pressure	was	the	lowest?				Why	do	you	think	that?	
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Lab	31	Major	Blood	Vessels	
	 In	this	lab,	we	will	explore	the	major	blood	vessels	of	the	body.		The	good	news	about	this	is	that	
typically,	the	vessels	are	named	for	the	body	region	that	they	are.	For	instance,	the	brachial	artery	is	in	
the	upper	arm	and	the	temporal	artery	is	along	the	temporal	bone.			However,	before	we	begin,	we	
need	to	look	at	blood	flow	and	the	structure	of	the	vessels.	
One	big	question	science	students	always	ask	
is,	“Why	is	the	pulmonary	artery	an	artery	
since	it	has	deoxygenated	blood?”		Teachers	
often	reply,	“It	is	an	artery	because	all	
arteries	go	away	from	the	heart.”		That	is	
partially	true.		All	structures	we	like	to	call	
“arteries”	take	blood	away	from	the	heart	
and	all	(but	1)	of	the	structures	we	like	to	call	
“veins”	take	blood	to	the	heart.	However,	
there	is	another	big	difference	as	well.		If	you	
were	to	look	at	histological	slides	of	both	
arteries	and	veins,	you	will	notice	3	layers	of	
tissue	called	tunics.		In	both,	the	inner	most	
tunic,	the	tunica	intima,	is	made	up	of	
epithelial	tissue	and	forms	a	tube	that	blood	
travels	through.	Furthermore,	there	is	a	muscular	tunica	media,	which	controls	the	diameter	of	the	
blood	vessel,	and	a	connective	tissue	layer	called	the	tunica	externa	around	that.			There	is	also	elastic	
tissue	mixed	through	the	tunica	media	of	both.		However,	the	tunica	media	tends	to	be	much	thicker	in	
arteries	than	in	veins.	This	is	due	to	the	pressure	of	the	blood	in	the	artery.	Furthermore,	there	is	more	
elastic	tissue	within	the	tunica	media	for	the	same	reason..		In	addition,	some	arteries,	called	elastic	
arteries,	have	additional	elastic	tissue	on	either	side	of	the	tunica	media.		As	a	result,	the	diameters	of	
arteries	tend	to	be	narrower	than	veins.	Veins	tend	to	have	thinner	walls	since	there	is	no	really	

pressure	in	veins.	Furthermore,	since	there	is	
no	pressure,	veins	have	valves	that	prevent	
back	flow	of	blood.			Your	veins	also	have	quite	
large	diameters.	This	is	because	veins	act	as	
reservoir	of	blood.	When	they	constrict,	more	
blood	returns	to	the	heart	and	stroke	volume	
is	increased.	
The	tunica	media	and	intima	of	arteries	
extends	into	structures	called	arterioles.	The	
muscular	layer	here	plays	a	role	in	controlling	
blood	flow	in	tissues.		Arterioles	lead	to	
structures	called	capillaries	which	are	
extensions	of	the	endothelium.	This	is	
important.	The	thin	layer	of	cells,	which	are	
not	bound	together	tightly,	make	capillaries	
ideal	for	gas	and	nutrient	exchange.	At	the	
end	of	the	capillary	bed	is	a	vessel	called	a	
venule.		The	venule	has	both	the	tunica	intima	

and	externa	but	it	lacks	a	muscular	layer.	The	venule	leads	(quickly)	to	a	vein	which	will	return	blood	
back	to	the	heart.	
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1. How	do	arteries	functionally	differ	from	veins?	
	

2. How	do	arteries	differ	structurally	from	veins?	
	

3. What	are	the	tissue	layers	found	in	a	venule?	
	

4. Critical	thinking:	Leaving	the	capillary	beds	within	your	kidneys	is	a	blood	vessel	that	has	a	
muscular	layer	and	an	endothelial	layer.		What	should	this	be	classified	as?		

	
5. Critical	thinking	II:	A	blood	vessel	goes	from	your	small	intestines	to	your	liver.	It	has	3	tunics,	

a	large	diameter,	and	valves.	What	is	this	vessel	classified	as.	
	
Part	1	Histology	of	arteries	and	veins	
	 	The	arteries	and	veins	of	the	human	body	are	the	super	highways	in	which	large	amounts	of	
blood	travel.	Therefore	histological,	arteries	and	veins	are	similar.	Both	vessels	have	three	layers	
(tunics);	an	inner	layer	of	epithelial	tissue	(the	endothelium),	a	muscular	layer	and	then	fibrous	
connective	tissue	layer.	Those	layers	are	called,	in	order,	the	tunica	intima,	the	tunica	media,	and	the	
tunica	externa.		Major	arteries	and	veins	also	have	elastic	tissue	distributed	through	the	three	tunics	as	
well.		

	In	the	above	sections,	it	was	stressed	that	arteries	take	blood	away	from	the	heart	and	veins	
transport	blood	to	the	heart.			As	a	result	we	can	expect	a	different	distribution	of	the	tissues.			Arteries	
have	a	thick	muscular	due	to	the	fact	that	the	pressure	of	blood	in	arteries	is	typically	between	60	and	
130	mmHg.			Due	to	the	thickness	of	the	walls,	arteries	tend	to	have	smaller	internal	diameters	than	
their	corresponding	vein.	On	histological	slides	arteries	tend	are	likely	to	have	retained	their	shapes.	
Veins	are	under	low	pressure.	Therefore	their	walls	tend	to	be	thinner	than	arteries	and	the	internal	
diameter	of	are	veins	larger.		
Draw	an	artery	and	a	vein	and	label	the	3	layers	of	tissue	found	in	each.	
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Part	2Major	Arteries	(Red	on	picture)	and	veins	(Blue	on	picture).	
	 Arteries	tend	to	be	deep	and	veins	superficial.	Thus	when	you	cut	yourself,	you	are	

cutting	a	vein	in	which	the	blood	is	not	under	high	
pressure;	therefore,	blood	does	not	spurting	out	like	in	
the	horror	movies.	(When	you	cut	a	high	pressure	artery	
it	resembles	the	horror	movies)	Because	veins	are	
superficial	and	surround	arteries,	you	have	more	major	
veins	than	you	do	arteries.		

When	talking	about	major	arteries,	the	first	
arteries	that	come	to	mind	should	be	the	aorta,	and	the	
pulmonary	arteries.		If	you	look	at	the	arch	of	the	Aorta,	
you	will	notice	3	large	sized	arteries	coming	off	of	the	
arch.	As	we	have	already	learned,	the	right	most	branch	is	
the	brachiocephalic	artery.		This	goes	on	to	become	the	
right	subclavian,	which	goes	to	the	shoulders,	neck,	and	
arm,	and	the	right	carotid	which	goes	to	the	head.		The	
middle	branch	is	the	left	carotid	artery	and	the	third	
branch	becomes	the	left	subclavian.	The	aorta	then	
descends	trough	aortic	hiatus	in	the	diaphragm	and	into	
the	abdominal	cavity.	Here	the	celiac,	superior	
mesenteric,	renal,	and	inferior	mesenteric	arteries	all	
branch	off	before	the	aorta	splits	and	becomes	the	2	
common	Iliac	arteries.		The	common	Iliac	arteries	supply	
blood	to	the	legs	and	hips.		In	the	following	sections,	we	
will	explore	the	vessels	all	these	arteries	feed.	However,	
the	names	of	some	of	those	should	be	very	familiar	since	
they	are	named	for	body	regions	the	blood	vessels	are	
found	in	or	the	organ	they	feed.		
	 The	femoral	vein	returns	blood	from	the	legs	to	
the	common	iliac	vein	which	feeds	into	the	inferior	vena	
cava.		The	inferior	vena	cava	ascends	through	the	
abdominal	cavity	where	picks	up	blood	from	the	renal	
and	hepatic	veins	before	passing	through	the	caval	
opening	of	the	diaphragm.		The	internal	and	external	
jugular	veins	return	blood	from	the	head	while	the	
subclavian	veins	returns	blood	from	the	shoulders,	neck,	
and	arms.	The	jugular	and	subclavian	veins	merge	to	
become	the	brachiocephalic	veins	which	take	blood	back	
to	the	superior	vena	cava.	
	 	
Part	2a:	vessels	of	the	head,	neck,	and	shoulders.		
	
				 We	will	now	take	a	closer	look	at	the	vessels	of	the	head,	neck,	and	shoulders.			The	paired	
common	carotid	arteries	extend	travel	deep	in	the	neck	to	just	about	the	level	of	the	hyoid	bone	
(Adam’s	apple).	At	this	point,	they	split	into	the	external	carotid	artery	and	internal	carotid	artery.		The	
internal	carotid	arteries	enter	the	skull	via	the	carotid	foramen	and	splits	into	the	anterior	and	middle	
cerebral	arteries.		This	blood	will	return	to	the	heart	via	the	internal	jugular	vein.	The	external	carotid	
artery	quickly	has	a	branch	called	the	superior	thyroid	artery.	This	branch	supplies	the	thyroid	gland,	
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larynx,	hyoid	bone,	and	muscles	of	the	neck	and	blood	
returns	via	the	superior	thyroid	vein	which	drains	to	
the	internal	jugular	vein.	The	external	carotid	artery	
then	goes	on	to	supply	the	scalp	mainly	via	the	facial,	
temporal,	and	occipital	arteries.		Blood	returns	from	
these	arteries	via	the	facial,	temporal,	and	occipital	
veins	and	drains	into	external	jugular	vein.		The	
internal	and	external	jugular	veins	merge	and	
continue	on	the	outside	of	the	neck	as	the	common	
jugular	vein.		This	vein	will	merge	with	the	subclavian	
vein	and	form	the	brachiocephalic	vein.		As	you	have	
already	learned,	the	brachiocephalic	veins	merge	to	
become	the	superior	vena	cava.		
						The	subclavian	artery	travels	under	the	clavicle	
and	has	minor	branches	that	supply	the	scapula,	
clavicle,	and	neck	with	blood.		One	of	these	vessels	
also	becomes	the	inferior	thyroid	artery	which	
supplies	the	thyroid	gland	with	blood.	That	drains	via	
the	inferior	thyroid	vein	into	the	brachiocephalic	
vein.		The	vertebral	arteries,	which	run	through	the	
transverse	foramen	of	the	cervical	vertebrae,	also	
branch	from	the	subclavian	artery.		The	vertebral	
arteries	supplies	the	meninges		of	the	brain	and	the	
basilar	artery,	which	becomes	the	posterior	cereberal	
artery	and	completes	the	Circle	of	Willis.	The	blood	
from	this	artery	returns	via	either	the	internal	jugular	

vein	or	the	vertebral	vein.		The	subclavian	artery	then	becomes	the	axillary	artery	under	the	arm	pit.	
(Purple	names	=	both	artery	and	vein	has	same	name)	

Follow-up	2	identify	the	vessel	shoulders	
	1.	_______________		 	9.	External__________Vein	

	
2.	_______________			 10.	_______________	

	
3.	___________Vein		 11.	_______________	

	
4.	__________Artery		 	12.	External__________Artery	
	
5.	Com.____________	 	13.	_______________Artery	
	
6.	Sup.	__________Art	 		14.	_______________Artery	
	
7.	Internal_________			 15.	_______________	Vein	

	
8.	Inf_________Vein			 	16.	_______________	
	
Not	shown/numbered:	Vertebral	(vein	+	artery),	occipital	(vein	+	artery),		inferior	
thyroid	artery,	superior	thyroid	vein,	facial	vein,	temporal	vein	
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Part	2b	the	arm	
As	mentioned	previously,	we	tend	to	have	more	

veins	than	arms.	Furthermore,	veins	tend	to	be	both	
superficial	and	deep	while	arteries	are	always	deep.		The	
arm	will	be	our	first	chance	to	see	this	arrangement.	

Blood	enters	the	arm	through	the	subclavian	
artery.	After	the	subclavian	artery	clears	the	lateral	
margin	of	the	first	rib,	it	becomes	the	axillary	artery	which	
has	branches	that	supply	the	thorax	and	armpit.		2	
branches	that	interest	us	are	the	posterior	and	anterior	
(humoral)	circumflex	arteries.		These	vessels	supply	the	
shoulder	joint	with	blood.	When	the	axillary	artery	passes	
the	teres	major	and	enters	the	arm,	it	becomes	the	
brachial	artery.			This	artery	goes	through	the	elbow	joint	
and	is	the	artery	that	we	typically	use	to	take	someone’s	
blood	pressure.		The	brachial	artery	splits	to	become	the	
ulnar	and	radial			which	run	inside	(to	the	medial	part	of	
the	arm)	of	the	bones	with	the	same	name.		These	finally	
give	rise	to	the	digital	arteries.			All	along	the	way,	smaller	
arteries	branch	off	each	of	these	major	arteries	to	supply	
blood	to	the	arm.			

Blood	returning	to	the	heart	has	2	routes.	The	first	
is	the	deep	route	that	is	essentially	identical	to	the	route	of	
blood	going	down	the	arm.	The	radial	veins	surround	the	
radial	artery	while	the	ulnar	veins	surround	the	ulnar	
artery.		These	all	merge	into	the	brachial	vein	which	joins	
into	the	axillary	vein.		There	are	also	2	major	superficial	
veins.	The	basilic	vein	takes	blood	from	the	dorsal	medial	
surface	of	the	hand	and	travels	along	the	medial	side	of	the	

arm	while	the	cephalic	vein	takes	blood	from	the	dorsal	lateral	of	the	hand.	Some	blood	will	cross	over	
at	the	elbow	via	a	vein	called	the	median	cubital	vein	and	go	into	the	basilic	vein.	The	median	cubital	
vein	is	a	choice	vein	for	phlebotomists	to	draw	blood	from.		The	cephalic	vein	terminates	at	the	axillary	
vein.		Lastly,	the	median	antibrachial	vein	takes	blood	from	the	anterior	of	the	hand.	It	joins	the	basilic	
vein.	
Label	the	Artery	
1. _________		4.	__________	

	
2. _________			5.	__________	

	
3. _________			6.	__________	

	 	 	 	 	
Label	the	Vein	
7.		__________	 			8.	__________				9.	__________	10.	____________	
	
11.__________			12._________				13.	__________	
	
Not	shown:	Subclavian	vein	and	artery,	Digital	veins	and	arteries.	Note,	the	labeled	diagram	is	a	left	
hand	and	the	numbered	diagram	is	a	right	hand.	
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Part	2c	the	Abdominal	Cavity	
								After	the	arch	of	the	aorta,	the	aorta	becomes	the	
descending	aorta	which	has	two	segments.			The	
thoracic	aorta	travels	from	the	arch	to	the	aortal	
hiatus	in	the	diaphragm.	The	bronchial	arteries,	which	
are	systemic	circulation	for	the	lungs,	and	the	posterior	
intercostals	arteries,	which	are	arteries	for	the	ribs,	
and	esophageal	artery	all	branch	off	of	the	thoracic	
aorta.	Veins	with	the	same	name	will	then	return	the	
blood	to	the	heart.	
				The	abdominal	aorta	has	5	major	branches	that	give	
blood	to	the	abdominal	organs	before	it	splits	into	the	
common	iliac	arteries	which	will	take	blood	to	the	
pelvis	(internal	iliac	artery)	and	leg	(external	iliac	
artery)	.	Blood	will	return	from	the	legs	via	the	
external	iliac	vein	and	the	pelvis	vis	the	internal	iliac	
vein.	The	most	inferior	of	these	arteries	is	the	inferior	
mesenteric	artery	which	takes	blood	to	part	of	the	
descending	colon	(left	side	of	large	intestine),	sigmoid	
colon,	and	rectum.	Most	of	this	blood	is	picked	up	by	
the	inferior	mesenteric	vein	which	feeds	into	the	
splenic	vein	which	in	turn	enters	the	hepatic	portal	
vein	to	take	blood	to	the	liver.	Almost	on	top	of	the	
inferior	mesenteric	artery	are	the	gonadal	arteries.		As	
the	name	implies,	these	take	blood	to	the	ovaries	in	
women	and	through	the	inguinal	canal	to	the	testis	in	
men.	Blood	returns	from	the	gonads	to	the	inferior	
vena	cava	by	the	gonadal	vein.		The	next	major	branch	
(going	back	up	towards	the	diaphragm)	off	of	the	
abdominal	aorta	is	the	renal	artery.	The	renal	artery	
takes	blood	to	the	kidneys	and	after	the	blood	has	been	filtered	by	the	kidneys,	it	returns	via	the	renal	
vein	which	takes	blood	to	the	inferior	vena	cava.		We	will	look	at	renal	circulation	in	more	detail	in	
another	lab.		The	superior	mesenteric	artery	sits	above	the	renal	artery.		This	takes	blood	to	small	
intestines,	most	of	the	large	intestines,	and	the	pancreas.		Blood	returns	from	those	structures	by	the	
superior	mesenteric	vein	which	joins	with	the	splenic	vein	to	make	the	hepatic	portal	vein.		The	hepatic	
portal	vein	takes	blood	from	the	intestines	to	the	liver.	Therefore,	it	is	the	one	vein	that	does	not	take	
blood	back	to	the	heart	and	it	should	not	be	confused	with	the	hepatic	vein	which	takes	blood	from	the	
liver	to	the	inferior	vena	cava.	The	system	of	veins	that	take	blood	to	the	hepatic	portal	vein	is	called	
the	hepatic	portal	system.		That	is	not	drawn	on	this	picture.			(Again,	in	the	picture	detailing	all	these	
vessels,	Red	is	an	artery,	blue	is	a	vein,	and	purple	refers	to	veins	and	arteries	with	the	same	name.)	
									The	remaining	two	visceral	arteries	off	of	the	abdominal	aorta	are	the	superior	renal	arteries	and	
the	celiac		trunk.			The	superior	renal	arteries	take	blood	to	the	adrenal	glands.		Blood	will	return	from	
the	adrenal	glands	through	the	inferior	renal	vein	which	feeds	into	the	renal	vein.			
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The	Celiac	trunk	is	immediately	inferior	
to	the	diaphragm	and	it	splits	into	3	
main	branches.	The	left	gastric	artery	
supplies	blood	for	the	stomach	while	
the	splenic	artery	supplies	blood	for	
the	spleen.	The	common	hepatic	
artery	splits	to	become	the	hepatic	
artery	proper,	the	right	gastric	artery	
and	the	gastro-duodenal	artery.	The	
hepatic	artery	supplies	the	liver	with	
blood	while	the	right	gastric	artery	
supplies	the	stomach	with	blood.	The	
gastroduodenal	artery	supplies	both	

the	stomach	and	the	first	part	of	the	small	intestines	which	is	
called	the	duodenum.	As	mentioned	on	the	previous	page,	
blood	returns	from	the	spleen	via	the	splenic	vein	which	is	
part	of	the	hepatic	portal	system.	Blood	from	the	right	and	
left	gastric	arteries	also	joins	the	hepatic	portal	system	by	the	
right	and	left	gastric	veins.		Blood	from	the	gastroduodenal	
artery	also	joins	the	hepatic	portal	system	but	it	is	
complicated.		Finally,	all	the	blood	that	goes	to	the	liver,	from	
either	the	hepatic	portal	vein	or	the	heptatic	artery	returns	to	
the	inferior	vena	cava	by	the	heptatic	vein.		
In	the	picture	to	the	right,	label	the	arteries	and	veins.	
Arteries	=	1-10,	veins	21-27	
1.	_______________	 	 21.	______________	

	
2.	_______________	 	 22_______________	

	
3.	_______________	 	 23.	______________	
	
4.	_______________	 	 24.	______________	 	
	
5.	_______________	 	 25.	______________	
	 	
6.	_______________	 	 26.	______________	
	
7.	_______________	 	 27.	Hepatic	Portal	
	
8.	_______________	 	 	
	
9.	Inferior	Mesenteric		

	
10.	_______________	 	 	 	
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Part	2d	the	legs	
The	abdominal	aorta	splits	into	the	left	and	right	common	iliac	arteries	which	quickly	split	into	the	
internal	and	external	iliac	arteries.		The	internal	iliac	artery	supplies	much	of	the	pelvis	with	blood.	The	
superior	gluteal	artery	arises	from	this	and	exits	the	pelvis	under	the	sciatic	arch.		The	obturator	artery		
also	arises	from	the	internal	iliac	artery	and	exits	through	the	obturator	foramen.				The	external	iliac	
artery	exits	the	pelvis	through	the	ingunal	canal.		Its	major	branch	is	the	(common)	femoral	artery.			The	

common	femoral	artery	splits	in	
the	upper	thigh	to	form	the	
superficial	femoral	artery,	which	
supplies	the	medial	thigh,	and	the	
deep	femoral	artery.		The	deep	
femoral	artery	travels	posterior	to	
the	femur	to	the	knee.	Soon	after	
the	deep	formal	begins	its	decent,	
2	major	branches	leave	it.	The	
superior	lateral	femoral	circumflex	
artery	supplies	the	upper	hip,	and		
the	lateral	femoral	circumflex	
artery	which	supplies	the	lateral	
thigh.			The	superficial	femoral	
artery	goes	behind	the	knee	and	
becomes	the	popliteal	artery.		This	
splits	at	the	head	of	the	tibia	to	
become	the	anterior	and	posterior	
tibial	arteries.		Soon	after	that,	the	
posterior	tibial	artery	splits		off	the	
fibular	artery.	These	3	arteries	
supply	the	lower	leg.			The	anterior	
tibial	artery	goes	on	to	form	the	
network	of	blood	vessels	for	the	
superior	surface	of	the	foot	while	
the	posterior	tibial	supplies	the	
bottom	of	the	foot.	
	 Blood	from	the	feet	returns	
via	either	the	great	saphenous	
vein,	which	travels	the	length	of	
the	medial	surface	of	the	leg,	the	
tibial	vein,	which	is	anterior	to	the	
tibia	before	wrapping	around	it	at	
the	head,	and	the	fibular	vein	
travels	up	the	posterior	lateral	part	
of	the	calf.		The	tibial	and	fibular	
veins		merge	to	become	the	
popiteal	vein	which	travels	behind	
the	knee.		This	in	turn	becomes	the	
femoral	vein	which	travels	up	the	
deep	part	of	the	calf.		The	inferior	



 

59 Photos by John Polos. Free to reproduce for educational purposes. 
 

Bio 20b Anatomy and Physiology II Lab Book  Name__________________________ 

circumflex	vein	returns	blood	from	the	lateral	part	of	
the	thigh	while	the	superior	circumflex	vein	returns	
blood	from	the	upper	thigh.	The	2	circumflex	veins,	
the	femoral	vein,	and	the	great	saphenous	vein	all	
merge	together	to	form	the	external	iliac	vein.	This	
vein	then	merges	with	the	internal	iliac	vein	to	form	
the	common	iliac	vein.	Finally,	the	left	and	right	
common	iliac	veins	come	together	to	from	the	
inferior	segment	of	the	inferior	vena	cava.		
	

	
Arteries	 	 	 	 	 Veins	
1.	_______________	 	 8.	_______________	

	
2.	_______________	 	 9.	_______________	

	
3.	_______________	 	 10.	______________	
	
4.	_______________	 	 11.	______________
	 	
	
5.	_______________	 	 12.	______________	
	 	
6.	_______________	 	 13.	______________	
	
7.	_______________	 	 	
Omited:	External	iliac	artery	+	vein,	and	fibular	artery	
+	vein	
	
Circle	of	Willis	

	 Blood	going	to	the	base	of	the	brain	forms	an	interesting	structure	called	the	Circle	of	Willis.		It	
is	of	interest	to	use	because	it	the	site	of	
many	hemorrhagic	strokes	and	brain	
aneurisms.		It	has	been	postulated	that	
the	function	of	the	Circle	of	Willis	allows	
for	communication	between	the	arteries	
of	the	fore	and	hind	brains;	however,	the	
small	diameter	of	the	communicating	
arteries	(low	flow)	makes	this	unlikely.	
	 Blood	enters	the	cranial	cavity	
from	the	paired	internal	carotid	arteries	
and	the	paired	vertebral	arteries,	which	
run	along	the	spinal	cord.	The	vertebral	
arteries	enter	through	the	foramen	
magnum	and	move	to	the	anterior	side	of	
the	brain	stem	where	they	merge	to	form	
the	basilar	artery.		The	basilar	artery	has	
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numerous	branches	that	
bring	blood	flow	to	the	
pons,	medulla,	and	
cerebellum.		The	basilar	
artery	then	splits	and	
forms	the	2	posterior	
cerebral	arteries	which	
bring	blood	to	the	
temporal	and	occipital	
lobes.	The	internal	
carotid	artery	enters	the	
cranial	cavity	through	
the	carotid	foramen.	It	
splits	to	form	3	different	
branches.		The	first	
branch	goes	laterally	out	
from	the	carotid	artery	
and	forms	the	middle	
cerebral	artery	which	
provide	blood	for	the	

majority	of	the	parietal	and	frontal	lobes.	The	second	branch	goes	to	the	anterior	and	forms	the	anterior	
cerebral	artery.			This	artery	supplies	the	rest	of	the	frontal	lobe.		What	is	interesting	is	the	third	branch.	
It	is	called	the	posterior	communicating	artery	and	it	connects	the	internal	carotid	artery	with	the	
posterior	cerebral	artery	and	in	essence	the	basilar	artery.		The	2	anterior	cerebral	arteries	are	also	
connected	by	the	anterior	communicating	artery.		As	a	result,	these	arteries	form	a	circle	around	the	
pituitary	gland.	
Follow-up	Identify	the	structure	

	1.	___________	
	
2.___________	
	
3.___________	
	
4.___________	
	
5.___________	
	
6.___________	
	
7.___________	
 
8.___________ 
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Lab	32	Mechanical	and	chemical	properties	of	the	CV	system	
	
Introduction	
	 The	cardiovascular	system	moves	blood	based	
several	physical	principals.		We	will	examine	those	
principals	in	this	lab	and	ways	for	the	heart	to	increase	
cardiac	output.		However,	we	will	first	begin	with	a	
review	of	what	you	should	be	learning	in	lecture.				
	 The	job	of	the	heart	is	to	pump	enough	blood	
to	maintain	blood	pressure.	The	amount	of	blood	that	
heart	is	able	to	pump	in	a	given	time	is	called	cardiac	
output	(CO)	and	it	is	proportional	to	heart	rate	(HR)	
times	stroke	volume	(CO=HRxSV).		Heart	rate,	how	
fast	the	heart	pumps,	is	influenced	by	hormones	and	
the	autonomic	nervous	system.		If	you	recall,	cardiac	
muscle	is	autorhythmic.		The	cells	of	the	SA	node	have	
a	lot	of	sodium	leak	channels	and	few	potassium	leak	
channels.		As	a	result	of	sodium	leaking	into	the	cell	
and	potassium	not	being	able	to	leave,	a	positive	charge	
builds	up	within	the	cells	of	the	SA	node.	This	causes	the	
node	to	reach	threshold	at	regular	intervals	causing	
contraction	of	the	heart.			If	you	look	at	the	picture	to	
the	left,	the	SA	node	is	slowly	becoming	more	positive	
until	it	reaches	threshold	(-40	mV).		Then	the	cell	
depolarizes	and	repolarizes.	The	sympathetic	nervous	
system	opens	calcium	channels	on	the	SA	Nodal	cells	
and	closes	the	few	open	potassium	channels.	This	
causes	the	SA	node	to	reach	threshold	more	frequently	
which	results	in	a	faster	heart	rate.		As	you	can	see	in	
the	picture	to	the	right,	the	sympathetic	nervous	system	
increases	the	rate	that	the	SA	node	reaches	threshold.		
This	increases	the	heart	rate	which	in	turn	increases	the	
amount	of	blood	that	is	ejected	per	minute	and	that	
increases	cardiac	output.		The	sympathetic	nervous	
system	will	also	speed	the	conductance	through	the	AV	
node	which	also	speeds	contraction.	The	
parasympathetic	nervous	system	has	the	opposite	
effect.	It	closes	calcium	channels	and	opens	potassium	
channels	on	nodal	cells.		The	nodal	cells	actually	
hyperpolarize	a	little	and	are	very	slow	to	reach	
threshold.	If	you	look	at	the	graph	below,	it	takes	a	long	
time	for	the	cells	to	reach	threshold	(-40	mV)	when	the	
parasympathetic	nervous	system	is	influencing	heart	
rate.		The	end	result	is	that	the	heart	rate	is	slowed.		
This	results	in	a	lower	heart	rate	and	a	lower	initial	
blood	pressure.		Certain	drugs	mimic	the	effects	of	the	
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autonomic	nervous	system	and	we	will	look	at	this	in	part	2.	
	 The	speed	of	the	heart	is	limited	
because	the	heart	needs	time	to	fill.		Therefore,	
cardiac	output	is	also	influenced	by	the	amount	
of	blood	ejected	per	each	beat	which	is	known	
as	stroke	volume.				Stroke	volume	is	controlled	
by	venous	return	and	the	force	of	contraction.		
Therefore,	the	more	blood	that	returns	to	the	
heart,	the	greater	the	amount	that	is	ejected.	
Three	factors	influence	the	return	of	blood	to	
the	heart.	The	first	is	the	skeletal	muscle	pump.		
As	you	contract	your	skeletal	muscles,	your	
veins	are	squeezed	and	blood	is	moved	back	
towards	your	heart.	The	second	one	is	the	
respiratory	pump.		Changes	in	pressure	due	to	
ventilation	patterns	essentially	create	a	suction	
effect	in	the	thoracic	cavity	which	helps	to	draw	
blood	towards	the	heart.		As	a	result	of	these	2	
factors,	the	more	you	exercise,	the	more	blood	
returns	to	the	heart.	The	third	factor	is	the	
diameter	of	the	veins.		At	rest,	60	%	of	your	
blood	is	found	in	your	veins	due	to	their	large	
lumens.		Constriction	of	veins	prevents	as	much	

blood	from	being	stored	in	the	veins	so	it	must	return	to	the	heart.		Again,	your	veins	constrict	when	
you	exercise.			
	 Stroke	volume	is	also	influenced	by	the	force	of	contraction.	Force	of	contraction	is	influenced	
by	the	autonomic	nervous	system	and	also	how	much	blood	returns	to	the	heart.		The	sympathetic	
nervous	system	not	only	causes	the	heart	to	beat	faster,	but	to	contract	with	more	force.	The	result	is	
that	more	blood	is	ejected.		Filling	of	the	heart	also	increases	stroke	volume.		Similar	to	skeletal	muscle,	
sarcomeres	are	found	in	cardiac	muscle.		After	the	contraction	cycle,	the	sarcomeres	are	found	not	
completely	contracted	but	almost	so.		As	blood	fills,	the	sarcomeres	are	stretched.		As	a	result,	they	are	
able	to	form	more	cross	bridges	and	contract	with	more	force.	Therefore,	the	greater	the	filling	of	the	
heart,	the	more	blood	is	pumped	out	not	only	because	of	the	greater	volume	but	also	because	the	
sarcomers	have	been	stretched	out	and	can	contact	with	more	force.		
Prelab	Questions	

1. What	is	cardiac	output?	
	

2. Why	is	the	SA	node	autorhythmic?	
	

3. Why	does	the	sympathetic	nervous	system	do	to	increase	heart	rate?	
	

4. What	does	the	sympathetic	nervous	system	do	to	decrease	heart	rate?	
	

5. What	is	stroke	volume?	
	

6. How	is	venous	return	linked	to	stroke	volume?	
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Part	1:	Cardio	vascular	dynamics	and	vessel	resistance	
The	heart’s	job	is	to	create	an	area	of	

high	pressure.	The	reason	for	this	is	that	
fluids	move	from	areas	of	high	pressure	to	
areas	of	low	pressure.		Therefore,	the	heart	
needs	to	create	enough	pressure	that	fluid	is	
moving	down	its	pressure	gradient	so	that	it	
flows	to	vessels	needing	oxygen	and	
nutrients.		However,	the	total	pressure	that	
the	heart	produces	doesn’t	have	to	be	that	
high.	Some	people	have	resting	blood	
pressures	of	100/60	which	is	in	fact	healthier	than	people	with	a	pressure	of	130/90.			What	actually	
matters	is	the	differential	in	pressure	between	the	two	ends	(ΔP).	The	picture	to	the	right	has	2	tubes.		
Even	though	tube	A	has	a	greater	starting	pressure	(150	mmHg	vs	100	mmHg),	the	difference	in	
pressure	between	the	2	ends	(ΔP)	is	less	than	that	of	tube	B	(25	mmHg	vs	40	mmHg).	Therefore,	tube	B	
will	have	a	greater	flow.		So	blood	flow	(I)	is	proportional	to	the	change	in	pressure	of	the	system	(	
I~ΔP).	

Flow	however	is	also	inversely	proportional	to	something	called	resistance	(R).	Therefore,	flow	
equals	the	change	in	pressure	divided	by	the	resistance	(	I=ΔP/R).		Think	about	trying	to	walk	up	a	sand	
dune	at	a	beach.	It	is	very	hard	to	walk	up	the	dune	because	you	keep	sinking	into	the	sand.	That	is	
resistance.	In	the	human	body,	resistance	opposes	flow	by	increasing	the	pressure	at	the	“downstream”	
(arteriole)	end.		Mathematically,	resistance	(R)	is	influenced	by	3	things.	Those	3	things	are	the	radius	to	
the	4th	power	(r4)	,	the	viscosity	(η)		of	blood,	and	the	length	(L)	of	the	blood	vessels.	Viscosity	(η)	is	the	
easily	to	explain.	Viscosity	(η)	is	the	thickness	of	a	fluid.			The	thicker	a	fluid	is,	the	less	it	flows.	Think	of	
honey	vs	water.	The	honey	has	more	viscosity	(η)	than	water,	so	it	flows	at	a	slower	rate.	Therefore,	the	
more	viscous	a	substance	is,	the	less	it	flows.			To	understand	how	both	length	and	affect	diameter,	you	

have	to	understand	how	fluids	move	through	a	
tube.		The	flow	(or	current)	through	a	tube	is	not	
uniform;	the	fluid	moving	along	the	edges	is	being	
slowed	by	hitting	(rubbing	against)	the	edges.	
Think	of	a	river	where	you	have	a	fast	current	in	
the	middle	but	it	is	slower	towards	the	shores	
because	the	water	is	hitting	the	sides.		Hitting	the	

edges	also	creates	turbulence.	As	a	result,	not	only	is	the	flow	
along	the	edges	slow,	but	the	current	near	the	edges.		It	creates	
something	called	laminar	flow	which	is	illustrated	in	the	picture	to	
above.			With	laminar	flow,	the	current	(flow)	in	the	middle	is	
greater	than	that	of	the	edges.		Therefore,	if	you	make	the	tube	
larger,	you	will	have	a	larger	center	and	a	quicker	flow.		This	
increases	flow	in	a	dramatic	fashion.		Flow	is	influenced	by	radius	
to	the	4th	(r4)	.	Consequently,	if	you	double	the	radius	of	a	tube,	
you	increase	the	flow	16	times	(24=16).		If	you	look	at	the	diagram	
to	the	right,	the	radius	was	doubled	from	1	mm	to	2	mm.	The	
resulting	flow	was	16	times	faster.	Therefore,	as	you	increase	the	
radius,	you	increase	the	flow	by	lowering	the	pressure	at	the	
downstream	end.	Also	as	explained	previously,	the	sides	create	
friction	or	resistance.	The	longer	a	fluid	has	to	travel	along	a	tube,	
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the	more	resistance	it	encounters.		Therefore,	the	length	(L)	of	the	vessel	inversely	affects	flow.	The	
longer	it	the	tube	(vessel)	is,	the	less	flow	(and	more	pressure)	there	will	be.		Therefore	flow	(I)	is	the	
change	in	pressure	(ΔP)	times	the	radius	to	the	4th	(r4)	divided	by	viscosity	(η)	times	length	(L)	or	I=(ΔP	*	
r4)/(η*	L).		Since	viscosity	and	length	are	fairly	constant	the	equation	is	often	simplified	I=(ΔP	*	r4).	
1. Go	to		cardiovascular	dynamics	
2. Go	to	part	1	Vessel	resistance.	
3. It	should	resemble	the	picture	below.		You	will	

be	recording	the	flow	(ml/min)	and	changing	1	
variable	at	a	time.	

4. For	part	1	(radius)	set	the	pressure,	radius,	
length,	and	viscosity	as	indicated.	Press	start,	
and	record	the	flow.	

5. Repeat	for	other	diameters.	
6. Repeat	for	part	B	(pressure),	part	C	(viscosity)	

and	part	D	(length)	
Part	A:	Radius	

Flow	 Radius	 Viscosity	 Length	 Pressure	
	 2.0	 3	 45	 90	
	 3.0	 3	 45	 90	
	 4.0	 3	 45	 90	
	 6.0	 3	 45	 90	
1. What	happened	to	flow	as	the	radius	increased?	

	
2. If	the	radius	tripples,	what	factor	should	flow	increase?	

	
Part	B	Viscosity	

Flow	 Radius	 Viscosity	 Length	 Pressure	
	 3.0	 1.5	 45	 90	
	 3.0	 3	 45	 90	
	 3.0	 4.5	 45	 90	
	 3.0	 6	 45	 90	
1. What	happened	to	flow	as	you	increased	the	viscosity?	Why?	

	
Part	C	Length	

Flow	 Radius	 Viscosity	 Length	 Pressure	
	 3.0	 3	 30	 90	
	 3.0	 3	 35	 90	
	 3.0	 3	 40	 90	
	 3.0	 3	 45	 90	

	
What	happened	to	flow	as	you	increased	the	length?	Why?	
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Part	D	Pressure	

Flow	 Radius	 Viscosity	 Length	 Pressure	
	 3.0	 3	 45	 80	
	 3.0	 3	 45	 90	
	 3.0	 3	 45	 100	
	 3.0	 3	 45	 110	

What	happened	to	flow	as	you	increased	to	pressure?	
	
	
	
	
Part	2	Effects	of	drugs	on	cardiac	muscle	

	 Cardiac	muscle	is	both	
involuntary	and	autorhythmic.		
It	is	involuntary	because	you	
do	not	have	conscious	control	
over	it.	It	is	autorhythmic	
because	it	can	contract	on	its	
own	due	to	a	rhythm	
generating	center	called	the	
SA	node.				As	mentioned	in	
the	introduction,	the	SA	node	
has	a	lot	of	sodium	leak	
channels.	As	a	result,	sodium	is	
constantly	leaking	in	bringing	
the	nodal	cells	to	threshold.		
When	nor-epinephrine	binds	
to	the	cells	of	the	SA	node,	

epinephrine	causes	calcium	leak	channels	to	open	and	potassium	leak	channels	to	close.		Calcium,	in	
addition	to	sodium,	leaks	into	the	nodal	cells	causing	them	to	reach	threshold	at	a	quicker	rate.		
Furthermore,	potassium	can	no	longer	escape.		Acetylcholine,	on	the	other	hand,	will	close	calcium	
channels	and	open	potassium	channels.		This	slows	the	leak	of	cations	(calcium)	into	the	nodal	cells	and	
allows	cations	(potassium)	to	escape.		Due	to	the	slow	but	constant	leakage	of	the	potassium	ions,	it	
takes	longer	for	the	nodal	cells	to	reach	threshold	and	to	depolarize.		
	 Drugs	can	affect	heart	rate	by	either	mimicking	one	of	those	neurotransmitters	or	blocking	it.	If	
a	drug	blocks	a	receptor	it	is	called	an	antagonist.		An	example	would	be	beta	blockers.			Beta	blockers	
bind	to	the	beta	epinephrine	receptors	on	the	heart	preventing	norpinephrine	/	epinephrine	from	
binding.	As	a	result,	the	calcium	channels	stay	closed	and	the	potassium	channels	open	and	the	heart’s	
rate	slows	down.	If	a	binds	to	the	channel	mimicking	the	neurotransmitter’s	effect,	it	is	called	an	
agonist.	Muscarine	is	an	agonist	of	muscarinic	acetylcholine	receptors.	Therefore	muscarine,	which	is	
found	in	certain	mushroom	species,	will	slow	the	heart.			Most	agonists	and	antagonists	are	targeted	for	
specific	receptors.	For	instance,	curare,	a	nicotinic	acetylcholine	antagonist,	will	have	no	effect	on	the	
heart.		
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In	this	section	we	will	look	at	some	of	those	artificial	drugs	that	are	agonists	or	antagonists	to	the	
neurotransmitters	that	affect	the	heart.		This	
activity	will	look	at	the	effects	of	4	chemicals	on	the	
heart	rate.			
Go	to	Exercise	6	à	Cardiac	physiology	
Go	to	experiment	à	Modifiers	of	heart	rate	

1. Record	resting	heart	rate.	
2. Place	the	first	substance	(Pilocarpine)	on	

the	heart.	
3. Record	the	heart	rate.	
4. Rinse	the	heart	by	clicking	on	the	23	degree	

Ringer’s	solution.	
5. Record	the	recovered	heart	rate.	Repeat	for	

all	other	substances	listed	below.	

	
	
Rest	 Pilocarpine	 Recovery	 Atropine	 Recovery	 Epinephrine		 Recovery	 Digitalis	
	 	 	 	 	 	 	 	
	

1. Atropine	is	a	parasympathetic	(muscarinic	acetylcholine	receptor)	blocker	from	the	deadly	
nightshade	family.	How	does	the	result	of	the	atropine	treatment	support	that	fact?	
	

2. How	could	atropine,	in	large	doses,	be	fatal?				
	

3. Pilocarpine	affects	muscarinic	acetylcholine	receptors.		Based	on	your	results,	is	pilocarpine	a	
parasympathetic	agonist	or	antagonist?	Explain?	
	
	

4. What	did	epinephrine	do	to	heart	rate?	Explain	why	it	does	this	based	on	your	lecture	notes.	
	

5. What	did	digitalis	do	to	heart	rate?	
	

Part	3	The	effects	of	sports	and	energy	drinks	on	heart	rate	and	blood	pressure.	
Cardiac	output	(CO)	is	the	measure	of	how	much	blood	is	pumped	out	each	minute.			Mathematically,	a	
person’s	cardiac	output	equals	their	heart	rate	(HR)	times	their	stroke	volume	(SV)	which	is	the	amount	
of	blood	ejected	per	each	heartbeat.	Thus,	CO=HR	x	SV.		Heart	rate	is	affected	by	the	parasympathetic	
and	sympathetic	nervous	systems	with	the	vagus	nerve	trying	to	slow	down	the	heart	and	multiple	
sympathetic	neurons	trying	to	speed	up	the	heart.		Stroke	volume	is	determined	by	venous	return.		
Venous	return	can	be	increased	by	constriction	of	veins	which	reduces	the	capacity	of	the	veins	to	store	
or	hold	blood.		This	is	achieved	by	an	increase	in	sympathetic	stimulation.	Likewise,	the	capacitance	of	
the	veins	can	be	increased	by	decreased	sympathetic	stimulation.	A	second	way	to	increase	venous	
return	is	to	increase	skeletal	muscle	contraction.	This	milks	the	veins	forcing	more	blood	back	to	the	
heart.	Cardiac	output	in	turn	affects	systemic	pressure.	When	the	body	is	at	rest,	it	is	very	sensitive	to	
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changes	in	blood	pressure	due	to	baroreceptors	located	in	the	arch	of	the	aorta.		When	blood	pressure	
increases	while	you	are	at	rest,	the	baroreceptors	detect	this	change	and	send	a	signal	to	two	centers	of	
the	medulla.		The	cardiovascular	center	will	send	signals	via	the	vagus	to	slow	heart	rate	(lowering	
cardiac	output)	and	the	vasomotor	center	will	release	sympathetic	stimulation	on	the	arteries,	lowering	
blood	pressure.	Conversely,	if	there	is	a	drop	in	pressure	the	baroreceptors	detect	this	change	too	and	
the	opposite	happens.	Sympathetic	stimulation	increases	the	heart	rate	and	sympathetic	stimulation	
constrict	both	veins	and	arteries	raising	the	blood	pressure.		Therefore,	heart	rate	and	blood	pressure	
are	closely	related.		

Motor	pathways,	which	descend	through	the	medulla,	cause	heart	rate,	breathing,	and	blood	
pressure	to	instant	increase	when	we	begin	to	exercise.				Epinephrine	causes	the	heart	to	beat	faster	
and	more	forcefully.		Epinephrine	also	causes	veins	to	constrict.	The	constriction	of	veins	means	that	
more	blood	is	returned	to	the	heart;	thus,	stroke	volume	is	increased.		As	a	result,		cardiac	output	is	
greatly	increased	which	increases	blood	pressure.		These	changes	all	happen	in	a	matter	of	seconds.	The	
recovery	of	this	varies	and	the	purpose	of	this	is	to	demonstrate	that	resting	pulse	and	resting	blood	
pressure	change	at	different	levels.	

PLEASE	DO	NOT	VOLUNTEER	TO	BE	THE	TEST	SUBJECT	IF	YOU	HAVE	ANY	HEALTH	PROBLEMS	OR	DO	NOT	
NORMALLY	DRINK	THE	DRINK	IN	QUESTION.	
Procedure:	

1. Measure	the	test	subjects	resting	heart	rate	and	blood	pressure.		
2. Have	the	subject	drink	1	12	ounce	“serving”	of	the	drink.		
3. Record	BP	and	Pulse	immediately	after	they	drink	the	drink	and	every	4	minutes	thereafter	

for	30	minutes.	
4. Calculate	the	mean	arterial	blood	pressure	(	[(2	x	diastolic)+systolic]	/	3)	
5. Record	your	results	

	

Substance_____________________	
	 Blood	Pressure		 Pulse	

(BPM)		
Mean	arterial	pressure	(MAP)	
	[(2	x	diastolic)+systolic]	/	3	

Baseline		 Systolic		 /	Diastolic		 	 	
Immediately	After		 Systolic		 /	Diastolic		 	 	
5	minutes	Post				 Systolic		 /	Diastolic		 	 	
10	minutes	Post				 Systolic		 /	Diastolic		 	 	
15	minutes	Post				 Systolic		 /	Diastolic		 	 	
20	minutes	Post				 Systolic		 /	Diastolic		 	 	
	
Data	analysis	
First	calculate	%	of	original	for	each	substance	for	both	pulse	(BPM)	and	MAP.	To	do	this,	take	
each	value	and	divide	it	by	the	baseline	value.	Then	multiply	by	100	

	 %		of	original	pulse	(BPM)		 %	of	original	Mean	arterial	pressure	
	

Baseline		 	 	
Immediately	After		 	 	
5	minutes	Post				 	 	
10	minutes	Post				 	 	
15	minutes	Post				 	 	
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20	minutes	Post				 	 	
	
	
Put	your	data	on	the	computer	for	both	MAP	and	BP.	You	will	take	the	mean	at	home.	
For	each	substance,	graph	the	mean	BP	on	1	graph	and		mean	MAP	on	the	other.	Time	is	your	X	
variable	and	MAP/BP	your	Y.	
	
	
• Explain	the	control	line	and	why	we	need	a	control	line.	
• Explain	the	line	for	the	caffeinated	drinks	and	reasons	for	increases	or	decreases.	
• Explain	if	HR	and	MAP	have	similar	patterns	or	not.		
• Explain	which	returned	to	normal	first	and	what	that	means.	
• Reasons	for	erroneous	points.	
• What	you	learned.	

Part	3	Effects	of	exercise	on	blood	pressure	and	exercise	
	 Cardiac	output	(CO)	is	the	measure	of	how	much	blood	is	pumped	out	each	minute.			
Mathematically,	a	person’s	cardiac	output	equals	their	heart	rate	(HR)	times	their	stroke	volume	(SV)	
which	is	the	amount	of	blood	ejected	per	each	heartbeat.	Thus,	CO=HR	x	SV.		Heart	rate	is	affected	by	
the	parasympathetic	and	sympathetic	nervous	systems	with	the	vagus	nerve	trying	to	slow	down	the	
heart	and	multiple	sympathetic	neurons	trying	to	speed	up	the	heart.		Stroke	volume	is	determined	by	
venous	return.		Venous	return	can	be	increased	by	constriction	of	veins	which	reduces	the	capacity	of	
the	veins	to	store	or	hold	blood.		This	is	achieved	by	an	increase	in	sympathetic	stimulation.		Likewise,	
the	capacitance	of	the	veins	can	be	increased	by	decreased	sympathetic	stimulation.			A	second	way	to	
increase	venous	return	is	to	increase	skeletal	muscle	contraction.		This	milks	the	veins	forcing	more	
blood	back	to	the	heart.				Cardiac	output	in	turn	affects	systemic	pressure.			When	the	body	is	at	rest,	it	
is	very	sensitive	to	changes	in	blood	pressure	due	to	baroreceptors	located	in	the	arch	of	the	aorta.		
When	blood	pressure	increases	while	you	are	at	rest,	the	baroreceptors	detect	this	change	and	send	a	
signal	to	two	centers	of	the	medulla.		The	cardiovascular	center	will	send	signals	via	the	vagus	to	slow	
heart	rate	(lowering	cardiac	output)	and	the	vasomotor	center	will	release	parasympathetic	stimulation	
on	the	arteries,	lowering	blood	pressure.	Conversely,	if	there	is	a	drop	in	pressure	the	baroreceptors	
detect	this	change	too	and	the	opposite	happens.	Sympathetic	stimulation	increases	the	heart	rate	and	
sympathetic	stimulation	constrict	both	veins	and	arteries	raising	the	blood	pressure.		Therefore,	heart	
rate	and	blood	pressure	are	closely	related.		
	
Motor	pathways,	which	descend	through	the	medulla,	cause	heart	rate,	breathing,	and	blood	pressure	
to	instantly	increase	when	we	begin	to	exercise.				Epinephrine	causes	the	heart	to	beat	faster	and	more	
forcefully.		Epinephrine	also	causes	veins	to	constrict.	The	constriction	of	veins	means	that	more	blood	is	
returned	to	the	heart;	thus,	stroke	volume	is	increased.		As	a	result,	cardiac	output	is	greatly	increased	
which	increases	blood	pressure.		These	changes	all	happen	in	a	matter	of	seconds.	The	recovery	of	this	
varies	and	the	purpose	of	this	is	to	demonstrate	that	resting	pulse	and	resting	blood	pressure	change	at	
different	levels.	
	
Take	the	baseline	(resting)	pulse	and	blood	pressure	for	one	person.	Then	have	them	run	in	place	for	5	
minutes.	Take	their	pulse	and	blood	pressure	directly	after	they	exercise,	then	at	5	minutes	10,	15	and	
20	minutes.		
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	 Blood	Pressure		 Mean	arterial	pressure	
	[(2	x	diastolic)+systolic]	/	3	 Pulse	(BPM)		

Baseline		 Systolic		 /	Diastolic		 	 	
Immediately	After		 Svstolic		 /	Diastolic		 	 	
5	minutes	Post	exercise		 Systolic		 /	Diastolic		 	 	
10	minutes	Post	exercise		 Systolic		 /	Diastolic		 	 	
15	minutes	Post	exercise		 Systolic		 /	Diastolic		 	 	
20	minute	post	exercise	 Systolic		 /	Diastolic		 	 	

Make	2	bar	graphs.	1	showing	MAP	(Y	Axis)	vs	time	(X	axis)	and	the	other	showing	pulse	(Y	axis)	
vs	time	(X	axis).	
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Lab	33	The	Lymphatic	System	
Intro	to	the	lymphatic	system	

	To	facilitate	exchange	at	the	capillary	level,	
capillaries	have	filtration	pores.	Nutrients,	along	with	blood	
plasma,	exit	through	these	pores.	Most	of	that	fluid	is	
recaptured,	along	with	cellular	waste	products,	due	to	
albumin	contained	in	the	blood	at	the	venule	end	of	the	
capillary	bed.	However,	some	of	that	fluid	is	lost	and	must	
be	recaptured	and	that	is	the	job	of	the	lymphatic	system.	
	 Lymph	capillaries	are	found	in	every	capillary	bed.			
If	the	osmotic	pressure	of	the	extra	cellular	fluid	is	greater	
than	that	of	the	lymph	capillary,	fluid	enters	through	one-
way	“valves”,	which	are	really	flaps	of	overlaying	epithelial	
tissue.		The	lost	fluid,	which	is	now	called	lymph,	causes	the	
lymph	capillary	to	swell	which	essentially	closes	the	flaps.	The	lymph	is	then	moved	back	to	the	
cardiovascular	due	to	the	skeletal	muscle	pump,	through	lymph	vessels	that	resemble	small	
thin	veins.			

	At	certain	points	along	the	lymph	vessels	
you	will	find	lymph	nodes.			Lymph	nodes	are	
encapsulated	organs	that	filter	lymph.		The	
fibrous	capsule	has	numerous	canals,	called	
trabeculae,	which	take	lymph	through	the	node	
and	divide	the	node	into	compartments.		The	
outer	compartments	are	found	in	the	cortex	and	
contain	lymph	nodules.		These	nodules	contain	T	
lymphocytes	on	the	outside	and	B	cells,	with	
some	dendritic	cells	and	macrophages,	on	the	
inside.	All	trabeculae	lead	to	the	medulla	where	

you	find	B	cells	and	macrophages	attached	(fixed)	to	reticular	fibers.		The	function	of	these	
white	blood	cells	is	to	filter	the	lymph	(fluid)	for	pathogens	and	debris.		Large	clusters	of	lymph	
nodes	can	be	found	in	the	neck,	called	cervical	lymph	nodes,	in	
the	arm	pits,	called	axillary	lymph	nodes,	and	the	groin,	called	the	
inguinal	lymph	nodes.			We	will	look	at	the	structure	of	the	lymph	
nodes	in	a	later	activity.		Lymph	flows	into	the	lymph	node	
through	several	afferent	lymph	vessels.	The	lymph	is	filtered	
through	the	cortex	and	medulla	and	exits	through	an	efferent	
vessel.	The	efferent	vessel,	along	with	a	vein	and	an	artery,	exit	in	
a	concave	section	called	a	helium.	

All	lymph	vessels	drain	into	one	of	5	lymph	trunks.	Lymph	
from	the	head	and	neck	drains	into	the	left	and	right	jugular	
trunks	while	the	arms	drains	into	the	right	and	left	subclavian	
trunks.		Lymph	from	the	thorax	drains	into	the	left	and	right	
bronchomediatinal	trunks.	Lymph	from	the	legs	finds	its	way	to	
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the	left	and	right	lumbar	trunks	and	they	merge	at	the	cistern	
chili	with	lymph	from	the	intestinal	(abdominal)	trunk.	From	
the	cistern	chili,	the	lymph	travels	up	the	thoracic	trunk	which	
also	gets	lymph	from	the	left	jugular	and	left	
bronchomediasternal	trunk.	Lymph	then	returns	to	the	left	
subclavian	vein.				The	right	Jugular	and	right	subclavian	trunk	
merge	to	form	the	right	lymph	duct	and	drain	into	the	right	
subclavian	vein.			

You	also	have	lymphatic	tissue	in	your	in	your	mouth,	
your	small	intestines,	and	your	large	intestine.		Since	these	
tissues	are	associated	with	your	mucosa	membranes,	they	are	
called	Mucosal	Associated	Lymphatic	Tissue	or	MALT	for	short.		
The	MALT	typically	consists	of	lymph	nodules	embedded	in	
different	tissues.	For	instance,	your	tonsils	are	semi-
encapsulated	collections	of	lymph	nodules,	which	serve	to	catch	
bacteria,	from	the	nasal	and	oral	
cavities,	before	they	can	enter	
your	body.				
		 The	MALT	of	the	intestines	

is	interesting	because	it	serves	2	purposes.	First,	the	walls	of	the	
last	third	of	the	small	intestines	are	lined	with	tiny	lymph	
nodules.	These	nodules	serve	to	remove	bacteria	that	have	
managed	to	escape	digestion.	This	is	quite	ironic	since	salmonella	
tricks	the	macrophages	in	these	nodules	to	take	it	(salmonella)	
into	the	body.		Secondly,	the	villi,	which	are	folds	in	the	lining	of	
the	small	intestines,	have	large	lymph	capillaries	called	lacteals.			
It	is	the	job	of	the	lacteals	to	absorb	lipids	from	digestion	so	that	
the	lymphatic	system	can	take	the	lipids	to	the	circulatory	system.	
As	a	result,	the	lymph	in	the	intestinal	trunk	is	different	since	it	
contains	lipids	in	it.		As	a	result,	it	is	a	milky	white	in	color.						

Part	1:				Histology	of	lymph	nodes	and	nodules	
	 Lymph	nodes	are	collections	of	lymph	nodules	
that	are	encapsulated	and	held	together	by	reticular	
tissue.		In	the	cortex	of	the	lymph	nodes,	you	will	find	
several	nodules	that	contain	T	lymphocytes		(outside	
dark)	and	B	lymphocytes		(center	and	light)	Lymph	
enters	the	node	through	several	afferent	lymph	vessels	
and	travels	between	the	nodules	through	channels	
called	trabeculae.			There,	it	essentially	pools	in	the	
medulla	which	has	macrophages	and	B	lymphocytes		
affixed	to	it.		The	lymph	nodes	function	to	filter	lymph	

for	pathogens	or	fragments	from	pathogens.		B	lymphocytes	directly	respond	to	pathogens	
(especially	bacteria)	where	the	macrophages	ingest	cell	fragments	and	present	them	to	the	T	
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lymphocytes	in	the	nodules.		Thus,	the	nodes	tend	to	swell	when	
you	are	sick.	Lymph	eventually	leaves	via	an	efferent	lymph	
nodule.					
As	mentioned	on	the	previous	page,	you	have	lymph	nodules	in	your	
small	intestines,	and	these	are	especially	common	in	your	ilium.		These	
nodules,	which	are	called	peyer’s	patches,	can	be	found	between	the	
epithelial	layer,	which	is	called	the	mucosal,	and	the	muscular	layer,	
which	is	called	the	muscularis,	of	your	intestines.		You	can	see	in	the	
picture	to	the	left	the	2	different	tissues	within	the	peyer’s	patches.	The	
T	cells	are	on	the	outside	while	the	B	cells	are	inside.	The	peyer’s	
patches	also	contain	numerous	macrophages;	a	unique	feature	among	
lymph	nodules.			
	
Obtain	a	microscope	slide	of	both	the	lymph	nodule	and	the	ilium	
Draw	the	structures	and	label	the	structures	that	are	labeled	in	the	pictures.		
	
	
	
	
	
	
	
	
	
	
	
	
	 	 Lymph	Node	 	 	 	 	 	 Peyer’s	Patches		
Part	2	Lymphocytes	
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	 Red	bone	marrow	is	sometimes	considered	part	of	
the	lymphatic	system	due	to	it	being	the	origin	of	all	
lymphocytes	and	the	site	that	B	lymphocytes	(B	cells)	
mature	in.		All	lymphocytes	start	out	form	lymphoid	
progenitor	cells	in	the	bone	marrow.	Some	of	these	cells	
migrate	to	the	thymus,	which	produces	T	lymphocytes	(T	
cells),	dendritic	cells,	and	natural	killer	cells,	while	others	
remain	in	the	bone	marrow.		The	cells	that	remain	in	the	
bone	marrow	become	that	B	progenitor	cells	and	produce	
B	cells	through	your	adult	life.	The	B	cells	will	eventually	
“mature”	and	become	immunocompetent	cells.	Some	books	
claim	that	this	happens	in	the	bone	marrow	while	others	
claim	it	happens	in	the	spleen.		A	new	theory	states	that	
they	mature	in	the	germinal	centers	of	lymph	nodules.	
		 	As	B	cells	mature,	specific	antibodies	
(immunoglobulins)	are	created	and	are	linked	with	
membrane	receptors	on	the	B	cell.		These	antibodies	are	
“checked”	to	make	sure	that	they	do	not	interact	with	self-
antigens	and	then	the	naïve	B	cells	are	released	into	
circulation.				Each	naïve	B	cells	is	thought	to	contain	
antibodies	for	1	specific	antigen.	(Therefore,	you	have	
billions	of	progenitor	cells	responsible	for	billions	of	
different	lines	of	B	cells	with	different	antigens.)			When	a	B	
cell	(naïve	or	memory)	encounters	its	antigen,	it	makes	
clones	(copies)	of	itself.			Most	of	these	clones	are	short	

lived	plasma	B	cells.	Instead	of	having	antibody	receptors,	it	secretes	antibodies	into	the	blood.	
The	antibodies	will	either	agglutinate	antigens	or	help	with	complement	fixation.			The	other	
clones	are	longer	lived	memory	B	cells.	These	cells	look	for	past	pathogens	to	mount	stronger	
responses	if	encountered	again.	After	each	exposure	to	an	antigen,	you	create	more	and	more	
memory	B	cells.(	naïve	B	cell	generally	are	fewer	in	number	and	constantly	being	made	and	
destroyed.)		The	majority	of	the	B	cells	can	be	found	in	the	lymph	nodules	of	the	spleen	and	the	
lymph	nodes.		B	cells	also	need	to	be	activated	by	a	T	cell	to	fully	react	to	their	antigen.	
	 T	cells	also	start	out	in	the	bone	marrow	
but	migrate	early	on	to	the	thymus.	Some	
lymphoid	progenitor	cells	migrate	to	the	thymus	
and	become	T	progenitor	cells.	There	the	T	cells	
can	become	dendritic	cells,	T	cells	(T	
lymphocytes),	suppressor	T	cells,	or	natural	killer	
cells.		
	 T	Lymphocyes	develop	in	the	thymus	
(more	below)	where	the	thymus	ensures	that	the	
T	lymphocytes	do	not	attack	self-antigens	and	are	
able	to	bind	with	the	major	histocompatibility	
complex	II		(MHC	II)	protein.	If	the	T	lymphocyte	
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fails	to	do	the	latter	or	does	the	former,	it	is	destroyed.		The	reason	major	histocompatibility	
complex	II		(MHC	II)	interaction	is	important	is	T	lymphocytes	have	to	have	the	antigen	
presented	to	them	by	antigen	presenting	cells	(either	macrophages	or	dendritic	cells).			Mature	
T	cells	leave	as	either	cytotoxic	T	cells	or	helper	T	cells	These	cells	differ	based	on	their	surface	
proteins	and	their	function.		When	cytotoxic	T	cells	are	presented	with	their	antigen,	they	
inject	chemicals	into	the	abnormal	cell,	causing	it	to	die.	cytotoxic	T	cells	are	also	able	to	bind	
to	the	major	histocompatibility	complex	I	protein.			This	protein	is	expressed	by	“self”	cells.		
The	cytotoxic	T	cells	are	looking	for	cells	making	abnormal	proteins	(such	as	the	liver	making	
keratin)	or	viral	proteins.		Therefore,	cytotoxic	T	cells	play	a	role	in	viral	infections	and	in	
preventing	cancer.			Helper	T	cells,	when	presented	with	the	antigen,	coordinate	the	immune	
response.		Helper	T	cells	release	cytokines	and	interlukins	that	activate	and	attract	other	
immune	cells.	Essentially,	helper	T	cells	tell	both	B	cells	and	cytotoxic	T	cells,	along	with	
macropages,	neutrophils,	and	eocinophils,	where	an	infection	is.		Helper	T	cells	also	
differentiate	into	longer	lived	“memory	T	cells”.		These	cells	patrol	the	body	for	long	periods	
looking	for	past	pathogens	such	as	chicken-pox.	Yet	again,	memory	T	cells	need	the	antigen	
presented	to	them.		

The	(lymphoid)	
dendritic	cells	are	embed	
in	lymphoid	tissues	such	as	
the	lymph	nodes,	spleen	
and	tonsils	and	express	IgE	
antibodies	receptors	for	all	
previously	encountered	
pathogens.		When	an	
antigen	is	encountered,	
the	dendritic	cell	
phagocytizes,	with	
receptor	mediated	
phagocytosis,	the	antigen	
and	presents	the	antigen	
to	T	cells.		Please	note	that	
there	are	also	non	
lymphoid	dendritic	cells	as	
well.	These	are	embedded	

in	mucus	membranes	and	the	skin.	Like	the	lymphoid	dendritic	cells,	they	present	their	antigen	
to	the	T	cells	in	the	lymph	nodes.	However,	they	derive	from	monocytes.	
	 Natural	killer	cells	are	very	similar	to	cytotoxic	T	cells.	These	cells	check	the	major	
histocompatibility	complex	I	protein	on	cells	for	irregular	proteins.	As	the	name	implies,	if	an	
incorrect	protein	is	found,	the	cell	is	killed.	It	is	thought	that	the	natural	killer	cells	help	surpass	
cancerous	cells.		Suppressor	T	cells	stop	the	immune	response.		
Part	3.	The	Thymus	Histology	and	Function	
The	thymus	leads	a	double	life	as	part	of	both	the	immune	and	endocrine	system.	The	thymus	
is	a	bi-lobed	gland	that	sits	anterior	and	superior	to	the	heart	and	anterior	to	the	great	vessels	
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and	trachea.					Unlike	most	organs,	it	is	the	largest	during	childhood	and	slowly	atrophies	
throughout	one’s	life	though	it	never	really	disappears.		
	 Each	lobe	is	made	up	of	several	smaller	lobules	held	together	by	a	dense	irregular	
connective	tissue	capsule.		As	seen	with	the	adrenal	gland,	the	lobules	are	divided	into	an	outer	
cortex	and	an	inner	medulla.		
	 The	function	of	the	thymus	is	to	assist	in	the	maturation	of	
T	lymphocytes	and	to	destroy	T	lymphocytes	that	would	attack	
self-antigens.			The	job	of	the	cortex	is	to	ensure	the	surface	
receptors	on	the	T	lymphocytes	are	able	to	bind	to	the	major	
histocompatibility	complex	II		(MHC	II)	protein	on	macrophages.		
This	process	occurs	in	several	rounds	to	ensure	that	the	T	
lymphocytes	can	become	active	in	the	immune	response.	Cells	that	
are	able	to	bind	to	MHC	II	are	positively	selected	for	and	brought	
into	the	medulla.			The	medulla	modifies	and	arranges	gene	
receptors	so	that	they	target	specific	cell	markers	(called	antigens).		
The	cells	then	go	through	negative	selection	for	auto	reactive	T	
lymphocytes.	If	the	T	lymphocytes	is	auto	reactive,	attacks	the	
body’s	own	cells,	it	is	destroyed	before	being	sent	into	circulation.	
	 The	thymus	produces	the	hormone	thymulin	that	appears	
to	have	both	endocrine	and	paracrine	effects.	The	paracrine	effect,	
which	means	that	it	acts	on	the	cells	around	it,	is	to	aid	in	the	maturation	of	T	lymphocytes	and	
natural	killer	cells.		It	appears	that	as	levels	of	ACTH	increase,	so	do	the	levels	of	thymulin.	It	is	
also	believed	that	thymulin	also	aids	in	the	development	of	B	lymphocytes	in	the	bone	marrow.		
Label	the	cortex	of	a	lobule,	the	medulla,	the	areolar	CT	and	the	capsule	

		
	
	
	
	
	
	
	
	
	
	
	
	

	
Part	4	the	spleen	

While	the	butt	of	a	lot	of	jokes,	the	spleen	plays	an	important	
role	in	both	the	circulatory	and	the	immune	system.		The	spleen	has	
often	been	called	a	“lymph	node	on	steroids”	because	it	filters	the	blood	
of	pathogens.	The	splenic	artery	enters	the	spleen	in	a	concave	region	
called	the	hilum	while	the	splenic	vein	leaves	from	the	hilum.		
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The	spleen	is	made	up	of	red	pulp	and	white	pulp	which	are	in	reality	different	types	of	blood	
cells	held	together	by	reticular	tissue.	Most	of	the	spleen	is	red	pulp	and	within	the	red	pulp	are	nodules	
of	lymphocytes	that	are	called	the	white	pulp.		At	the	center	of	white	pulp	is	a	central	artery.	Blood	
travels	through	the	central	artery	and	leaks	through	the	white	pulp	into	the	red	pulp.	Therefore,	the	
white	pulp	filters	the	blood	as	it	enters	the	spleen.	

		Blood	then	enters	sinuses	within	the	spleen.	Due	to	the	red	color	of	these	sinuses,	this	is	called	
the	red	pulp	of	the	spleen.		Old	red	blood	cells	are	destroyed/recycled	in	the	red	pulp	and	the	red	pulp	
serves	as	a	reserve	blood	supply.				The	red	pulp	also	contains	a	reserve	supply	of	monocytes.				The	
white	pulp	also	produces	many	of	the	free	antibodies	that	float	through	the	blood	while	macrophages	
will	eat	antibody	bound	bacteria	or	viral	fragments	that	get	filtered	by	the	spleen.	
Observe	a	model	(or	picture)	of	the	spleen.		Then	draw	the	spleen	and	label	the	hilum,	splenic	artery,	
and	splenic	vein.		
	
	
	
	
	
	
	
	
	
	
	
Followup	

	
Label	the	structure	
1.___________________Trunk	
	
2.	___________________Trunk	
	
3.		__________________	Nodes	
	
4.	__________________	
	
5.	__________________Duct	
	
6.	__________________	Duct	
	
7.	__________________Trunk	
	
8.__________________Nodes	
	
9.	__________________Trunk	
	
Not	shown:	Cervical	Nodes	
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Label	the	parts	of	the	lymph	node	below.			
	

1._____________	
	
2.	Cortex	
	
3.______________	
	
4.______________	
	
5.	_____________	
	
6.	Medullary	Cords	
	
	
	
	
Part	3	Match	the	blood	cell	with	its	function	
	
	 1. Antigen	presenting	cell	of	lymphocyte	line.	Presents	antigen	

to	T	cells.	
A.	Cytotoxic	T	cell	

	 2. Antigen	presenting	cell	of	myeloid	cell.	Migrates	from	skin	
or	mucus	membranes	to	present	antigen	to	T	cell.	

B.	Helper	T	cell	

	 3. B	cell	that	produces	antibodies	and	secretes	them	into	the	
blood.	

C.	Lymphoid	dendridic	cell	

	 4. Checks	only	MHC	I	protein	(not	antigen	specific).	Kills	cells.	 D.	Memory	B	cells	
	 5. Long	lived	T	cell	that	looks	for	viruses	you	have	been	

exposed	to	
E.	Memory	T	Cell	

	 6. Long	lived	B	cell	with	antibody	“receptors”	mounted	on	
cytoplasm.	

F.	Myeloid	dendritic	cell   

	 7. Presented	antigen	by	macrophage	or	MHC	I	protein,	injects	
chemicals	that	kill	cell	

G.	Naïve	B	cell	

	 8. Releases	cytokins	and	interleukins	that	activate	all	other	
blood	cells	

H.	Natural	killer	(T)	cell	

	 9. Short	lived	B	cell	with	antibody	“receptors”	mounted	on	
cytoplasm.	

I.	Plasma	(B)	cell	
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Lab	34	Enzyme	Linked	ImmunoSorbant	Assay	
An	ELISA	(Enzyme-Linked-ImmunoabSorbant-Assay)	is	a	common	immunological	test	

that	can	be	used	to	test	for	the	presence	or	absence	of	a	substance	or	disease	in	a	person’s	
blood/urine.			This	may	sound	like	a	drug	test	and	in	fact,	ELISAs	are	sometimes	used	for	drug	
testing.			The	test	takes	advantage	of	the	human	body’s	antibody-antigen	system	to	give	a	
highly	accurate	result	at	a	very	low	cost	(in	terms	of	both	time	and	money).			Many	of	you	are	
familiar	with	the	test	already.		The	home	pregnancy	test	is	an	ELISA.		As	you	probably	already	
know,	home	pregnancy	tests	test	for	a	hormone	(HCG)	produced	by	a	developing	embryo	that	
is	present	in	the	urine	of	the	mother.			
	 However,	let	us	back	up	for	a	minute	
to	review	the	antibody-antigen	system.	An	
antigen	is	a	surface	marker	found	on	cells	that	
can	be	used	to	identify	the	cell	in	some	way.		
You	have	heard	of	the	ABO	blood	typing	
system.	That	refers	to	one	of	three	possible	
antigens	that	are	found	on	red	blood	cells.	All	
three	are	oligosaccharides	(short	chain	
carbohydrates)	that	are	associated	with	urea	
channels.			These	markers	can	be	used	to	
identify	the	cell	in	some	way	(we	use	it	to	
identify	one	of	4	major	blood	types.).		You	
have	also	heard	of	the	RH/D	antigen	system	on	red	blood	cells	as	well.		That	antigen	is	a	
membrane	protein	that	is	believed	to	be	an	ion	channel	of	some	sort.	A	third	red	blood	cell	
antigen,	which	you	most	likely	have	not	heard	of,	is	the	P	antigen.		That	antigen	is	a	glycolipid	
found	on	the	cell	membranes.		In	short	an	antigen	can	be	a	protein,	a	glycolipid	or	a	
glycoprotein	that	is	found	on	the	membrane	of	the	cell	that	can	be	used	to	identify	the	cells.		
For	instance	Helper	T	Cells	are	sometimes	called	CD4	cells	due	to	a	glycoprotein	on	the	cells	
and	this	glycoprotein,	since	it	can	be	used	to	ID	the	cell,	is	considered	an	antigen.	In	short,	any	

surface	structure	on	the	cell	membrane	is	
a	possible	antigen.	
	 Antibodies	are	small	proteins	
produced	by	your	B	lymphocytes.			While	
antibodies	generally	have	a	similar	shape	
(the	prototypical	Y)	to	one	another	they	
have	unique	active	sites	on	the	ends.		
These	active	sites	will	line	up	with	specific	
shapes	of	antigens.		If	you	look	at	the	two	
bacteria	to	the	left	(alpha	and	gamma)	
the	antibody	for	alpha	lines	up	perfectly	
on	the	antigens	on	bacteria	alpha.		
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However,	the	antibody	for	alpha	does	not	fit	on	the	antigens	for	bacteria	gamma.		Conversely,	
the	antibody	for	gamma	fits	perfectly	on	the	antigens	on	bacteria	gamma	but	not	on	antigens	
on	bacteria	alpha.	

	 Now	back	to	the	ELISA	test.	The	ELISA	
takes	advantage	of	this	antibody-antigen	
system.	Generally,	when	you	run	an	ELISA,	
you	are	using	an	antibody	to	look	for	a	
specific	antigen	such	as	HCG	or	an	antigen	to	
look	for	a	specific	antibody	such	as	in	an	HIV	
test.	Since	we	will	be	looking	for	antibodies	in	
serum,	I	will	describe	the	former	to	you.	
		First,	an	antigen	is	fixed		to	the	bottom	of	a	
well.	So	in	the	example	to	the	left,	the	HIV	
antigen	was	fixed	to	the	bottom	of	2	wells.		
Our	plate	will	come	with	about	80	wells	with	
the	antigen	already	prefixed	to	the	well.			
Blood	serum	(plasma)	is	added	to	each	well	
via	a	micropipette.		If	the	antibody	is	present	
in	the	serum,	it	binds	to	the	antigen	that	is	
coated	on	the	bottom	of	the	well.	If	the	
antigen	is	not	present,	no	binding	occurs	(see	
picture	2	left),			Sometimes	a	set	of	series	
dilutions	is	done.	This	lets	you	know	how	
concentrated	the	substance	is.	We	will	not	do	
the	serial	dilutions	in	our	test	however.			In	
the	next	step	(picture	3)	something	called	a	
conjugate	is	added.		The	conjugate	consists	
of	bioengineered	antibodies	for	antibody	
that	we	are	looking	for.	Thus	in	our	example,	
the	conjugate	has	antibodies	for	the	HIV	
antibody	and	just	to	confuse	you	they	are	
called	anti-HIV	antibodies.		If	the	HIV	
antibody	is	present	in	our	well	(picture	3	left),	
the	conjugate	binds	to	it.	If	not,	the	
conjugate	binds	to	nothing	in	the	well.			This	
mixture	is	then	allowed	to	sit	for	10	minutes	
to	ensure	proper	binding	of	the	conjugate	to	
the	antibody	and	the	antibody	to	the	
antigen.	In	a	normal	ELISA,	the	plate	is	then	
washed,	but	in	our	simulation	we	will	not	

wash	the	plate.		The	reason	the	wash	is	to	remove	the	conjugate	from	any	well	that	does	not	
contain	the	antibody	(or	substance)	we	are	looking	for.		You	will	notice	that	our	bioengineered	
antibodies	also	contain	an	enzyme	attached	to	them.		In	the	last	step,	a	chromogen	is	added.				
The	chromogen	is	a	substrate	that	the	enzyme	will	split.	Typically	when	the	chromogen	is	split	
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it	gives	off	a	florescent	or	a	reddish	color.		
The	more	antibodies	present,	the	more	
the	conjugate	binds.	The	more	the	
conjugate	that	binds,	the	more	enzymes	
are	present	and	the	darker	the	color.		The	
advantage	of	this	is	it	can	be	used	to	tell	
the	relative	concentrations.		One	major	
disadvantage	of	the	ELISA	is	that	it	is	any	
similar	antigen	or	antibody	can	be	bound	

and	it	can	give	off	a	false	positive.		In	the	early	days	of	HIV	testing,	a	25	percent	false	positive	
rate	was	common.	Therefore,	positive	results	are	often	confirmed	by	a	second	more	expensive	
test	called	the	western	blot	test.			
We	will	be	using	a	simulated	HIV	antibody	test.	Our	simulation	will	be	using	chemical	reactions	
to	mimic	the	results	of	a	positive	ELISA	test.	Therefore,	we	do	not	need	to	wear	gloves	and	
cleanup	is	easy.			In	short,	8	people	are	worried	that	they	have	contracted	the	HIV	test	and	are	
going	in	for	screening.	Some	of	them	have	real	concerns	while	others	do	not	have	any	concerns.		
Procedure		

1. Obtain	ELISA	test	plate.		
Orientate	it	so	that	the	letters	
are	on	the	left	hand	side	and	
the	numbers	are	on	the	top.		
Note	the	names	on	the	8	
serum	samples	and	record	the	
names	on	the	table	below.	
(Note,	the	sample	letters	
correspond	to	the	row	you	will	
put	it	in.	So	sample	A	is	put	in	
row	A,	Sample	B	is	put	in	row	B	
and	so	forth.	
	

2. Place	3	drops	of	the	antigens	in	rows	A-H	columns	1-3.	Wait	10	minutes	
3. Place			of	serum	A	into	the	first	three	

wells	of	row	A.	When	you	pipette,	
remember	to	hold	the	tip	at	an	angle	
and	place	it	against	the	side	of	the	
well.	

4. Repeat	steps	3	for	serums	B-H.	
Remember,	serum	B	goes	in	row	B,	
serum	C	goes	in	row	C	and	so	on.	
Remember	to	discard	the	tip	after	
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each	row.	
5. WAIT	10	Minutes	for	the	antibodies	to	react	with	the	antigens	at	the	bottom	of	the	well.	

This	insures	enough	time	for	an	interaction.	In	the	real	test,	you	would	wash	with	a	pH	
buffer.	DO	NOT	WASH.		While	you	are	waiting,	read	the	profiles	of	each	person	and	
decide	who	could	be	at	risk.	

6. Place	3	drops	of	the	conjugate	into	each	well.	Be	careful	not	to	put	the	tip	into	the	
solution	in	the	well	because	this	risks	for	cross	contamination		

7. Wait	5	minutes	for	the	conjugate	to	react	with	the	antibody.		In	the	real	test,	you	would	
wash	after	this	step	too.	That	way	only	conjugate	that	is	bound	remains	in	the	well.	

8. Pipette	3	drops	of	chromogen	to	each	well	(again,	careful	not	to	stick	the	tip	into	the	
solution.)	A	yellow	solution	(the	color	of	the	chromogen)	means	no	reaction	and	that	
indicates	a	negative	test	(the	person	does	not	have	the	antibody.)	A	red	color	means	a	
positive	test	(the	enzyme	on	the	conjugate	has	split	the	chromogen)	and	the	person	has	
the	antibody.	Notice	you	can	see	the	relative	concentration	of	each	well.	One	of	the	
patients	has	a	stronger	response	to	the	test	than	the	other	one.	

Answer	the	following	questions	while	waiting	between	steps	7	and	8	and	9	and	10Questions:	
1. Which	person	is	at	0	or	little	risk	of	contracting	the	HIV	virus?	(Profiles	are	on	the	last	page	of	the	

handout)	How	do	you	know	that?	
	
	

2. Which	patients	are	engaging	in	risky	behavior	that	put	them	at	risk	to	contracting	the	HIV	virus?	
Explain	why	it	is	risky	behavior.	

	
3. What	is	coated	on	the	bottom	of	the	ELISA	well	before	you	do	the	Elisa?	

	
	

4. Explain	what	the	conjugate	is	and	how	it	works?	
	
	

5. What	is	the	chromogen?	
	

Sample	 Patient	Name	 Positive/Neg	 Sample	 Patient	Name	 Positive/Neg	
A	 	 	 E	 	 	
B	 	 	 F	 	 	
C	 	 	 G	 	 	
D	 	 	 H	 	 	

Post	Lab	questions	
1. 	Which	4	patients	had	contracted	the	HIV	virus	and	how?	
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2. What	was	risky	about	their	behaviors?	

	
	
	

3. Did	a	patient	engage	in	risky	behavior	and	not	get	the	virus?	If	so,	who?	
	
	
	

4. Look	up	on	the	internet	what	the	possible	routes	of	infection	are.	Explain	them	using	a	bullet	list.	
	
	
	
	
	
	
	
	
	
	
	
	
	

Appendix:	Patient	Profiles			
Sample	A		 Name:		George				 Age:	18	Sex:	M		
Occupation:	College	Student			 	 Time	after	possible	exposure:		8	Months	to	present		
Case	History:	George	came	to	Cal	Berkeley	from	Lassen	County	to	play	Football.		He	recently	found	out	
that	his	roommate	was	homosexual.		Little	is	taught	about	HIV	or	homosexuality	in	ultra	conservative	
Lassen	County;	however,	he	does	remember	learning	that	“All	homosexual	men	have	HIV”	and	he	is	
worried	he	has	contracted	HIV	by	sharing	a	room	with	a	homosexual	person.		
	
Sample	B	 Name:		Buttercup			 Age:	Estimated	to	be	Mid	30’s	Sex:	F	
Occupation:		Artist/Homeless	activist		 Time	after	possible	exposure:	Sometime	in	the	past	5	years		
Case	History:	Buttercup	(real	name	not	know/given)	is	a	resident	of	the	homeless	community	on	the	
Albany	Bulb	in	Albany.		She	is	a	warm	and	caring	person	but	perhaps	too	caring	since	she	engages	in	
promiscuous	sex	(sometimes	with	habitual	drug	users).		She	is	having	an	HIV	test	because	she	would	like	
to	donate	blood.		
	
Sample	C		 Name:	Jeremiah			 Age:	10			Sex:	M	
Occupation:	Student		 	 Time	after	possible	exposure:	6	months		
Case	History:	Jeremiah	was	at	a	dental	“clinic”	that	was	run	by	an	uncertified	dentist.		When	the	county	
health	department		investigated	the	practice,	it	turns	out	that	tools	were	not	sterilized	and	were	used	
on	multi	patients	with	hepatitis	and	HIV.	As	a	result,	all	the	patients	treated	there	were	urged	to	get	HIV	
and	Hepatitis	screening.		
	
Sample	D		Name:		Marsha					 Age:	38		 Sex:	F	
Occupation:	House	Wife	 	 Time	after	possible	exposure:		Anywhere	in	the	past	6	years		
Case	History:	Marsha	just	discovered	that	her	husband	was	an	intravenous	drug	user.		She	also	found	
out	that	when	he	travels	for	work	to	South	East	Asia,	he	often	visits	the	“massage	parlors”	where	he	
engages	in	sexual	activity.		She	is	worried	that	she	has	contracted	the	virus	from	her	husband	because	of	



 

83 Photos by John Polos. Free to reproduce for educational purposes. 
 

Bio 20b Anatomy and Physiology II Lab Book  Name__________________________ 

his	transgressions.	
	
Sample	E		Name:		Jessamine			 Age:	31		 Sex:	F	
Occupation:	Emergency	Room	RN	 	 Time	after	possible	exposure:		12	weeks		
Case	History:		12	weeks	ago,	Jessamine	got	a	needle	prick	when	she	was	trying	to	run	an	IV	line	into	a	
patient.		As	a	precaution	she	was	given	prophylactic	medication	(a	cocktail	of	drugs	that	prevent	DNA	
replication,	RNA	TO	DNA	transcription,	and	Protein	synthesis)	and	a	test	of	the	patient	came	up	negative	
for	Hepatitis	and	HIV.		As	a	precaution,	she	is	having	a	screening	test	done	at	12	weeks	when	antibodies	
would	show	up	in	the	test.		
	
Sample	F		 Name:		Clayton			 Age:55	Sex:	M		
Occupation:	Web	Designer	 Time	after	possible	exposure:	15	years			
Case	History:	Clayton	has	been	in	a	monogamous	homosexual	relationship	with	his	partner,	Clifton,	for	
the	15	years.	However,	before	that	time,	Clifton	was	exposed	to	the	HIV	virus.		Though	they	always	use	
condoms	when	they	engage	in	sexual	activity,	Clayton	still	has	himself	checked	every	6	months	just	to	
be	sure.		Clayton	is	especially	worried	this	visit	because	Clifton	has	had	bleeding	gums	recently.	
	
Sample	G	 Name:		Rebecca			 Age:	20		Sex:	F		
Occupation:	Waitress	and	part	time	student	 Time	after	possible	exposure:	1	year	
Case	History:	Rebecca	had	a	1	night	stand	with	a	guy	named	Yamu		that	she	met	at	a	party.		To	make	
matters	worse,	she	had	unprotected	sex	with	him.	The	next	morning,	her	first	worry	was	that	she	would	
become	pregnant;	as	a	result,	she	thought	nothing	of	sexually	transmitted	diseases	or	of	finding	out	
about	Yamu’s	sexual	history.		When	she	found	out	that	she	was	not	pregnant,	she	forgot	all	about	
having	herself	tested	for	STDs.		About	11	months	later,	she	overheard	some	people	talking	about	Yamu.	
She	heard	that	he	was	very	promiscuous,	often	having	sex	with	3	different	women	in	1	week,	and	that	
he	never	used	condoms.		Upon	hearing	that,	she	was	very	worried	she	may	have	contracted	the	HIV	
virus.		
	
Sample	H		 Name:	Eduardo				 Age:	34	Sex:	M		
Occupation:	EMT			 	 	 Time	after	possible	exposure:	3	months		
Case	History:			Eduardo	is	an	EMT.		3	Months	ago,	a	patient	vomited	blood	in	his	face	as	he	was	leaning	
over	to	help	the	patient.	.		As	a	precaution	he		was	given	prophylactic	medication	and	a	test	of	the	
patient	came	up	negative	for	Hepatitis	and	HIV.		Like	Jasmin	,	he		is	having	a	screening	test	done	at	12	
weeks	when	antibodies	would	show	up	in	the	test.		
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Lab	35	Respiratory	Anatomy		
Introduction:	The	respiratory	system	functions	to	exchange	
respiratory	gasses.	To	do	so,	the	respiratory	system	must	also,	warm	
and	moisten	in	coming	air.	Since	pathogens	can	get	in	through	the	
respiratory	system	as	well,	the	nasal	passages	also	serve	to	filter	
incoming	air	by	producing	a	constant	outflow	of	mucus.		
Furthermore,	the	respiratory	assists	with	our	sense	of	smell	olfaction,	
and	helps	us	with	producing	sounds.		Lastly,	the	respiratory	system	
assists	the	kidneys	in	acid	base	balance.		This	lab	will	look	at	the	
anatomy	of	the	respiratory	system	
The	respiratory	system	is	divided	into	the	upper	and	lower	
respiratory	tracks.	The	upper	respiratory	track	receives	the	air	we	
inhale	and	conditions	it.		Conditioning	means	that	the	air	is	warmed	
and	moistened.	This	is	accomplished	by	mucus	produced	by	the	lining	
of	the	nasal	cavity	and	the	paranasal	sinuses.	3	raised	ridges,	called	
concha,	aid	in	this	by	causing	turbulence	in	the	nasal	cavity.	This	

turbulence	causes	the	air	to	remain	long	enough	to	be	conditioned.		In	addition,	the	mucus		
filter	the	incoming	air.			The	upper	respiratory	system	also	conducts	air	from	the	nostrils	(nares)	
to	the	glottis	which	is	the	opening	to	the	lower	respiratory	tract.	

The	lower	respiratory	tract	conducts	the	inspired	air	to	the	alveoli	which	are	the	site	of	
gas	exchange.			
Part	1:	Histology	

A. 	Alveoli	are	the	site	of	gas	exchange.	These	are	microscopic	sacks	and	are	made	up	of	3	
types	of	cell.	The	most	common	type	1	cells	which	are	simple	squamous	epithelium.	
These	serve	as	the	respiratory	membrane.	Occasionally,	you	will	see	a	type	2	cell	which	
is	simple	cuboidal	epithelium.	The	function	of	the	type	2	cells	is	to	produce	surfactant	
which	reduces	surface	tension	so	that	the	small	alveoli	can	expand	easily.		Lastly,	dust	
cells	(macrophages)	are	found	through	the	respiratory	tissue.	These	eat	pathogens	that	
have	gotten	in.		Alveoli	are	surrounded	by	capillaries,	which	tend	to	be	smaller	in	
diameter.		Lastly,	you	should	see	larger	tubes,	alveolar	ducts,	which	bring	air	to	the	
alveoli.		

Draw	a	cross	section	of	lung	alveoli.	Label	the	alveoli,	alveolar	ducts,	simple	type	1	cells,	and	
type	2	cells.	See	if	you	can	also	identify	any	
capillaries,	or	macrophages.	
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Most	of	the	epithelium	of	the	upper	and	lower	respiratory	tract	is	made	up	of	ciliated	pseudo	
stratified	epithelial	tissue.			Goblet	cells,	named	for	their	shape,	are	interspaced	and	produce	
thick	mucus	that	traps	foreign	particles.	The	cilia	then	move	the	mucus,	and	what	the	mucus	
traps,	outward.		This	is	typically	towards	the	pharynx	where	you	swallow	it.	(The	acid	in	the	
stomach	destroys	anything	trapped).		Occasionally	you	will	find	a	crypt.		The	crypt	has	special	
cells	with	chlorine	active	transport	channels.			The	function	of	these	channels	is	to	draw	extra	
cellular	fluid	into	the	respiratory	tract	to	prevent	the	mucus	from	becoming	too	thick.	(In	cystic	
fibrosis,	these	cells	don’t	work._	

Draw	a	cross	section	of	the	trachea.	Label	the	pseudo	stratified	epithelium,	goblet	cells,		
and	cilia	

	
Part	2	the	Upper	Respiratory	Tract	
Air	enters	the	nasal	cavity	through	the	external	
nares	(nostrils).	In	the	nasal	cavity,	inhaled	air	
encounters	three	nasal	concha:	the	superior,	
middle,	and	inferior.			These	structures	disrupt	the	
flow	of	air	and	cause	it	to	move	around	the	nasal	
cavity	where	the	air	is	warmed	and	humidified	by	
mucus	produced	by	the	epithelium	and	the	4	para	
nasal	sinuses.		The	mucus,	which	is	produced	by	
goblet	cells,	also	traps	small	particles	and	prevents	
them	from	entering	the	respiratory	track.		Air	exits	
the	nasal	cavity	through	the	internal	nares	through	
a	“tube”	called	the	choanae	which	leads	to	the	first	
part	of	the	pharanx;		the	nasopharynx.		You	will	
notice	on	the	picture	the	eustachian	tube	enters	
from	the	middle	ear	here.			The	nasopharynx	joins	
the	oropharynx	which	is	the	section	of	the	pharynx	
behind	the	mouth.	The	third	section,	the	
larynopharynx)	is	where	the	respiratory	tract	splits	
from	the	digestive	tract	and	enters	the	glottis.	
	
On	the	models,	find	the	above	structures.		
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Identify	the	structure	
1. Superior_____________	 7.	_____________________	
	
2. __________________	 8.	_____________________	
	
3. Inferior	____________	 9.	_____________________	
	
4. ___________________	 10.	____________________	
	
5. ___________________	 11.	____________________	
	
6. __________________	

	
	
	
Part	3	Lower	Respiratory	Track	

Air	enters	the	lower	
respiratory	tract	through	an	opening	
superior	to	the	larynx	called	the	
glottis.	A	flap	of	elastic	cartilage,	
called	the	epiglottis	sits	superior	to	
the	glottis	and	the	epiglottis	folds	
over	the	glottis	when	you	swallow.			

The	first	structure	of	the	
lower	respiratory	tract	is	the	larynx	
or	voice	box.		Anterior	to	this	is	the	
thyroid	cartilage	which	is	open	in	the	
back.			The	circoid	cartilage	forms	a	
ring	around	the	base	of	the	larynx	
and	connects	to	the	larynx	to	the	
trachea.		In	the	center	are	two	sets	of	
cartilage,	true	and	false	vocal	folds.		These	serve	as	your	voice	box.	
The	trachea	is	the	main	air	passage	to	the	lungs.	Notice	on	the	models	that	the	trachea	is	
anterior	to	the	esophagus.		The	trachea	lacks	musculature.	Instead,	the	bands	of	cartilage	are	
held	together	by	dense	connective	tissue.		The	trachea	will	split	into	2	primary	bronchi.	The	
primary	bronchi	take	air	into	the	left	and	right	lungs.	The	right	primary	bronchus	splits	into	3	
secondary	bronchi.		However,	the	left	primary	bronchus	only	splits	into	2	secondary	bronchi.		In	
turn,	each	secondary	bronchus	will	split	into	tertiary	bronchi.			These	will	in	turn	split	into	
respiratory	or	terminal	bronchioles.		These	end	in	microscopic	sacks	called	alveoli	which	are	
the	site	of	gas	exchange	
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	 The	Diaphragm		is	responsible	for	the	
inhalation	of	air.		Most	people	mistakenly	believe	that	
the	diaphragm	is	also	responsible	for	exhalation.	This	
is	wrong.	For	a	normal	exhalation,	air	exits	the	lungs	
due	to	elastic	recoil	of	the	lungs.	We	will	discuss	the	
mechanics	of	ventilation	(breathing)	in	the	next	
section.	
	 Find	the	structures	listed	above	on	the	models.	
Also	on	the	models,	you	should	also	be	able	to	find	the	
major	arteries	and	veins	(such	as	the	branch	of	the	
pulmonary	artery	and	the	pulmonary	vein	.	Be	sure	
you	can	identify	all	the	structures	labeled	on	the	
model.	
	
	
	
	
	

Find	the	muscles	listed	above	on	the	manikins.		
Identify	the	Structure	A-E	appear	in	other	labs	
1. ___________	 	 A._____________	
	
2._______	cartilage	 	 B.	Esophagus	
	
3._______	cartilage	 	 C.	Thoracic	_______	
	
4._____________	 	 D._____________	
	
5._______cartilage	 	 E._____________	
	
6.______________	 	 		
	
8.	______________	 	 		
	
9.	_____________	 	 		
	
10.	____________	 	 			
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	Part	4	The	Larynx	
The	larynx	is	the	superior	aspect	of	the	lower	
respiratory	system.	The	larynx	serves	to	conduct	air	
into	the	lower	respiratory	tract	and	to	produce	sound.		
	 If	you	were	to	palpate	the	neck	for	the	larynx,	
you	would	find	the	laryngeal	prominence	(Adam’s	
Apple)	just	inferior	to	the	hyoid	bone.				The	laryngeal	
prominence	is	the	center	of	the	U	shaped	thyroid	
cartilage	which	makes	up	the	anterior	and	lateral	walls	
of	the	larynx.	The	thyroid	cartilage	is	attached	to	the	
hyoid	bone	by	both	the	thyroid	membrane	and	the	
thyrohoid	muscle.	When	the	thyrohoid	contracts,	it	
lifts	the	entire	larynx	up	towards	the	hyoid	bone;	this	
action	causes	the	epiglottis	to	close.	The	circular	
circoid	cartilage	makes	up	the	inferior	portion	of	the	
larynx	and	it	is	attached	to	the	thyroid	cartilage	by	the	
circothyroid	ligament.		The	circoid	cartilage	connects	
the	larynx	to	the	trachea.	
	 The	posterior	view	of	the	larynx	shows	more	
structures.	First	of	all,	you	can	see	that	that	is	thyroid	cartilage	indeed	a	U	shape	with	no	

posterior	wall.		Attached	to	the	thyroid	cartilage	is	
the	epiglottis	which	is	made	out	of	elastic	cartilage.	
When	the	thyroid	cartilage	moves	superiorly	
towards	the	hyoid	bone,	the	epiglottis	closes	over	
the	vocal	folds	and	the	glottis,	which	is	essentialyl	
the	space	between	the	vocal	folds.	The	arytenoids	
cartilage	is	rests	on	the	circoid	cartilage	and	2	pairs	
of	ligaments,	called	the	vocal	folds,	extend	from	the	
arytenoids	cartilage	to	the	thyroid	cartilage.	
Adductor	and	abductor	muscles	are	attached	to	the	
arytenoids	cartilage.	These	muscles	cause	the	
arytenoids	cartilage	to	rotate	medially	or	laterally.		
This	movement	causes	the	vocal	folds	to	either	
abduct	(open)	or	adduct	(close).		Air	moving	through	
the	vocal	folds	causes	them	to	vibrate	and	produce	
a	sound.		Depending	on	the	tension,	different	
pitches	(frequencies)	are	produced.			
	 By	modifying	the	shape	of	the	pharynx	and	
oral	cavity,	you	produce	the	40	plus	sounds	in	the	
various	languages	throughout	the	world.		Those	of	
you	going	into	speech	pathology	will	learn	more	in	
your	program.	
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Observe	the	large	larynx	model.	Then	draw	and	label	the	anterior	and	posterior	structures.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	 	 Anterior	 	 	 	 	 					Posterior	
	
Part	5	Alveoli	Model	
	 The	bronchial	tree	serves	to	take	
inspired	air	to	the	site	of	gas	exchange.			The	
tertiary	bronchi	take	air	to	bronchioles	
(broncholi	singular)	which	contain	a	layer	of	
smooth	muscle.		This	layer	can	dilate	and	
constrict	and	therefore	the	bronchioles	control	
where	air	goes	into	the	lungs.		The	bronchioles	
split	into	alveolar	ducts	which	take	air	to	
pockets	of	alveoli,	which	we	observed	in	the	
first	activity.			
	 The	pulmonary	artery	contains	
deoxygenated	blood	and	enters	the	lungs	at	
the	hilum	along	with	the	primary	bronchi.		The	
pulmonary	artery	follows	the	path	of	the	
bronchial	tree	splitting	into	segmental	arteries.	
At	the	alveolar	level,	it	branches	out	and	takes	
blood	to	capillary	beds	that	surround	each	
alveolus.			There,	carbon	dioxide	leaves	the	
blood	and	oxygen	enters	and	binds	to	
hemoglobin.		The	now	oxygenated	blood	
enters	the	pulmonary	vein	and	returns	to	the	
left	side	of	the	heart.	
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Observe	the	structures	on	the	model	and	then	label	the	diagram.	It	appears	that	this	model	has	
a	systemic	vein	on	the	bottom	of	it.	This	would	be	part	of	bronchial	circulation	that	takes	blood	

to	the	connective	tissue	elements	of	the	lungs.	
1. _______________	

	
2. _______________	

	
3. _______________	

	
4. Alveolar	duct	

		
5. _______________	

	
6. _______________	

	
7. _______________	

	
	
	
	
	
	
	
	

Part	6	Gross	anatomy	of	lungs	
	 The	lungs	take	up	the	majority	of	the	
thoracic	cavity	and	are	lateral	to	the	heart.	
The	apex	of	the	lungs	is	found	under	the	
clavicle	while	the	broad	base	of	the	lungs	
rest	above	the	diaphragm.		The	left	lung	is	
smaller	than	the	right	lung	to	accommodate	
the	apex	of	the	heart	in	a	cavity	known	as	
the	cardiac	impression.	As	a	result,	the	left	
lung	only	has	2	lobes.	These	lobes	are	called	
the	superior	and	inferior	lobes	and	are	
separated	by	a	fissure	called	the	oblique	
fissure.		The	right	lung	has	3	lobes	which	are	
called	the	superior	lobe,	the	middle	lobe,	
and	the	inferior	lobe.	The	inferior	and	
middle	lobes	are	separated	by	the	oblique	
fissure	while	the	superior	and	middle	lobe	
are	separated	by	the	horizontal	fissure.	
Each	lung	has	a	concave	impression	on	their	
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medial	sterna	surface	called	the	hilum	of	the	lung.	The	pulmonary	artery	and	the	primary	
bronchi	enter	the	lungs	here	and	the	lymph	vessels	and	pulmonary	veins	leave	through	as	well.	
	
Observe	the	gross	structures	of	the	lungs	on	the	various	models	in	the	class	and	then	identify	
the	structures	on	the	picture	shown.	

1. ____________		 	
	

2. 	____________	
		

3. ____________		 			
	

4. ____________		
		

5. ____________		 		
	

6. ____________		
		

7. ____________	
	

8. 	____________	 	
	
Not	labeled/visable:	Hilum,	base	
	
	
Part7	Respiratory	Muscles	for	ventilation.	

		 Skeletal	muscles,	which	happen	to	be	innervated	by	branches	of	the	autonomic	nervous	
system,	allow	us	to	take	air	into	our	lungs	and	to	at	certain	times	forcefully	expunge	air.		These	
muscles	increase	and	decrease	the	size	of	our	thoracic	cavity	and	with	following	the	principals	
of	Boyle’s	Law	(P1V1=P2	V	2).	This	allows	us	to	breathe.	

According	to	Boyle’s	Law,	if	you	have	a	box	filled	
with	gas	and	you	increase	the	volume	by	a	factor	of	2,	the	
pressure	of	the	gas	inside	of	that	box	will	be	cut	in	half.		
Likewise,	if	you	cut	the	volume	of	gas	in	that	box	in	half,	you	
will	double	the	pressure.	
	 The	respiratory	muscles	do	the	same	thing	to	the	
thoracic	cavity.	The	diaphragm	and	external	intercostals	
expand	the	thoracic	cavity.	This	increase	in	the	volume	of	
the	thoracic	cavity	causes	the	pressure	within	the	cavity	to	
drop.	Because	the	pressure	in	the	thoracic	cavity	and	
therefore	the	lungs	is	less	than	that	of	atmospheric	
pressure,	air	is	drawn	into	the	lungs.		Think	of	a	tire	with	a	
leak	in	it.	The	tire	is	under	more	pressure	than	atmospheric	
pressure.	The	air	in	the	tire	“wants”	to	be	where	there	is	
less	pressure	and	therefore,	exits	the	tire.		As	mentioned	
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above	normal	exhalation	is	a	passive	process.	Think	of	a	
balloon	filled	with	air.	The	elastic	nature	of	the	balloon	will	
force	the	air	out	of	the	balloon	if	you	do	not	tie	it.	Your	lungs	
are	the	same	way.	After	your	lungs	fill	with	air,	elastic	
connective	tissue	within	the	lung	recoils	and	forces	the	air	
back	out.		
	 When	we	take	a	large	breath,	we	use	other	muscles	
as	well	to	further	increase	the	size	of	the	thoracic	cavity;	
thus,	drawing	more	air	in.		The	sternocleidomastoid	and	the	
pectoralis	minor	lift	the	ribs	and	sternum	to	help	force	more	
air	into	our	lungs.			Likewise,	when	we	want	to	force	air	out	
of	our	lungs	we	can	use	additional	muscles	to	expunge	air	as	
well.		The	internal	intercostals	pull	the	ribcage	down	
increasing	the	pressure	within	the	thoracic	cavity.	Likewise,	
your	abdominals	and	oblique	muscles	can	compress	the	
abdomen.	This	compression	forces	the	stomach	and	liver	
superiorly	which	reduces	the	space	of	the	thoracic	cavity.	
	 		
	
Questions:	Use	your	notes,	the	book,	or	the	internet	to	
answer	the	following	questions.	However,	answer	the	
questions	in	your	own	words.	
	

1. 	Why	is	your	left	lung	smaller	than	your	right	lung(	3	lobes	vs	2)?	
	
	
	

2. When	the	diaphragm	contracts	it	moves	inferiorly;	thus,	lowering	its	position	:			
a. What	is	that	going	to	do	to	the	volume	(size)	of	the	thoracic	cavity?	

	
	

b. What	is	that	going	to	do	to	the	pressure	inside	the	thoracic	cavity?	(Hint,	think	of	
Boyle’s	Law	P1V1=	P2V2)	
	
	

c. How	is	that	change	in	pressure	going	to	facilitate	air	entering	the	lungs?	
	
	

3. What	other	muscles	aid	in	the	inspiration	of	air	during	a	quiet	breath?	
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4. For	a	quiet	expiration,	what	muscle(s)	is/are	involved?	(Be	careful,	it	is	not	the	
diaphragm)		

	
	
	

5. For	a	forced	inspiration	(trying	to	draw	in	a	big	breath)	what	are	the	2	main	muscles	
aiding	the	diaphragm	and	external	intercostals	muscles	that	are	used?	
	
	
	

6. For	a	forced	expiration	what	muscles	help	to	compress	the	size	of	the	thoracic	cavity?	
(I’m	looking	for	4	different	muscles)	

	
	

7. What	is	the	function	of	your	goblet	cells?		
	
	

8. What	is	the	function	of	the	cilia	in	your	trachea?	
	
	

9. Which	type	of	white	blood	cell	will	I	most	likely	be	able	to	find	in	alveoli?	What	is	its	
function?	
	
	

10. What	are	type	2	alveolar	cells	and	what	do	they	produce?		What	role	does	that	product	
play	in	the	respiratory	system?	
	
	
	

11. Is	the	blood	flow	around	the	alveoli	part	of	systemic	or	pulmonary	circulation?	Explain.		
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Lab	36	Respiratory	Function	Tests	and	sounds	
Introduction:		In	this	lab	we	will	be	examining	several	different	physiological	principals	that	relate	to	the	
respiratory	system.		The	purpose	of	this	lab	is	to	give	a	beginning	student	a	basic	understanding	behind	the	
physiology	of	the	respiratory	system.		First	we	will	examine	how	lung	volumes	differ	from	person	to	person.		To	do	
so	it	is	important	to	understand	what	is	meant	by	lung	volumes.		To	do	so	we	will	use	the	picture	below.	In	that	
picture,	we	will	be	assuming	that	the	lungs	are	2	giant	sacks	of	air	instead	of	thousands	of	microscopic	alveoli.		

The	total	lung	capacity	is	the	amount	of	space	within	the	lung.		
For	the	average	185	cm	(6’)tall	man	who	is	20	is	about	6	L	and	for	the	
average	25	year	old	woman	who	is	5’8		is	about	5	L.		However,	this	value	
differs	depending	on	the	age	and	health	of	an	individual	as	well	as	the	
size	of	their	thoracic	cavity.		To	accurately	determine	total	lung	
capacity,	we	would	have	to	either	fill	the	lungs	with	fluid	and	recorded	
the	amount	used	or	take	precise	measurements	and	then	use	calculus	
to	determine	the	volume.			The	reason	why	you	cannot	measure	lung	
volume	by	having	the	person	exhale	is	because	there	is	always	a	small	
amount	of	air	(0.9	to	1.2	L)	left	in	the	lungs	when	you	completely	empty	
your	lungs.	This	left	over	air	is	called	the	residual	volume.	The	purpose	
of	this	air	is	to	prevent	the	alveoli	from	collapsing.	The	remaining	air,	
the	air	that	you	can	take	in	and	blow	out	in	1	breathing	cycle	is	called	
the	vital	capacity	and	it	is	made	up	by	3	different	measurable	volumes.			
	 The	tidal	volume	(TV)	is	the	amount	of	air	that	you	take	breath	in	and	out	in	1	breath	and	this	is	about	
500	ml	(0.5	L).		There	is	also	a	reserve	of	air	that	you	are	capable	of	expunging	if	needed.		This	volume	is	the	
expiatory	reserve	volume	(ERV)	and	it	makes	up	about	1.3	L.			The	remaining	3	L	is	called	the	inspiratory	reserve	
volume	(IRV).			The	IRV	is	the	volume	that	you	are	capable	of	topping	off	your	lungs	with.		We	will	do	calculations	
to	find	all	of	these	volumes.	All	of	these	volumes	put	together	is	the	vital	capacity	(VC)	which	is	defined	as	the	
amount	of	air	you	can	exchange	in	1	respiratory	cycle.	
		 	To	find	the	lung	volume,	you	will	typically	breath	into	1	of	2	instruments.	The	first	is	a	device	
called	a	spirometer	that	will	give	you	a	mechanical	readout	of	your	different	lung	volumes	and	the	
second	is	a	divice	called	a	pnumotach	that	records	your	respiratory	output	into	a	computer.		The	picture	
to	the	below	is	a	typical	computer	readout.	Volume	is	the	Y	axis	and	time	is	the	X	axis.		Peaks	going	
towards	the	top	of	the	screen	are	typically	
inhalations	and	peaks	going	towards	the	
bottom	of	the	screen	are	typically	exhalations.		

	When	measuring	lung	volumes,	the	
subject	breathes	in	and	out	for	a	period	of	time	
and	then	is	asked	to	do	various	actions	such	as	
a	forced	vital	capacity	or	a	produce	a	cycle	of	
heavy	breathing.		As	you	can	see	the	subject	
made	several	quiet	(tidal)	breaths	before	a	
deep	breath.	Then	the	subject	breathed	out	
completely	for	a	forced	vital	capacity	(recall	
vital	capacity	=	Inspiratory	reserve	+	TV	+	
Expratory	reserve).			Please	refere	to	the	
introduction	for	the	meaning	of	the	abreveations.		

In	the	second	part	of	the	lab,	we	will	examine	which	respiratory	gas,	oxygen	or	carbon	dioxide,	
our	bodies	want	to	control	more	and	why	that	is	a	case.		This	is	an	important	concept	to	understand	
because	the	answer	is	not	as	intrinsic	as	you	might	think.	
Lastly,	we	will	examine	Boyle’s	law.	
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Part	1	finding	your	own	lung	volumes		
If	you	recall	from		the	introduction,	your	vital	capacity	(VC)	is	the	amount	of	air	that	you	can	breathe	in	
and	breathe	out	in	1	breath.			You	should	also	recall	that	your	VC	is	the	sum	of	your	inspiratory	reserve	
volume	(IRV)	your	tidal	volume	(TV)	and	your	expiratory	reserve	volume	(ERV).	To	express	that	
mathematically	VC=IRV	+	TV	+	ERV.			
Our	mechanical	spirometers	can	only	record	the	outflow	of	air.	Therefore,	you	can	find	your	vital	
capacity	(VC),	your	tidal	volume	(TV),	and	your	expiratory	reserve	volume	(ERV).	In	this	section	of	the	
lab	you	will	be	finding	the	above	measurements	and	using	them	to	calculate	your	inspiratory	reserve	
volume	(IRV).	That	because	the	equation	can	be	rewritten	IRV	=	VC	–(	TV	+	ERV).			
Our	setup	is	very	crude.		As	a	result,	it	is	impossible	to	distinguish	the	tidal	volume	when	you	do	the	
expiratory	reserve	volume.		Therefore,	we	will	combine	the	two	into	something	called	the	expiratory	
volume.		As	a	result	our	formula	will	become	IRV	=	VC	–	Expiratory	Volume	where	expiratory	volume	=	
TV	+	ERV	
Calculating	your	vital	capacity	(VC):	Take	some	normal	breaths	then	breathe	in	as	much	air	as	you	can.	
Then	forcibly	exhale	all	the	air	in	your	lungs.		
Trial	1	 Trial	2	 Trial	3	 Average	
																	mL	 																	mL	 																	mL	 														mL	
To	calculate	your	expiratory	volume,		start	at	0	mL.		Take	some	normal	breaths.	Then	do	a	normal	expiration	into	
the	mouthpiece.	At	the	end,	try	to	force	more	air	out	of	your	lungs	Record	your	data.	Repeat	3	times	and	average	
Trial	1	 Trial	2	 Trial	3	 Average	
																		mL	 																	mL	 																mL	 														mL	
Calculating	your	inspiratory	reserve	volume.	(IRV).		
	We	cannot	measure	our	IRV	with	the	devices	we	are	using	in	lab;	however,	we	can	determine	our	IRV	
by	math.		By	definition,	VC=	IRV+TV+ERV.	Therefore	to	find	your	IRV	you	change	the	formula	to	IRV	=	
VC-(TV+ERV)	Use	your	numbers	from	above.		We	took	it	a	step	further	and	combined	our	TV	and	ERV	
measurement	and	called	it	the	expiratory	volume	
	 _____	(IRV)	=		_______________________	 (VC	from	above)	-	(		________________	 expiratory	
volume)	
	
Part	2a	Break	point:	Which	respiratory	gas	level	in	your	blood	is	more	important:	Oxygen	or	Carbon	
Dioxide?	
	 We	are	going	to	examine	which	respiratory	gas	level	is	your	body	more	concerned	with	
controlling.	That	is,	we	are	going	to	determine	whether	the	blood	oxygen	level	or	the	blood	carbon	
dioxide	level	is	more	important	to	our	body.	Oxygen	is	needed	for	the	cells	(especially	your	brain	cells)	
to	make	energy.	Therefore,	you	would	assume	the	body	would	respond	more	greatly	to	a	change	in	
oxygen	levels.	However,	carbon	dioxide,	the	waste	product	of	cellular	respiration,	is	an	acid.		It	reacts	
with	water	to	make	Hydrogen	Ions	CO2	+	H2O	<->		H2CO3	<->	H+	+	-HCO3.		This	can	lower	blood	pH.	If	the	
blood	pH	falls	too	low,	this	leads	to	something	called	acidosis.	Acidosis	causes	nerves	to	be	less	
responsive	and	could	lead	to	death.	
What	do	you	think	the	more	important	blood	gas	level?	Why?	
The	break	point	reflex	is	a	reflex	where	your	brain	takes	over	voluntary	control	of	respiratory	muscles	
and	forces	you	to	take	a	breath.		It	can	respond	to	either	the	lack	of	oxygen	or	too	much	carbon	
dioxide.		
Take	in	a	big	breath.	Record	how	long	you	can	hold	your	breath.	 												___________	seconds	
We	are	now	going	to	test	if	lowering	the	amount	of	carbon	dioxide	in	your	blood	has	any	effect	on	the	amount	of	
time	you	can	hold	your	breath	by	hyperventilating.	When	we	hyperventilate,	we	are	expelling	carbon	dioxide.	
Therefore	when	we	hold	our	breaths	again,	we	will	have	the	same	amount	of	blood	oxygen,	but	less	blood	carbon	
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dioxide.	If	this	lets	us	hold	our	breath	longer,	it	means	that	carbon	dioxide	levels	are	the	driving	force	behind	
breathing.	If	the	time	is	the	same	that	means	that	oxygen	is.		Now	breathe	in	and	out	deeply	10	times.	This	is	
clearing	your	lungs,	as	well	as	your	blood,	of	carbon	dioxide.	This	in	effect	lowers	the	amount	of	CO2	in	your	body.		
Again	take	a	big	breath	and	hold	your	breath.		We	are	assuming	you	have	the	same	amount	of	oxygen	in	your	lungs	
both	times.	
_____________	seconds.	

1. Did	clearing	your	lungs	(hyperventilating)	of	carbon	dioxide	increase	the	length	of	time	you	
can	hold	your	breath?	(should	be	yes)	
	

2. Since	you	should	have	had	the	same	amount	of	oxygen	in	your	lungs	both	times,	which	gas	
was	more	important?		Why	do	you	say	that	

	
3. Why	would	this	be	the	case?	

	
	
Part	2b	the	Bicarbonate	Buffering	System	and	why	CO2	is	more	important	

CO2	+	H2O										H2CO3										H+	+			-HCO3	

The	equation	above	represents	the	Bicarbonate	buffering	system	which	is	the	main	buffering	system	in	
our	blood.		The	double	arrows	(							)	indicate	that	the	equation	is	reversible.		That	means,	as	bodily	
tissue	produces	carbon	dioxide	(CO2),	the	carbon	dioxide	is	quickly	converted	to	hydrogen	ions	(H+	)and	
bicarbonate	ions	(-HCO3).		This	causes	the	blood	to	become	more	acidic.		If	the	blood	were	to	become	
too	acidic	it	would	lead	to	acidosis	and	suppression	of	nerve	impulses.	That	is	why	the	body	is	more	
concerned	with	carbon	dioxide	levels	than	with	oxygen	levels.	Normally	the	hydrogen	ions	do	not	pose	
any	problems	because	when	the	venous	blood	reaches	the	lungs,	the	concentration	of	carbon	dioxide	in	
the	lungs	is	less	than	in	the	blood.	This	causes	the	reaction	to	reverse	directions.	The	hydrogen	ions	and	
bicarbonate	ions	reform	carbon	dioxide	and	the	CO2	leaves	the	blood	stream	and	enters	the	lungs.	
1.	Would	increasing	or	decreasing	your	breathing	rate	lower	the	amount	of	hydrogen	ions	in	your	
blood	(and	therefore	raise	pH)?	Why?	
	
2.	Would	Increasing	or	decreasing	your	breathing	rate	lower	your	blood	pH?	
	
3.	In	part	2a,	you	hyperventilated.	Did	hyperventilating	cause	your	blood	to	become	more	acidic	
(more	hydrogen	ions)	or	less	acidic	(less	hydrogen	ions)			
	
4.	In	addition	to	supplying	more	oxygen,	how	does	an	increased	breathing	rate	during	exercise	help	
the	body?	(Think	of	muscle	fatigue	and	what	builds	up).	
	
Activity	2c	Proving	water	combines	with	carbon	dioxide	to	form	hydrogen	ions	
Note:	This	may	be	done	as	a	demo	
In	this	activity	you	will	be	blowing	into	a	solution	containing	a	weak	base	and	an	indicator	solution.	If	the	
indicator	changes	color,	it	means	the	base	has	been	nutrilized	by	the	“acid”	in	your	breat.	
First,	Fill	250	ml	of	distilled	water	(pH	7)	in	a	flask.		Then	put	2	or	3	drops	of	phenolphthalein	into	the	solution.	
What	color	is	the	Solution?	
Now	slowly	drop	0.1	M	NaOH	solution	into	the	water	until	it	turns	a	light	pink	and	stays	that	way.			The	reason	why	
the	solution	turned	pink	is	that	phenolphthalein	is	an	indicator.	It	tells	you	when	the	pH	is	above	8.2.		NaOH	is	a	
strong	base	(pH	10).			
Blow	air	into	the	straw	at	a	steady	rate	until	the	solution	turns	from	pink	to	clear.				
1.		How	may	seconds	did	it	take	to	change	the	color	of	the	solution	
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2.	Why	did	the	solution	change	color?	Hint	think	of	the	carbonate	buffering	system.	
	
3.	Now	repeat	the	experiment	but	hold	your	breath	for	45seconds	before	blowing	into	the	straw.	How	
long	did	it	take	the	solution	to	change	color?	Why?	Was	this	faster	or	slower	than	the	control?	
	
4.	Allow	yourself	time	to	recover.	Now	hyperventilate		for	45	seconds.	Then	repeat	the	experiment	
(right	after	you	finish	holding	your	breath).	How	long	did	it	take	for	the	solution	to	change	color/	Was	
this	faster	or	slower	than	the	control?	
	
Part	3	Changes	in	size	of	thoracic	cavity.	
Measure	the	circumference	of	your	thoracic	cavity	around	the	base	of	your	ribs	using	a	piece	of	string	
with	your	lungs	full	and	after	you	exhale.	
Full_______________________				after	exhalation	_______________________.	
	
Which	volume	was	greater,	full	or	after	exhalation?	
	
When	you	increase	the	size	of	your	thoracic	cavity,	what	happens	to	the	pressure	inside?	(Think	about			
Boyle’s	Law	P1V1=P2V2)	
	
How	does	that	change	in	size	help	you	to	breathe?	
	
What	muscles	increase	the	size	of	your	thoracic	cavity?	
	
What	muscles	decrease	the	size	of	your	thoracic	cavity?	(Note,	the	diaphragm	does	not)	
	
Part	4	Breathing	sounds	

	You	are	going	to	listen	to	the	path	of	air	through	the	lungs	and	
the	bronchial	tree	in	this	exercise.		This	is	gives	the	examiner	an	
idea	of	lung	and	airway	integrity.	Bronchial			breathing	sounds	
refer	to	the	breathing	sounds	heard	over	the	trachea	and	
bronchial	tree.	They	are	of	interest	because	they	tell	of	airway	
abnormalities	such	as	blockage	or	inflammation.	Breathing	
sounds	at	this	location	should	sound	the	same;	if	not,	there	is	an	
abnormality.	To	listen	to	this	sound,	place	the	stethoscope	on	
the	right	interscapular	space	(in	English,	between	their	right	
scapula	and	vertebral	column).		Vesicular			breathing	sounds	are	
those	sounds	heard	over	the	lungs.	To	listen	to	these	sounds,	
you	listen	over	the	lungs.	(Note,	in	nursing	school,	they	will	teach	
you	a	specific	pattern	to	follow	in	order	to	do	this).	This	test	
gives	you	an	idea	of	the	integrity	of	the	alveoli	and	the	sounds	
will	be	muted	or	decreased	if	there	is	emphysema.	Also,	the	

intensity	of	the	right	lung	should	be	the	same	as	the	left	lung.		To	hear	these	sounds,	place	the	
stethoscope	over	their	right	and	left	lungs.	Since	the	flow	to	various	parts	of	the	lungs	varies,	you	listen	
to	the	sounds	at	several	different	areas.		If	it	is	hard	to	hear,	ask	the	volunteer	to	say	99.	
This	website	has	the	normal	sounds	as	well	as	abnormal	sounds:	
http://www.meddean.luc.edu/lumen/MedEd/medicine/pulmonar/pd/b-sounds.htm	
1.Describe	the	sounds	of	bronchial	breathing.	
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2.	Describe	the	sounds	of	vesicular	breathing.	
	
Part 5 Analysis of respiratory volumes.  

In	part	1	we	examined	respiratory	volumes.		We	
learned	that	at	rest,	you	take	shallow	breaths	called	
quiet	or	tidal	breaths	(TV).	We	are	able	to	increase	the	
amount	we	can	breathe	in,	in	our	inspiratory	reserve	
volume	(IRV),	and	increase	the	amount	we	are	able	to	
breathe	out,	in	our	expiratory	reserve	volume	(ERV).	
Furthermore,	we	saw	that	the	volume	we	are	able	to	
force	out	in	one	breath	is	the	IRV	+ERV	+TV.	This	
breath	is	called	the	vital	capacity.	There	is	also	an	
amount	that	is	left	over	in	the	lungs	called	the	residual	

volume	(RV).			
	These	values	vary	from	person	to	person.	
The	values	for	men	are	typically	greater	
than	that	of	comparable	sizes	women	and	
all	the	lung	volumes	drop	as	we	age.	An	
increase	in	weight	also	lowers	these	values.		
However,	the	biggest	source	of	variability	is	
due	to	the	size	of	the	thoracic	cavity.		The	
graph	on	the	right	is	an	approximation	of	
what	happens	to	the	various	lung	volumes	
as	the	size	of	the	thoracic	cavity	increase.		
As	you	can	see,	the	larger	the	size	of	the	
thoracic	cavity,	the	more	a	person	can	hold.			
Fortunately,	for	health	professionals,	all	of	these	normal	values	are	well	documented	for	age,	
sex,	and	thoracic	cavity	size.		As	a	result,	3	tests	can	be	done	to	look	for	variations	and	possible	
pathologies.	First,	we	can	do	simple	spirometry	which	is	what	we	did	in	a	previous	class.		This	
gives	us	an	idea	of	vital	capacity	(around	5	L	in	a	25	year	old	man	who	is	5’8”).	Second,	we	can	
use	a	pneumotachometer	which	will	give	a	chart	like	the	one	at	the	top	of	the	page.		This	is	

more	useful	because	shows	us	specificity	what	
values	are	changing	from	the	typical	person.		
Third,	we	can	use	a	vitalograph.	Instead	of	
recording	multiple	breaths,	it	records	how	much	
air	you	can	breathe	out	and	how	fast.	This	allows	
a	doctor	to	discover	where	obstruction	is.		If	you	
look	at	the	picture	to	the	left,	their	forced	vital	
capacity,	which	is	the	vital	capacity	when	you	are	
forcing	air	out)	is	5	L.	They	cleared	4	L	in	1	second	
and	all	5	L	by	3	seconds.	These	values	can	be	
used	to	tell	the	overall	health	of	the	person.	Thus	

in	this	activity,	we	will	l	use	old	vitalograph	recordings	to	observe	how	a	vitalograph	can	be	
used.	
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When	you	use	a	vitalograph	(and	computer	based	pneumotachometers	can	do	this),	you	
are	measuring	how	much	air	you	can	breathe	out	in	a	set	amount	of	time	and	typically	you	are	
seeing	how	fast	you	can	blow	out	your	vital	capacity.		
The	major	difference	is	that	the	vitalograph	is	
measuring	1	way	flow.	That	is,	it	is	only	measuring	
the	air	going	out	of	your	lungs	and	therefore,	it	gives	
you	a	graph	similar	to	the	one	on	the	right.	The	end	
result	is	that	you	get	a	forced	vital	capacity	(	FVC)	
which	is	the	maximum	that	a	person	can	blow	out	
while	trying	to	clear	their	lungs	as	quickly	as	possible.		
The	faster	you	can	do	this,	the	better.	Michael	
Phelps	can	most	likely	clear	out	his	entire	lung	
volume	in	under	a	second	since	he	is	a	world	class	
swimmer.	You,	on	the	other	hand,	will	take	a	little	
longer	but	should	still	be	able	to	clear	80	%	of	your	
FVC	in	1	second.	In	the	graph	above,	the	person’s	
forced	vital	capacity(	FVC)	was		5	L,	of	which,	he	or	
she	was	able	to	clear	out	80	%	in	the	first	second	
(4/5	*100	=	80	%)	
	 This	is	of	interest	to	us	because	it	creates	a	
curve	or	line	depicting	air	flow.		Depending	on	the	
rate	of	air	flow	and	how	the	slope	of	the	line,	we	can	
determine	if	1,	there	is	blockage,	such	as	in	
bronchitis,	and	two	exactly	where	the	blockage	is.		
	 First	off,	we	are	in	how	much	a	person	can	
force	out	in	1	second.		This	measurement	is	called	FEV1	(Forced	Expiatory	volume	at	1	second).		
On	the	vitalograph	to	the	above,	the	person’s	FEV1	was	4.0	L.		You	need	this	number	to	get	the	
ratio	of	how	much	they	were	able	to	force	out	in	1	second	vs	the	total	amount.		Therefore,	we	
use	the	FEV1	to	calculate	the	FEV1/FVC	%.			The	reason	why	this	value	is	used,	is	that	you	can	
compare	people	of	different	sizes	to	each	other.	
For	a	healthy	person,	this	number	should	be	higher	than	80	%	which	means	that	80	percent	of	
air	volume	is	breathed	out	in	1	second.	If	the	value	is	below	0.80	(80	%	percent),	it	means	that	
you	have	blockage	or	something	is	inhibiting	flow.		It	is	also	possible	to	take	the	FEV3/FVC	at	the	
3	second	mark.	This	value	should	be	very	close	to100	percent	if	not.	That	is,	a	normal	person	
should	be	able	to	clear	their	lungs	in	3	seconds.	
	
Fill	out	this	chart	for	the	patients	found	on	the	next	page.	
Name	 FEV1	 FVC	 FEV1/FVC%	 Normal?	 FEV3	 FVC	 FEV3/FVC%	
Kathrine	 	 	 	 	 	 	 	
Jenna	 	 	 	 	 	 	 	
Clayton	 	 	 	 	 	 	 	
Cane	 	 	 	 	 	 	 	
Francis				 	 	 	 	 	 	 	
Michael		 	 	 	 	 	 	 	
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Lab	37	respiratory	system	principals	using	Physio	Ex	
Part	1	Flow	of	the	respiratory	system	
Obstructive	diseases	such	as	asthma	and	bronchitis	constrict	the	airways.		This	restricts	air	flow.		If	you	recall,	flow		
(I)	is		the	change	in	pressure	(ΔP)	times	the	radius	to	the	4th	(r4)	divided	by	viscosity	(η)		times	length	(L)	or		I=(ΔP	*	
r4)/(	η	*	L).	Therefore,	if	you	increase	the	radius,	you	will	increase	the	flow.		However,	if	you	cut	the	radius	in	half,	
you	decrease	flow	by	a	factor	of	16.			Thus	in	this	exercise,	we	will	see	what	changing	the	radius	has	on	all	of	the	
lung	volumes.		I	want	you	to	pay	attention	to	the	FEV1	volume.	This	is	the	volume	they	breath	out	in	1	second	and	
it	should	be	80	%	(or	more)	of	their	vital	capacity.		
Go	to	Exercise	7	Respiratory	system	mechanics	Select	the	first	exercise	respiratory	volumes.		
	The	radius	should	be	on	5	mm.	Click	start.	At	some	point	during	the	minute,	click	the	FVC	button.	Click	record	data	
and	record	your	data	in	the	chart	below.	Note,	I	did	not	put	on	Pump	rate.			I	want	you	to	calculate	FEV1/FVC	%	
Radius	 Flow	 TV	 ERV	 IRV	 RV	 VC	 FEV1	 TLC	 FEV1/FVC	%	
5	 	 	 	 	 	 	 	 	 	
4.5	 	 	 	 	 	 	 	 	 	
4	 	 	 	 	 	 	 	 	 	
1.			Calculate	the	FEV1/FVC	%	for	each	person.	To	do	this,	divide	the	number	you	got	for	FEV1	by	the	
vital	capacity	and	multiply	by	100.	Record	the	numbers	in	the	far	right	box	above.	
2What	happened	to	flow	and	all	of	the	lung	volumes	when	you	reduced	the	radius?		
	
3.	What	happens	to	the	FEV1/FVC	%	as	the	diameter	decreased?		
	
Part	2	comparative	spirometry	using	a	pnumotach.		
				In	a	previous	lab,	we	examined	different	lung	volumes.	We	can	measure	these	on	a	computer	using	
either	a	spirometer	or	a	pnumotach	and	the	result	is	like	the	graph	right.	Volume	is	the	Y	axis	and	time	is	
the	X	axis.		When	measuring	lung	volumes,	the	subject	breathes	in	and	out	for	a	period	of	time	and	then	
is	asked	to	do	various	actions	such	as	a	forced	vital	capacity	or	a	produce	a	cycle	of	heavy	breathing.		We	
can	uses	these	readings	to	comapre	them	to	that	of	a	health	individual	of	the	same	age,	sex,	weight,	and	
heigth.		
Go	to	the	4th	experiment	comparative	spirometry.	This	is	what	we	will	be	analyzing	form	the	
supplement	later.	The	purpose	of	doing	this	exercise	is	to	get	an	idea	of	what	was	done	to	generate	the	
graphs	that	you	will	look	at.	
1.		Select	a	patient.	Select		“Normal	breathing	pattern”	and	click	start.	Then	Select	“forced	vital	capacity”	
and	click	start.	
2.	To	record	the	values,	click	the	button	(i.e.	TV	will	give	you	TV,	IRV	will	give	you	IRV).	Pay	attention	to	
where	this	is	highlighted	on	the	polygraph	readout.	
	
Patient	 TV	 ERV	 IRV	 RV	 FVC	 TLC	 FEV1	 EFV1/FVC	%	
Normal	 	 	 	 	 	 	 	 	
Emphysema		 	 	 	 	 	 	 	 	
Asthmatic		 	 	 	 	 	 	 	 	
Pulse	inhaler		 	 	 	 	 	 	 	 	
Mod	Exercise	 	 	 	 	 	 	 	 	
Heavy	exercise	 	 	 	 	 	 	 	 	
1.	Which	one	was	the	only	one	to	have	a	lower	than	normal	TV?	Why	is	that	the	case?	
	
2.	Why	does	the	ERV	drop	for	the	asthmatic	and	the	person	with	emphysema?		 	 	
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3.	Why	does	their	residual	volume	(RD)	increase?	
	
4.	For	the	exercisers,	what	happened	to	the	TV,	IRV,	and	ERV	as	the	exercise	progressed?	Why?	
	
Part	3	Physio	Ex	Respiratory	Acid-base	balance.	
	
We	have	already	looked	at	the	bicarbonate	buffering	system	in	our	blood	and	proved	that	CO2	mixes	with	
water	to	form	hydrogen	ions.	
CO2	+	H2O										H2CO3										H+	+			-HCO3	

The	respiratory	system	can	use	this	system	to	correct	for	blood	pH.	Receptors	in	the	medulla,	carotid	
bodies,	and	the	arch	of	the	aorta	detect	pH.	If	the	pH	becomes	too	acidic,	drops	below	7.35,	the	
respiratory	system	increases	breathing.		This	removes	CO2	from	blood	and	the	equation	shifts	to	the	left	
thus	removing	hydrogen	ions	from	the	system.		If	the	body	becomes	too	basic,	a	pH	above	7.45,	the	
respiratory	system	will	slow	the	breathing	rate.	This	allows	CO2	to	build	up	and	shift	the	equation	to	the	
right.	The	only	problem	with	this	is	that	is	possible	that	you	are	not	getting	any	oxygen.	
We	will	be	examining	the	effects	of	breathing	and	either	removal	or	adding	CO2	to	the	system	with	a	
setup	like	the	one	above.	Breaths	are	shown	on	the	oscilloscope	to	the	right	and	the	pH	on	the	meter	to	
the	left.		You	will	be	causing	the	person	to	hyperventilate,	which	clears	CO2	and	to	rebreathe	CO2	which	
causes	CO2	to	build	up.	
Go	to	exercise	10	acid	base	balances	and	choose	respiratory	acid	base	balance	
1.		Click	normal	breathing.		
	 A.	What	is	the	blood	pH?	
	

B.	About	how	deep	are	the	tidal	breaths?	(guess	the	mL)	
	

2.Click	hyperventilate.	
	 A.	What	happens	to	the	blood	pH?	
	
	 B.	What	happens	to	the	oscilloscope?			How	large	are	the	breaths	(guess	mL)?	
	

B. What	is	the	pH	now?	
	
3.	Click	normal	before	it	reaches	the	end?	
	 A.	Did	the	person	stop	breathing?	Why?	Hint,	it	has	to	do	with	the	pH	
	
B		When	did	breathing	start	again?	What	was	the	pH?	
	
4a.	Click	clear	tracings	and	start	again.	Click	at	10	seconds	click	“rebreathing”.	At	60	seconds	
click	stop.	
A.		How	many	breaths	did	the	person	make	during	the	first	10	seconds?		
	
B.What	happened	to	the	pH	by	the	end	of	the	60	seconds?	
	
C.	What	happened	to	the	depth	of	breathing	by	the	end	of	the	60	seconds?	
	



 

103 Photos by John Polos. Free to reproduce for educational purposes. 
 

Bio 20b Anatomy and Physiology II Lab Book  Name__________________________ 

D.	How	many	breaths	did	they	make	during	the	last	10	seconds?		
	
E.	If	there	was	a	change,	why	was	there	a	change?	
	
Part	4	Simulating	acidosis	and	alkalosis			

Acidosis	is	a	state	when	your	blood	pH	drops	below	7.35.		Generally	it	can	be	caused	by	
fasting,	which	produces	ketone	bodies,	or	an	increase	metabolic	rate,	which	produces	producse	
carbon	dioxide	and	some	lactate.	Alkalosis	is	defined	as	you	body	pH	being	above	7.45.		
Dehydration,	vomiting	and	hyperventilation	are	the	main	causes.	Normally	the	kidneys,	the	
bicarbonate	buffering	system,	and	the	respiratory	system	can	composite	for	both	conditions.	In	
the	case	of	the	respiratory	system,	the	breathing	rate	slows	to	deal	with	alkalosis.	This	builds	up	
carbon	dioxide	and	increases	hydrogen	ion	levels.		It	takes	quicker	deeper	breaths	to	deal	with	
acidosis.		This	expels	carbon	dioxide	and	raises	the	pH.			In	this	activity	we	will	look	at	this.	
Procedure	

1. Go	to	Experiment	3	Metabolic	acidosis	and	alkalosis.	Set	metabolic	rate	to	20.	
2. Click	start.		When	done,	fill	in	the	values	in	the	table	below.	
3. Click		clear.	Repeat	2,	3	and	4	for	30,	40,	50,	60,	70	and	80		

Metabolic	Rate	 Breaths	per	Minute	 Blood	pH	 PCO2	 H+	 HCO3
-	

20	 	 	 	 	 	
30	 	 	 	 	 	
40	 	 	 	 	 	
50	 	 	 	 	 	
60	 	 	 	 	 	
70	 	 	 	 	 	
80	 	 	 	 	 	

	
Graph	blood	pH	on	the	X	axis	and	Breaths	per	minute	
on	the	Y	axis	
	

1. What	happened	to	the	pH	as	the	breathing	rate	
increased?	

	
2. Based	on	your	data,	what	happened	to	the	

body’s	pH	as	metabolism	increased?	Why	
would	this	be	the	case?	

	
	

3. As	the	PCO2	increased,	what	happened	to	the	
hydrogen	ion	levels?	
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Lab	38	Digestive	Anatomy	and	mucosal	associated	lymphoid	tissue		
Introduction:	
		 The	digestive	system	is	made	up	of	the	alimentary	canal	and	accessory	organs.		The	
alimentary	canal	consists	of	a	muscular	tube	that	runs	from	the	mouth	to	the	anus	and	
different	regions	of	the	tube	form	organs	that	are	specialized	to	play	different	roles	in	the	
process	of	digestion.		Those	organs	are:	the	oral	cavity	the	esophagus,	the	stomach,	the	small	
intestines,	and	the	colon.	Accessory	organs	of	the	digestive	track	are	defined	as	any	organ	that	
assists	with	digestion	but	are	not	part	of	the	alimentary	canal.	Those	organs	are	the	salivary	
glands,	the	liver	and	the	pancreas.	Teeth	are	often	included	as	accessory	organs	as	well.	
Accessory	organs	typically	assist	with	the	breakdown	of	nutrients.	
	 Closely	associated	with	the	digestive	system	are	mucosal	associated	lymphoid	tissues	
(MALT).	We	have	already	met	some	lymphoid	organs	in	the	spleen	and	thyroid	gland.		The	
spleen	serves	to	filter	both	blood	and	lymph	and	therefore	has	large	concentration	white	blood	
cells.		MALT	is	similar	to	the	spleen	in	that	it	filters	substances	going	through	the	alimentary	
and	has	a	large	concentration	of	B	cells,	T	cells,	and	macrophages.	The	organs	we	will	be	looking	
at	are	the	tonsils,	peyer's	patches,	and	the	appendix.	

	
Part	1	the	Oral	Cavity		

The	mouth	is	known	as	the	oral	cavity	and	this	is	where	food	is	mechanically	broken	down	by	
the	teeth.	Furthermore,	it	is	here	that	salivary	glands	release	a	mixture	of	digestive	enzymes	
and	mucus	moistens	the	food	as	well	as	begins	the	chemical	break	down	of	starches	and	lipids.	
The	roof	of	the	oral	cavity	is	composed	of	the	hard	and	soft	palates.	The	hard	palate	gets	its	
name	because	it	is	made	up	of	the	maxilla	
and	palatine	bones	where	as	the	soft	palate	
is	strictly	muscular.		When	you	swallow,	the	
soft	palate	elevates,	which	effectively	
prevents	food	from	going	into	the	nasal	
cavity.		The	uvula	is	an	extension	of	the	soft	
palate	and	scientists	are	still	debating	the	
exact	function	of	it.		The	tongue	is	anchored	
to	the	floor	of	the	oral	cavity	and	assists	in	
manipulating	food	and	swallowing.				Food	
exits	the	oral	cavity	through	the	facues	and	
enters	the	pharynx	which	is	posterior	to	the	
oral	cavity.		The	pharynx	is	a	shared	tube	
between	the	respiratory	and	digestive	
systems	and	is	divided	into	the	nasopharynx	
(superior	and	respiratory	only)	the	
oropharynx	and	the	laryngopharynx	
(inferior).		It	is	at	the	laryngopharynx	the	
respiratory	and	digestive	systems	split.			The	
epiglottis	is	a	flap	of	elastic	cartilage	that	
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folds	over	the	opening	to	the	trachea	(called	the	glottis)	when	you	swallow.	This	prevents	you	
from	choking	on	food	that	you	swallow.		The	esophagus	lies	posterior	to	the	trachea	and	
extends	to	the	stomach.	
	 3	major	sets	of	tonsils	can	be	found	
associated	with	the	oral	cavity	and	pharynx.		
The	lingual	tonsils	can	be	found	medial	and	
inferior	to	the	tongue.	While	the	palatine	
tonsils,	are	located	on	the	lateral	walls	of	
the	oropharynx.		The	pharyngeal	tonsil	is	
located	on	the	posterior	surface	of	the	
nasopharynx.		All	three	sets	are	semi-
encapsulated	collections	of	lymph	nodules	
(which	are	collections	of	B	cells,	T	Cells	and	
Macrophages.)		Crypts	catch	foreign	
particles	(swallowed	or	inhaled)	and	deliver	
them	to	the	waiting	white	blood	cells.		This	
is	essentially	your	body’s	first	line	of	
defense.		
Color	and	label	the	structures	of	the	oral	
cavity	described	above.	Then	find	them	on	
the	models.	
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Part	2	The	salivary	glands	
	 The	digestive	process	starts	in	the	mouth	
where	food	is	both	physically	broken	down		and	
chemically	broken	down.					Our	teeth	physically	break	
food	down	by	grinding	(molars)	tearing	(canine)	and	
slicing	(incisors)	food.	It	is	important	that	we	break	
down	our	food	to	increase	the	surface	area	in	order	
for	digestive	enzymes	to	work.		Digestive	enzymes	can	
only	work	if	there	is	a	free	surface.		Therefore,	if	you	increase	the	surface	area,	the	enzymes	the	
digestive	enzymes	will	work	more	effectively	because	there	is	more	free	surface	area	for	the	
enzymes	to	work	on.			If	you	look	at	the	picture	above,	the	blue	square	has	a	surface	area	of	8	
cm.		When	the	square	is	divided	into	smaller	units,	the	surface	area	becomes	16	cm.				

Chemical	digestion	of	starch,	a	complex	carbohydrate,	also	begins	in	the	mouth.			The	
parotid	salivary	gland	located	anterior	to	the	ear	and	produces	saliva	that	is	rich	in	the	enzyme	

amylase	which	is	an	enzyme	that	breaks	down	starch.		
The	other	two	salivary	glands	are	the	sublingual	
(under	the	tongue)	and	submaxillary	glands.	The	
sublingual	gland	produces	saliva	that	is	mostly	mucus.	
The	function	of	the	mucus	is	to	dissolve	food	so	that	
we	can	taste	it	and	to	lubricate	food	so	that	we	can	
swallow	it.		The	submaxillary	gland	produce	70	
percent	of	the	saliva	and	the	saliva	is	a	mixture	of	
both	amylase	and	mucus.		Saliva	from	the	parotid	
gland	travels	through	the	parotid	duct	and	enters	the	
oral	cavity	through	the	internal	surface	of	the	cheek	
near	the	upper	2nd	molar.	The	saliva	from	the	
sublingual	gland	exits	through	between	10	and	20	
ducts	the	largest	of	which	is	called	the	sublingual	
duct.	These	joint	the	submandibular	duct	and	drain	

on	the	floor	of	the	mouth	near	the	lingual	
frenum.	Find	the	glands	on	the	models.	
	
1. Which	salivary	gland	is	represented	by	#	1?	What	is	

the	saliva	composed	of?	
Amylase	
	

2. Which	salivary	gland	is	represented	by	#	2?	What	is	
the	saliva	composed	of?	
	

3. Salaviary	gland	#	3	is	the	submandibular	y	gland.	
What	percent	of	saliva	comes	from	this	gland?	

		
Part	3	Layers	of	the	alimentary	canal		
		 The	remainder	of	the	alimentary	canal	can	be	described	as	a	muscular	tube	that	has	
specific	regions	of	digestion,	absorption,	and	fermentation.		While	the	alimentary	canal	is	
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divided	by	function,	each	of	the	regions	has	4	layers	or	tunics.		The	mucosal	layer	is	the	inner	
most	layer	is	composed	of	epithelial	tissue	interspersed	with	mucus	glands.		Below	that	is	the	
submucosal	which	is	made	of	dense	irregular	connective	tissue.	This	layer	contains	nerves,	
lymph	vessels	and	blood	vessels	which	supply	the	tissue	with	oxygen	and	take	absorbed	
nutrients	away.	The	third	layer	is	the	muscuaris	and	this	contains	typically	2	bands	of	muscles;	
an	inner	circular	layer	and	an	outer	longitudinal	layer.		These	layers	propel	the	food	with	
rhythmic	contractions	called	peristaltic	contractions.		Further,	they	mix	the	food	as	well.	The	
outer	layer	is	called	the	serosal	layer	which	forms	the	boundary	of	the	organs	(and	contains	
blood	vessels)	

Each	region	has	some	unique	features.	The	esophagus	has	skeletal	muscle	in	its	
muscularis	while	the	
stomach	has	a	third,	
oblique	layer	of	
muscle.		The	
stomach	is	also	
pitted	with	gastric	
glands	which	will	be	
described	in	the	next	
section.	The	walls	of	
the	small	intestines	
fold	inwards	forming	
structures	called	villi.	
The	function	of	the	
villi	is	to	increase	the	
surface	area	for	
absorption.	Lastly,	
the	colon	and	small	
intestines	have	
crypts.	These	crypts	

serve	as	a	site	of	stem	cells	that	are	constantly	dividing	to	replace	cells	lost	during	the	digestive	
process.	

Draw	the	model	of	the	digestive	tract.	Label	the	sections	with	their	special	mucosal	
feature.	Then	label	the	layers	(mucosa,	submucosa,	muscularis	and	serosa.
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Part	4:	Stomach	Observe	the	structures	on	the	stomach	
Food	enters	the	stomach	from	the	esophagus	through	
the	cardiac	(cardio	esophageal)	sphincter.		The	
sphincter	is	normally	close.	However,	the	pressure	
from	food	on	the	sphincter	causes	the	sphincter	to	
open	and	allow	food	to	enter.		
The	stomach	is	divided	into	4	regions:	the	fundus,	the	
cardiac	region,	the	body,	and	the	pyloric	region.			The	
majority	of	food	digestion	occurs	in	the	body.		The	
fundus	is	the	rounded	superior	portion	of	the	stomach	
and	it	typically	holds	gasses	produced	during	digestion	
though	it	can	store	food	for	up	to	an	hour.		The	
cardiac	region	is	near	the	cardiac	sphincter.	It	differs	
from	the	rest	of	the	stomach	in	that	in	produces	only	
mucus	which	helps	to	protect	the	opening	of	the	
esophagus	from	the	acidic	nature	of	the	stomach.	
Chemical	and	physical	digestion	occur	in	the	body,	3	
rows	of	bands	of		muscle,	the	inner	oblique,	the	
middle	circular,	and	outer	longitudinal	kneed	and	
churn	the	contents	of	the	stomach.	This	mixes	gastric	
juice	with	the	food	and	produces	a	watery	mixture	called	chyme.	The	pyloric	region	controls	the	release	of	chyme	
through	the	pyloric	sphincter.		Similar	to	the	cardiac	region	,	The	pyloric	region	the	only	secretes	mucus.	
	On	the	model,	note	the	rugae.	The	rugae	are	ridges	that	allow	the	stomach	to	expand	in	size.				If	you	were	to	
observe	the	lining	of	the	stomach	with	a	microscope,	you	would	notice	numerous	crypts	which	are	known	as	
gastric	glands.		

	 The	main	function	of	the	stomach	is	the	digestion	of	
proteins.		hydrochloric	acid,	which	is	released	by	the	parietal	
cells	of	the	gastric	gland,	causes	proteins	to	denature	(lose	their	
shape.)		This	exposes	the	peptide	bonds	of	the	proteins	and	
allows	for	enzymes	to	break	the	proteins	down	to	amino	acids.	
Since	salivary	amylase	is	an	enzyme	that	functions	at	pH	7,	it	
too	is	denatured.	Parietal	cells	are	most	numerous	in	the	fundus	
though	they	can	also	be	found	in	the	body.	The		hydrochloric	
acid	produced	by	the	parietal	cells	also	turns	the	proenzyme	
pepsinogen,	which	is	made	by	the	chief	cells,	into	its	active	form,	
pepsin.		Pepsin	breaks	the	peptide	bonds	of	proteins.		The	
mucus	cells	are	found	at	the	top	of	the	gastric	pit	and	are	
present	throughout	the	stomach.	They	produce	thick	mucus	that	
protects	the	lining	of	the	stomach	from	being	digested	by	the	
hydrochloric	acid.	
Also	made	by	the	stomach	are	various	hormones	and	intrinsic	
factor	which	aids	in	the	absorption	of	vitamin	B12.		 Gastrin	is	
produced	by	the	enteroendocrine	cells	(G	cells)	through	vagal	
stimulation.	Gastrin	causes	hydrochloric	acid	to	be	released	by	
the	parietal	cells,		pepsinogen	from	the	chief	cells,	pancreatic	
juice	from	the	pancreases,	and		increases	intestinal	motility	
including	mass	movements	of	the	colon.		The	cells	

enteroendocrine	cells	also	produce	CCK	which	causes	the	release	of	bile	and	pancreatic	juice.		Lastly,	the	
enteroendocrine	cells	produce	ghrelin	when	the	stomach	is	empty.		This	sends	a	message	to	the	brain	that	the	
stomach	is	empty	and	that	you	should	eat.	Levels	of	this	hormone	spike	prior	to	regular	meal	times.	Chief	cells	
produce	the	hormone	leptin.	This	hormone	stimulates	the	satiety	center	of	the	hypothalamus	which	in	turn	
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inhibits	the	hunger	center.	The	result	of	leptin	‘s	action	is	that	you	feel	full.	The	parietal	cells	also	produce	
something	known	as	intrinsic	factor	which	helps	with	vitamin	B12	absorption.						
	 It	is	commonly	assumed	that	food	is	absorbed	in	the	stomach.	With	the	exception	of	some	Alcohol,	aspirin	
and	some	drugs,		no	absorption	takes	place	in	the	stomach.	Those	substances	are	absorbed	more	due	their	
lipidphilic	nature	than	any	transport	channels.		
	Fill	out	the	following	chart	in	terms	of	stomach	gland	secretion	

	
	
Part	5:	The	small	intestines	and	MALT		
	So	far,	we	have	observed	the	structures	of	the	digestive	
system	from	the	oral	cavity	until	the	pyloric	sphincter.		In	this	
section,	we	will	observe	microscopic	and	gross	structures	in	
regards	to	the	intestines	(small	and	large)	and	the	accessory	
organs	associated	with	them.		
	The	intestines	are	divided	into	the	small	intestines,	which	is	
sub	divided	into	the	duodenum,	jejunum,	and	ileum)	and	the	
large	intestines,	which	is	subdivided	into	the	ascending	
colon,	transverse	colon,	descending	colon,	and	sigmoid	colon.			
The	small	and	large	intestines	get	their	names	due	to	their	
diameter,	not	their	length.	Therefore,	the	large	intestines	are	
larger	in	diameter	than	the	small	intestines.			In	terms	of	
length,	the	small	intestines	are	almost	3	times	longer	than	
the	large	intestines.We	will	also	look	at	the	MALT	associated	
with	the	small	intestine	and	appendix.		
	

Chyme	enters	the	duodenum	through	the	pyloric	sphincter.		Here	the	chyme	mixes	with	pancreatic	juice,	
which	enters	from	the	major	duodenal	papilla,	and	chemical	digestion	finishes.	Pancreatic	juice	contains	
pancreatic	amylase	to	digest	starch,	and		
pancreatic	lipase	to	digest	lipids.			2	
enzymes,	trypsin	and	chymotrypsin	,	finish	
the	chemical	digestion	of	proteins.			
Pancreatic	juice	is	also	rich	in	bicarbonate	
which	helps	to	buffer	the	acidic	nature	of	
chyme.		The	submucosal	layer	also	
releases	a	very	alkaline	mucus	which	helps	
to	buffer/neutralize	the	gastric	juice	in	the	
chyme.	

The	villi,	which	are	more	liked	
stacked	leafs	in	this	region,	contain	
enzymes	that	digest	sucrose	(sucrose),	
maltos	(maltase),	and	lactose	(lactase).		
Therefore,	their	role	is	more	to	finish	
chemical	digestion	than	to	absorb	nutrients.		

The	liver/gall	bladder	release	bile	with	the	pancreatic	juice	into	the	duodenum.		Bile	contains	bile	salts,	
bile	acids,	bile	pigments	and	phospholipids.	Bile	functions	to	emulsify	lipids	(clump	them	together	in	little	balls	

Secretion	 Cells	
Producing	

Function	of	Secretion			 Secretion	 Cells	
Producing	

Function	of	Secretion	

Gastrin	 	 	 Leptin	 	 	
Ghrelin	 	 	 Mucus	 	 	
Hydrochloric	Acid	 	 	 	Pepsin/	

pepsinogen	
	 	

Intrinsic	Factor	 			 	
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called	micelles)	and	to	aid	in	their	digestion.	At	the	duodenojejunal	flexture,	a	sharp	U	turn	on	the	left	hand	side,	
the	duodenum	becomes	the	jejunum.		This	is	apparent	due	to	the	change	in	the	villi	and	that	chemical	absorption	
begins.	

	
The	second	and	middle	portion	of	the	small	intestines	is	the	Jejunum.		The	
majority	of	absorption	takes	place	in	this	region	of	the	small	intestine.		
Because	absorption	takes	place	here,	there	are	multiple	folds	called	villi	
and	the	function	of	those	folds	is	to	increase	the	surface	area.	The	cells	of	
the	villi	have	numerous	microvilli	that	increase	the	surface	area	even	more.	
As	a	result	of	the	villi	and	microvilli,	the	surface	area	of	the	small	intestines	
is	increased	by	about	600	times.				The	villi	are	lined	with	absorptive	cells.	
These	cells,	which	are	columnar	epithelial	tissue,		absorb	nutrients.	Water	
and	lipids	enter	the	cells	through	simple	diffusion	while	some	minerals	and	
fructose	enter	through	specialized	channels	(therefore,	facilitated	
diffusion.)	Nutrients	such	as	glucose	and	sodium	are	actively	transported	in	
while	amino	acids	are	absorbed	through	endocytosis.		
	 Lipids	enter	a	special	lymph	capillary	called	a	lacteal.	This	enters	
the	abdominal	trunk,	which	joins	the	thoracic	duct.	Therefore,	lipids	go	
directly	into	the	bloodstream.	All	other	nutrients	enter	a	capillary	and	
which	eventually	becomes	part	of	the	hepatic	portal	system.			These	
nutrients	eventually	reach	the	liver	for	processing.	By	the	end	of	the	
jejunum,	most	of	the	carbohydrates,	lipids,	and	amino	acids	(proteins)	have	
been	absorbed.		

	
The	third	and	final	section	of	the	small	intestine	is	called	the	Ileum.		Most	nutrients	have	been	absorbed.	The	Ileum	
mostly	absorbs	B12	and	reabsorbs	Bile	Salts.	However	due	to	numerous	villi,	the	Ileum	is	equipped	to	absorb	
whatever	the	Jejunum	did	not.	The	Ileum	also	has	lymph	nodules	called	peyer’s	patches.	These	patches	have	
macrophages	and	neutrophils	and	help	prevent	pathogens	from	entering	the	body	through	the	intestines.	Food	
moves	the	entire	length	of	the	small	intestines	via	rhythmic	smooth	muscle	contractions	called	peristalsis.		
Food	enters	the	large	intestines	through	the	Ileocecal	valve	(another	sphincter)	and	enters	the	cecum.		In	
herbivores	the	Cecum	serves	to	ferment	cellulose	though	in	humans	it	doesn’t	appear	to	perform	that	function.		
The	appendix’s	function	is	unknown	but	recent	studies	are	pointing	to	probiotics;	having	beneficial	bacteria	to	
outcompete	harmful	bacteria.		The	colon	is	made	up	of	the	Ascending,	Transverse	descending	and	sigmoid	colons.	
Since	most	of	the	food	has	been	absorbed	in	the	small	intestines,	other	substances	are	absorbed	in	the	large	
intestines.	Water	and	electrolytes,	mainly	sodium	and	potassium,	are	absorbed	in	the	large	intestines	as	well	as	
vitamins	B12,	K,		riboflavin	and	niacin	(the	later	3	being	made	by	bacteria	in	the	intestines.)	Smooth	muscle	has	
been	reduced	to	thin	bands	and	they	serve	to	propel	the	food	the	remainder	of	the	distance	to	the	anus.	
Find	the	parts	of	the	intestine	on	the	models.	Then	use	your	class	notes,	book,	and	this	lab	to	answer	these	
questions.	

1. What	occurs	in	the	Duodenum	?What	occurs	in	the	Jejunum	?	What	occurs	in	the	Ileum	?	
	

2. What	is	absorbed	in	the	large	intestines?	
	

3. What	is	the	immune	function	of	the	bacteria	in	the	large	intestines?	
	

4. What	other	function	do	the	bacteria	of	the	large	intestine	play?	
	
	
	
	
	



 

111 Photos by John Polos. Free to reproduce for educational purposes. 
 

Bio 20b Anatomy and Physiology II Lab Book  Name__________________________ 

Part	5a	Histology	of	the	small	Intestines	
To	the	left	is	the	prototype	model	of	the	

small	intestine.		For	the	most	part,	the	wall	of	the	
small	have	numerous	outcroppings	called	Villi.	The	
purpose	of	the	villi	is	to	increase	the	surface	area.	
The	columnar	epithelial	of	the	villi	have	projections	
called	microvilli.	These	projections	also	serve	to	
increase	the	surface	area.		Spaced	in-between	the	
epithelial	cells	are	goblet	cells	which	secret	mucus.	
Inside	each	villus	is	a	specialized	lymph	capillary	
called	a	lacteal.		Due	to	the	higher	pressure	of	
circulatory	vessels,	large	fatty	acids	cannot	enter	
circulation	but	they	do	not	have	trouble	entering	the	
low	pressure	lacteal	.	The	lacteal	takes	lipids	and	fat	
soluble	vitamins	that	have	been	absorbed	and	
transports	them	to	the	lymphatic	system	which	in	
turn	takes	them	to	the	circulatory	system.		The	
circulatory	system	eventually	takes	the	fatty	acids	to	
the	liver	for	processing.	Each	villus	also	has	a	
capillary	bed	which	takes	absorbed	amino	acids,	
glucose,	and	water	soluble	vitamins	to	the	
circulatory	system	to	be	transported	to	the	liver	via	
the	hepatic	portal	vein.	The	small	intestine	has	
numerous	crypts	or	intestinal	glands.	These	house	
stem	cells	to	replace	the	cells	constantly	being	loss.			
Each	part	of	the	small	intestine	also	has	an	inner	
circular	and	outer	longitudinal	layer.	
	 In	reality,		the	3	sections	differ	slightly.	The	
duodenum	has	very	small	villi	and	in	the	mucosal	
layer,	it	has	numerous	brunner’s	(mucus)	glands.		

These	glands	produce	an	alkaline	mucus	that	protect	the	lining	against	gastric	juice.	The	villi	are	most	apparent	in	
the	jejunum	and	it	has	nothing	in	the	submucosal	layer	aside	from	crypts.		Finally,	the	ileum	has	lymph	nodules	
called	Peyer’s	Patches	in	its	submucosal	layer.		

Draw	the	different	regions	of	the	intestines	and	label	the	structures	shown.	
duodenum		 	 	 	 	 	 	 jejunum	Low	
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				jejunum	High	 	 	 	 	 	 ileum	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

					
Part	6	The	Liver	and	Pancreas	 	
	 The	liver	and	pancreas	are	2	accessory	organs	whose	secretions	are	
vital	for	digestion.			The	pancreas	is	sits	under	(inferior	and	deep)	the	
stomach.		In	an	earlier	lab,	we	learned	about	the	islets	of	langerhan	which	
produce	insulin	and	glucagon.		Pancreatic	acinar	cells,	cells	found	in	clusters	
called	acini,	are	more	common	in	the	pancreas.	These	produce	bicarbonate	
ions	and	digestive	enzymes	(lipase,	amylase,	trypsin,	and	chymotrypsin)		into	
the	center	of	the	acinus.	These	secretions,	which	are	triggered	by	CCK	and	
gastrin,	follow	these	small	ducts	until	they	merge	with	the	central	pancreatic	
duct.			The	pancreatic	duct	exits	alongside	the	common	bile	duct	in	a	structure	
known	as	the	major	duodenal	pipalla.			The	bicarbonate	ions	buffer	
hydrochloric	acid.	This	is	important	to	deactivate	pepsin	and	produce	an	
environment	the	pancreatic	enzymes	can	work	at.		Lipase	will	digest	lipids	
while	amylase	digests	starch.		Both	trypsin	and	chymotrypsin	digest	protein	
into	small	chains.		
	 The	liver	takes	up	the	upper	right	quadrant	of	the	abdominal	cavity	and	it	is	divided	into	multiple	lobes.		
The	left	and	right	lobes	are	divided	by	the	gallbladder	and	the	hepatic	portal	vein.			The	right	lobe	is	divided	into	
the	right	lobe	(proper)	and	the	quadrate		lobe	by	the	ligamentum	teres	(not	shown).	The	caudate	lobe	is	separated	
by	the	hepatic	artery	and	the	portal	vein	from	the	other	lobes.		This,	and	the	fact	it	receives	its	own	blood	supply	
from	these	vessels,	make	it	a	true	separate	lobe	unlike	the	quadrate	
lobe.	
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	 The	liver	plays	important	roles	in	protein,	carbohydrate,	and	
lipid	synthesis	and	decomposition	as	well	as	a	role	in	detoxifying	
toxicants.	The	main	product	of	the	liver	is	a	substance	called	bile	which	
contains	bile	acids,	phospholipids,	and	waste	products	(called	bile	
pigmants).	Bile	exit	out	of	the	concave	hillum	of	the	liver	from	the	
hepatic	duct	and	enter	the	cystic	duct	to	gall	bladder	for	storage.		CCK	
causes	bile	to	be	released	through	the	cystic	duct	and	the	common	bile	
duct	where	it	enters	the	small	intestine	through	the	major	duodenal	
pipalla.		

Blood	enters	the	liver	through	both	the	hepatic	artery	(from	the	
celiac	trunk)	and	the	hepatic	portal	vein	(from	the	intestines).	The	
hepatic	portal	vein	is	bringing	nutrients	to	be	processed	from	the	
digestive	system	while	the	hepatic	artery	is	bringing	any	number	of	

substances	from	the	body.		The	cells	of	the	liver	are	encapsulated	into	hexagonal	shaped	lobules.		At	each	corner	is	
a	portal	triad	while	in	the	center	is	the	central	vein.		

The	portal	triad	is	made	up	of	3	small	vessels.		An	arteriole	from	the	hepatic	artery	and	a	venule	from	the	
portal	vein	bring	blood	to	the	lobule.		The	blood	drains	through	a	series	
sinusoids	that	are	lined	by	hepatocytes.		The	hepatocytes	absorb	
substances	from	the	blood	from	the	sinusoids	and	process	it;	either	to	be	
secreted	from	the	body,	stored	in	the	liver,	or	repackaged	and	secreted	
into	the	sinusoid.			Substances	secreted	into	the	sinusoid	along	with	the	
blood	drain	into	the	central	vein	of	the	lobule	which	will	eventually	
become	part	of	the	hepatic	vein.		Hepatocytes	will	secrete	phospholipids,	
bile	acids,	and	bile	pigments	into	other	structures	called	bile	canaliculi.		
These	canaliculi	lead	to	the	bile	duct	and	eventually	exit	through	the	
hepatic	duct	where	they	are	stored	in	the	gall	bladder.		The	phospholipids	
and	bile	acids	help	to	digest	lipids	while	the	bile	pigments	are	
wasteproducts	(such	as	bilirubin)	that	the	liver	is	getting	rid	of.		Lining	the	
sinusoids	are	specially	macrophages	called	Kupffer	cells.	These	cells	recycle	
red	blood	cells	and	capture	the	iron	at	the	center	of	the	hemoglobin.		

In	the	space	below,	draw	the	liver	(inferior	view)	and	pancreas.	
Label	the	structures	explained	in	this	section.	

Identify	the	parts	of	the	pancreas,	stomach	and	liver	
1.___________________	 8.__________________	
	
2.___________________	 9.__________________	
	
3.___________________	 10._________________	
	
4.___________________	 11._________________	
	
5.___________________	 12._________________	
	
6.___________________	 13._________________	
	
7.___________________	 14._________________	
	

	
15._________________	 16._________________	 17._________________	 18._________________	 	
	
19._________________	 29._________________	 21._________________	
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Part	7	The	Colon	(Large	Intestines)		
	Undigested	food	enters	the	large	intestines	through	the	ileocecal	valve	and	enters	a	chamber	

called	the	cecum.	At	this	point,	it	is	mostly	fiber,	mucus	and	sloshed	off	cells.			However,	this	is	a	
bonanza	for	the	bacteria	that	inhabit	the	large	intestines	for	they	will	digest	this	and	give	us	fatty	acids,	
some	niacin,	and	vitamin	K.	Sodium,	Calcium,	and	potassium	are	also	absorbed	as	needed.	
	 The	first	structure	is	called	the	cecum.	
In	other	mammals,	the	cecum	acts	to	ferment	
fruits	and	vegetables.	However,	in	humans,	it	is	
more	the	entry	to	the	large	intestines.		Inferior	
to	the	cecum	is	the	appendix.			It	is	thought	
that	the	appendix	was	once	an	extension	of	the	
cecum	for	fermentation.		Once	thought	
vestigial,	it	is	now	believed	to	play	a	role	in	
maintaining	the	bacterial	flora	of	the	large	
intestines	both	through	its	numerous	lymph	
nodes	(it	is	part	of	MALT)	and	that	it	shelters	
beneficial	bacteria	during	times	of	purging	the	
large	intestines.		
	 The	remainder	of	the	large	intestine	is	
divided	into	4	parts.	The	ascending	colon	
travels	from	the	cecum	to	the	right	(hepatic)	
flexure.		The	transverse	colon	cuts	across	the	
abdomen	from	the	right	(hepatic)	to	the	left	
(splenic)	flexure.		The	descending	colon	travels	from	left	(splenic)	flexure	the	to	the	sigmoid	colon	
which	forms	an	S	under	the	small	intestines.		From	here,	what	is	left	enters	the	rectum	to	be	expelled.	
	 The	large	intestine	lacks	villi.	Instead,	it	has	numerous	crypts.		These	crypts	have	cells	that	
absorb	electrolytes	as	well	as	mucus	producing	cells.		The	crypts	also	house	stem	cells	to	replace	cells	
that	are	sloshed	off.	The	muscularis’	longitudinal	layer	is	also	not	continuous.		Instead	there	are	3	bands	
called	teniae	coli	which	bunch	the	large	intestine	together	(in	structures	called	Haustra.)	
Followup	 	 	 Label	the	structures	

1. ____________________	 	 9.	____________________	
	

2. ____________________	 	 10.	____________________	
	

3. ____________________	 	 11.	____________________	
	

4. ____________________	 	 12	____________________	
	

5. ____________________	 	 14.	____________________	
	

6. ____________________	 	 15.	____________________	
	

7. ____________________	 	 16.	____________________	
	

8. ____________________	 	 17.	____________________	
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Follow-up.	Identify	the	
structure		
1.	_______________	

2.	_______________	

3.	_______________	

4.	_______________	

5.	_______________	

6.	_______________	

7.	_______________	

8.	_______________	

9.	_______________	

10.	_______________	
	 	
11.	_______________	
	 	
12.	_______________	
	 	
13.	_______________	
	 	
14.	_______________	
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Lab	39	Amylase	Digestion	of	starch	
Introduction/Background	
	 One	of	the	primary	functions	of	the	digestive	system	is	the	break	down	the	nutrients	
that	we	eat	into	smaller	subunits	that	our	intestinal	track	can	absorb.		Let	us	look	at	a	nutrient	
that	everyone	is	familiar	with	for	example:	proteins.		Proteins	are	large	complex	molecules.	Our	
bodies	cannot	absorb	them	directly	and	if	our	body	was	able	to,	the	immune	system	would	
mount	a	response.	(Many	food	allergies	come	from	small	proteins.)		Therefore	in	our	stomach,	
hydrochloric	acid	(HCl,	pH	2)	causes	the	proteins	to	unfold	(denature).	By	denaturing	the	

protein	HCl	exposes	the	chemical	
bonds	holding	the	protein	
molecules	together.	Once	the	
protein	is	denatured,		an	enzyme	
called	pepsin	is	able	to	break	the	
bond	between	each	amino	acid	in	
the	protein	chain.	If	you	recall	from	
basic	chemistry	an	enzyme	is	a	
special	protein	that	speeds	up	
chemical	reactions.		In	the	stomach,	

pepsin	will	work	only	to	digest	proteins.		Lipids	are	digested	in	the	stomach	by	another	enzyme	
called	gastric	lipase.		The	reason	for	this	is	because	enzymes	are	specific.	That	means	that	each	
enzyme	can	only	speed	up	1	reaction.		Another	interesting	to	note	is	that	both	gastric	lipase	
and	pepsin	function	at	a	pH	of	2	due	to	the	acid	in	the	stomach.		When	both	of	these	enzymes	
enter	the	small	intestines	which	have	a	pH	of	10	due	to	pancreatic	and	intestinal	secretions,	
they	denature.	This	is	also	seen	in	the	stomach	when	lingual	lipase,	which	is	made	in	the	mouth	
to	digest	lipids,	enters	the	stomach	with	swallowed	food.	The	acidic	nature	of	the	stomach	
denatures	the	lingual	lipase.		

In	this	lab,	we	will	be	testing	the	effectiveness	of	the	enzyme	amylase	under	different	
test	conditions.	Amylase	breaks	down	the	
carbohydrate	known	as	amylose	in	the	
mouth	and	small	intestine	and	is	therefore	
produced	by	both	the	pancreas	and	the	
salivary	glands.	(You’ll	be	asked	later	if	it	
works	in	the	stomach	and	to	support	that	
claim).			Amylose	is	a	complex	carbohydrate	
made	up	of	long	chains	of	glucose	molecules.	
Amylase	breaks	the	chain	at	the	site	of	the	
oxygen	molecule	between	the	glucose	
molecules.	This	results	in	the	release	of	a	
glucose	molecule,	which	is	a	simple	sugar,	
and	water.		Sometimes	you	get	a	second	simple	sugar	called	maltose.		Maltose	is	just	2	glucose	
molecules	bonded	together.	
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Cellulose	is	similar	to	starch	in	that	cellulose	too	is	a	long	chain	of	glucose	molecules.	
However	cellulose	has	1	important	difference.		The	bonds	between	the	glucose	molecules	are	
the	mirror	image	to	the	bonds	in	starch.	Notice	that	the	bonds	between	glucose	in	starch	are	
facing	downwards	while	the	bonds	in	cellulose	are	facing	upwards.	You	will	recall	from	
elementary	school	that	cows	have	bacteria	in	their	stomach	and	termites	have	a	protozoan	in	

their	intestine	to	digest	the	cellulose	in	their	diets.		That	
is	because	termites	and	cows	lack	the	enzyme	to	break	
down	cellulose.			

We	will	be	testing	the	specificity	of	amylase	
(what	amylase	can	break	down)	as	well	as	the	affects	of	
temperature	and	pH	on	amylase.		To	do	this	we	will	
place	a	carbohydrate	(simple	or	complex),	a	pH	buffer,	
and	an	enzyme	in	a	test	tube.	The	tubes	will	incubate	for	
“60	minutes”	(really	60	seconds)	so	that	the	enzyme	has	
a	chance	to	work	on	the	substrate.	A	substrate	is	defined	
as	the	molecule	that	the	enzyme	will	work	on.			To	test	
effectiveness,	we	conduct	2	tests.	The	first	test	is	the	IKI	

test	and	it	tests	for	any	remaining	complex	carbohydrates.		To	conduct	an	IKI	test,	you	place		a	
sample	of	liquid	into	a	test	tube	and	then	place	a	drop	of	IKI	solution.		If	there	is	a	complex	
carbohydrate,	the	IKI	solution	binds	to	the	entire	length	of	the	complex	carbohydrate	turning	it	
a	black	color.		If	there	is	no	starch,	the	color	is	yellow.			

The	problem	with	the	IKI	test	is	that	it	does	not	tell	the	amount	of	starch	left	over.		In	
the	picture	above,	test	tube’s	5	and	6	both	tested	positive	for	starch;	however,	they	do	not	
have	equal	amounts	of	starch	in	them.	(Also	note	that	test	tubes	1,	2,	and	7	do	not	have	starch	
in	them.)		Therefore,	we	will	also	test	for	the	presence	of	glucose	with	a	benedict’s	test.	The	
benedict’s	test	tests	for	the	presence	of	simple	sugars	such	as	glucose,	fructose,	lactose,	and	
maltose,	but	not	for	sucrose	due	to	sucrose’s	bond	structure.		The	benedict’s	test	also	gives	
you	a	relative	scale	of	how	much	of	the	simple	scale	(glucose	in	
this	case)	is	present.	You	will	recall	that	for	the	IKI	test	on	the	
previous	page	that	both	test	tubes	5	and	6	tested	positive	for	
the	presence	of	starch.	However,	test	tube	5	had	more	starch	
(and	therefore	less	glucose)	than	test	tube	6.		The	benidict’s	
test	will	allow	you	to	decipher	how	much	starch	was	broken	
down	into	glucose	and	therefore	how	effective	the	enzyme	
was.		Test	tube	5	is	blue.	This	means	that	there	no	glucose	
present	and	that	none	of	the	starch	was	broken	down.	So	a	
blue	color	means	that	the	enzyme	did	not	work,	it	was	not	present,	or	that	you	used	the	wrong	
substrate.		Test	tube	7	is	brown.	This	means	that	there	is	lots	of	glucose	and	if	you	refer	back	
to	the	previous	page	you	will	see	that	no	starch	was	left.	This	means	that	the	enzyme	was	100	
percent	effective.			Test	tube	6	is	green.	A	green	result	means	that	there	is	very	little	to	some	
glucose	present.		This	means	that	the	enzyme	worked	but	it	was	not	very	effective.	We	can	see	
this	is	true	because	starch	was	left	over.	
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Prelab	questions.	Answer	these	questions	before	lab!				
1. What	is	an	enzyme?		

	
2. What	does	pepsin	digest?			
	
3. What	does	lipase	digest?	

	
4. What	is	amylase	and	where	is	it	found?	

	
5. What	is	starch	made	up	of?	

	
	

1	

	Part	A:	Protocol		
1. Go	to	Digestive	

Physiology:	Amylase	
2. Drag	7	test	tubes	from	

the	test	tube	rack	and	
drop	1	in	each	place	
holder.	

3. Arrange	the	tubes	as	
follows	
• Tube	1	Positive	

control:	Amylase,	
Starch	and	pH	7	
buffer.	

o The	purpose	
of	this	tube	is	
to	prove	
amylase	changes	starch	to	glucose	at	a	neutral	pH.	The	result	should	be	that	
starch	is	absent	in	the	IKI	test	and	there	is	a	lot	of	glucose	in	the	benedict’s	
test	

• Tube	2	Negative	control	1	:Water,	Starch	and	pH	7	buffer	
• Tube	3	Negative	control	2:	Amylase,	Water,	and	pH	7	buffer	

o The	purpose	of	tubes	2	and	3	is	to	prove	that	it	is	the	amylase	reacts	with	
starch	and	that	there	is	no	contamination	giving	the	result.	The	expected	test	
is	starch	is	left	in	the	tube	(positive	IKI)	and	no	glucose		(negative	benedict’s)	

• Tube	4	Lowering	the	pH:	Amylase,	Starch	and	pH	2	buffer.	
• Tube	5	Raising	the	pH:	Amylase,	Starch	and	pH	9	buffer	

o Tubes	4	and	5	are	testing	to	see	what	changing	the	pH	does	to	enzymatic	
activity	

• Tube	6	Changing	the	substrate:	Amylase,	Cellulose,	and	pH	7	buffer	
• Tube	7	Changing	the	enzyme:	Pepsin	(peptidase),	starch	and	pH	2	buffer	

o The	last	2	tubes	are	to	prove	that	enzymes	are	specific.	
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4. Click	incubate	to	incubate	the	tubes	for	60	minutes	(60	seconds	of	real	time)	When	you	
are	done,	the	test	kit	will	open.	

5. Drag	each	test	tube	up	to	the	test	kit.	The	program	will	automatically	pour	half	of	the	
content	into	a	test	tube.	

6. Drag	the	IKI	solution	to	
test	tube	1	in	the	test	kit	
and	release	the	mouse.	
The	computer	will	
automatically	add	to	
each	solution.	

a. A	positive	IKI	test	
is	black	=	
Complex	sugar	is	
present	

b. A	negative	IKI	
test	is	yellow	=	
no	complex	
sugars	are	
present.	

7. Record	IKI	results.	Put	+	
for	positive,	-	for	negative	

8. Place	a	drop	of	the	benedict’s	solution	in	each	beaker	on	the	incubator.		(You	have	to	do	
it	for	each	tube)	

9. Click	boil.	
10. The	beakers	should	come	up	1	of	3	colors.	The	colors	mean	

a. Blue=Negaitve.	No	glucose	Write	a	minus	(-)	sign	
b. Green=Weak	positive	à	Some	glucose	write	a	single	plus	(+)	sign	
c. Red/Brown=Strong	positivle	à	Lots	of	glucose	write	2	plus	signs	(++)	

11. Record	results	on	the	next	page.	
Part	1:	testing	for	changes	in	pH,	substrate	and	enzyme	
Tube	#	 1	 2	 3	 4	 5	 6	 7	
Enzyme	 Amylase	 Water	 Amylase	 Amylase	 Amylase	 Amylase	 Peptidase	

Substrate	 Starch	 Starch	 Water	 Starch	 Starch	 Cellulose	 Starch	
Buffer	 pH	7	 pH	7	 pH	7	 pH	2	 pH	9	 pH	7	 pH	2	

IKI	result	 	 	 	 	 	 	 	
Benedicts	
result	

	 	 	 	 	 	 	

• IKI	yellow=negative	à 	No	complex	carbohydrate						black	à 	positive	à 	Complex	
carbohydrates	

• Benedicts			Blue	=	Negative	à 	No	simple	sugars		Green	=	weak	positive	à 	some	
simple	sugars	and	brown/red	=	strong	positive	lots	of	simple	sugars	

1. What	was	the	result	for	tube	1?	What	did	this	prove?		
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2. What	was	the	purpose	for	tubes	2	and	3?Were		the	results	expected?	
	

3. For	tube	4	how	did	lowering	the	pH	change	the	effectiveness	of	amylase?		
	

4. For	tube	5,	how	did	raising	the	pH	change	the	effectiveness	of	amylase?	
	

5. Was	amylase		able	to	digest	cellulose?	Was	pepsin	able	to	digest	starch?	What	do	these	
results	prove?	
	

Part	2	
We	will	be	exploring	other	aspects	of	enzyme-	substrate	activity	in	this	part.	Some	of	the	
cases	are	designed	to	make	you	think	and	figure	out	the	data	on	your	own.	

1. Clear	the	test	tubes	from	previous	experiment	by	either	dragging	all	7	into	the	test	tube	
cleaner	or	resetting	the	module.	

2. Set	up	the	test	tubes	as	follows:	
a. Tube	1	Positive	control:	Amylase,	Starch	and	pH	7	buffer.	
b. Sent	up	tube	2	with	starch	pH7	buffer	and	amylase.	However	then:	

i. Click	on	the	number	2	(below	the	tube)	
ii. Click	on	boil.	We	will	observe	what	boiling	does	to	an	enzyme	

c. Set	up	tube	3	with	starch,	pH	7	buffer	and	amylase.	However	then:	
i. Click	on	the	number	3	(below	the	tube)	
ii. Click	on	freeze.	We	will	see	what	freezing	does.	

d. 	Set	ube	4	with	cellulose,	pH	7	buffer	and	bacteria.	However	then:	
i. Click	on	the	number	4	(below	the	tube)	
ii. Click	on	freeze.	We	will	see	what	freezing	does.	

e. Set	up	tube	5	with	cellulose,	pH	7	buffer	and	bacteria	
i. We	will	test	if	bacteria	at	a	neutral	pH	can	break	down	cellulose	

f. Set	up	tube	6	with	cellulose,	pH2	buffer	and	bacteria	
i. We	will	see	if	changing	the	pH	alters	the	above	test	results	

g. Set	up	tube	7	with	glucose,	a	simple	sugar,	pH	7	and	water.	
Follow	the	protocols	from	the	previous	experiment	(#	4	–	11)	and	record	your	data	

Part	1:	testing	for	changes	in	pH,	substrate	and	enzyme	
Tube	#	 1	 2	 3	 4	 5	 6	 7	
Substrate	 Starch	 Starch	 Starch	 Cellulose	 Cellulose	 Cellulose	 Glucose	

Buffer	 pH	7	 pH	7	 pH	7	 pH	7	 pH	7	 pH	2	 pH	7	
Third	

additive	
Amylase	 Amylase	 Amylase	 Bacteria	 Bacteria	 Bacteria	 Water	

Special	
cases	

	 Boil	 Freeze	 Freeze	 	 	 	

IKI	result	 	 	 	 	 	 	 	
Benedicts	
result	
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• IKI	yellow=negative	à 	No	complex	carbohydrate						black	à 	positive	à 	Complex	
carbohydrates	

• Benedicts			Blue	=	Negative	à 	No	simple	sugars		Green	=	weak	positive	à 	some	
simple	sugars	and	brown/red	=	strong	positive	lots	of	simple	sugars	

	
1. Why	did	we	repeat	the	positive	control	for	tube	1?	

	
	

2. For	test	tube	2:	What	effect	did	boiling	have	on	the	function	of	amylase?	
	

3. For	tube	3,	what	effect	did	freezing	have	on	amylase?	
	

4. For	tube	4,	what	effect	did	freezing	the	bacteria	have	on	the	bacteria?		
	

5. Was	the	bacteria	able	to	digest	cellulose	at	pH	7?	What	does	that	mean	about	the	
bacteria?	
	

6. Was	the	bacteria	able	to	digest	cellulose	at	pH	2.		What	does	this	mean	about	the	
bacteria’s	homeostasis?		
	

7. Why	did	I	have	a	positive	benedicts	test	for	tube	7	when	I	had	no	enzyme	in	the	tube.	
	

	
	
	
A	C	T	I	V	I	T	Y	2	
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Lab	40	Urinary	System	Anatomy	
Introduction:		
The	urinary	system	functions	to	control	water	and	
electrolyte	balance,	maintain	proper	blood	pH	and	to	
remove	waste	products	from	the	blood.		On	average	the	
urinary	system	filters	between	150	and	180	liters	of	
blood	while	only	producing	1-2	liters	of	very	
concentrated	(hyperosmotic)	urine.			

The	2	kidneys	are	embedded	in	the	posterior	
abdominal	wall	on	either	side	of	the	spine.			Blood	enters	
the	kidney	from	the	renal	artery	and	leaves	from	the	
renal	vein	through	the	concave	medial	border	of	the	
kidney,	which	is	called	the	hilum.	Microscopic	units	
called	nephrons	filter	the	blood	and	produce	the	
hyperosmotic	urine.		Urine	travels	from	the	kidneys	to	
the	urinary	bladder	via	the	ureters.		The	ureters	are	

made	up	of	transitional	epithelium,	which	allows	expansion,	and	smooth	muscle.		Similar	to	the	
digestive	system,	the	muscle	layer	of	the	ureters	moves	urine	via	peristaltic	contractions.		The	
urinary	bladder	sits	on	the	floor	of	the	pelvic	cavity	with	the	rectum	posterior	to	it.	In	women,	
the	uterus	sits	on	top	of	the	urinary	and	it	is	anterior	to	the	vagina.		Transitional	epithelium	
makes	up	the	inner	lining	of	the	urinary	bladder.	This	allows	for	expansion	as	the	urinary	
bladder	fills	with	urine.	The	urinary	bladder	holds	the	urine	until	urination	where	the	urine	
travels	along	the	urethra	and	out	of	the	urogenital	opening.		In	men,	the	urethra	is	about	17-24	
centimeters	long	and	it	is	a	shared	tube	with	the	reproductive	system.	That	is,	both	semen	and	
urine	leave	through	the	urethra.			In	women,	the	urethra,	is	anterior	to	the	vagina	and	exits	
within	the	labia	minora.		

	
Activity	1:	Observation	
of	the	Urinary	Track.	
As	mentioned	in	the	
intro,	the	ureters	
connect	the	kidneys	
with	the	urinary	
bladder.	Fluid	moves	
down	the	ureters	via	
peristaltic	contractions.	
Note	that	both	the	
male	and	the	female	
pelvis	models	give	a	
clear	indication	as	to	



 

123 Photos by John Polos. Free to reproduce for educational purposes. 
 

Bio 20b Anatomy and Physiology II Lab Book  Name__________________________ 

how	the	bladder	sits	in	the	pelvis.	Blood	enters	the	kidney	from	the	descending	aorta	through	
the	renal	artery	to	enter	the	Kidney.		Blood	leaves	the	kidney	through	the	renal	vein	(and	
enters	the	inferior	Vena	Cava.	Observe	the	model	of	the	urinary	system	(both	in	the	manikins	
and	the	free	standing	model).	Then	answer	the	following	questions.	
1. Look	at	the	models	then	describe,	using	anatomical	terms,	the	location	of	the	kidneys	the	

abdominal	cavity.	Try	to	use	as	many	positioning	terms	as	possible.	
	
	

2. Observe	female	pelvis	models:	What	organ	rests	superior	to	the	bladder?		Will	this	affect	
how	much	the	bladder	can	fill?	If	so	how?	

	
3.		Observe	both	the	male	and	female	pelvis	models.	The	urethra	is	the	tube	that	takes	urine	
from	the	bladder	and	out	of	the	body.			What	are	2	differences	between	the	urethra	in	the	
male	and	female?		
	
4.		What	connects	the	kidneys	to	the	urinary	bladder?	How	does	urine	move?	
	
	
Activity	2.	The	Kidney		
The	kidney	is	divided	into	3	distinctive	regions	and	
is	surrounded	by	the	renal	capsule.			The	renal	
cortex	is	the	outermost	region	(not	counting	the	
capsule)	and	it	is	characterized	by	a	salt	
concentration	about	equal	to	blood	plasma	(about	
288	mOsm).	The	renal	medulla	is	made	up	of	7	
medullary	pyramids	and	it	is	characterized	the	salt	
concentration	increasing	as	you	go	towards	the	
center	of	the	kidney.	The	third	and	last	region	is	
the	complex	of	drainage	structures	that	we	will	
discuss	in	the	following	paragraph.		

Blood	enters	the	kidney	through	the	renal	
artery.	It	travels	through	a	series	of	smaller	vessels	
until	it	reaches	a	microscopic	structure	called	a	
nephron.		The	nephron	filters	the	blood	then	
reabsorbs	nutrients	(including	water)	and	secretes	
waste	products.		Reabsorbed	nutrients	are	
returned	to	the	blood	and	eventually	leave	the	
kidney	via	the	renal	vein.	The	remaining	filtrate	
and	secreted	waste	products	are	taken	by	a	
collecting	duct	(see	section	on	the	nephron)	
towards	the	center	of	the	kidney.		Collecting	ducts	drain	into	structures	called	renal	papilla	
which	in	turn	drain	into	the	minor	then	major	calayx.			The	major	calayx	drains	into	the	renal	
pelvis	which	drains	into	the	ureters.		For	the	purpose	of	your	lab	exam,	you	just	need	to	know	
the	term	calayx,	however,	you	must	know	both	minor	and	major	for	your	lecture	exam	
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Observe	the	following	structures	on	the	models	and	the	kidneys	of	the	manikins.	Adrenal	Gland		
Renal	Vein,	Renal	Artery,	Ureter	Renal	Cortex	,	Renal	Medulla/Pyramid	Renal	Papilla	,	Major		
Calyx		Renal	Pelvis,	hilum,	renal	capsule	
	
	
	
Activity	3	The	Nephron	

	 The	nephron	is	a	microscopic	structure	
found	in	the	kidney	and	each	kidney	will	have	
close	around	a	million	nephrons	in	it.			As	the	
functional	unit	of	the	kidney,	nephrons	filter	the	
blood,	reabsorb	water,	electrolytes,	and	
nutrients,	and	secrete	waste	products.		An	
afferent	arteriole	delivers	blood	to	the	nephron	
where	about	a	quarter	of	the	blood	plasma	is	
filtered	by	a	network	of	capillaries	called	a	
glomerulus.	A	capsule,	called	Bowman's	capsule	
surrounds	the	glomerulus	and	captures	the	

plasma,	which	is	now	called	filtrate,	that	is	filtered	by	the	glomerulus.		At	the	other	end	of	the	
glomerulus	you	find	an	efferent	arteriole	instead	of	a	venule.		This	means	the	vessel	can	
constrict	and	dilate	to	control	filtration.	That	fact	is	important	because	plasma	leaves	the	blood	
and	enters	the	glomerulus	because	the	efferent	arteriole	has	a	smaller	diameter	than	the	
afferent	arteriole.			This	causes	an	increase	in		pressure	within	the	glomerulusand	forces	
plasma	through	filtration	pores.		The	efferent	arteriole	becomes	smaller	a	series	of	smaller	
blood	vessels	called	peritubular	capillaries	that	run	parallel	to	the	nephron	so	that	the	
reabsorbed	nutrients	may	reenter	the	blood.		

The	glomerulus	is	connected	to	the	proximal	convoluted	tubule.			The	cuboidal	cells	of	
the	proximal	convoluted	tubule	are	very	
active	for	here	glucose,	amino	acids,	water	
soluble	vitamins,	electrolytes,	and	lactate	
are	reabsorbed.	Typically	this	is	by	
secondary	active	transport	such	as	the	
sodium-glucose	linked	transport.			These	
nutrients	then	pass	through	transport	
channels	and	diffuse	through	pores	in	the	
peritubular	capillaries.	Water	and	most	
electrolytes	will	pass	between	cells	via	para	
cellular	transport.		In	the	proximal	
convoluted	waste	products	are	also	
secreted.		This	is	by	a	number	of	ways	but	
typically	energy	is	involved	at	some	point.	

	The	filtrate	then	travels	down	the	descending	nephron	loop	which	is	also	known	as	the	
thin	loop.	This	part	of	the	loop	is	permeable	to	water.	The	descending	nephron	loop	enters	the	
renal	medulla	and	water	leaves	by	the	loop		by	passive	diffusion	due	to	the	increased		
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osmolarity	of	the	medulla	and	enters	a	parallel	capillary	(not	
shown)	called	the	vasa	recta.			The	filtrate	then	ascends	the	
ascending	nephron	loop.	This	is	also	known	as	the	thick	loop	
because	of	its	thicker	lining.	Water	cannot	leave	because	this	
section	is	impermeable	to	water;	however,	sodium,	
potassium,	and	chloride	ions	are	actively	transported	into	the	
renal	medulla	and	the	vasa	recta.		As	we	will	see	in	a	later	
section,	the	blood	supply	of	the	vasa	recta	runs	opposite	or	
counter	to	that	of	the	nephron	loop.			Therefore,	the	vasa	
recta	first	descends	along	the	ascending	nephron	loop.	Here,	
it	picks	up	sodium,	potassium,	and	chloride	making	it	
hypertonic.	It	then	is	able	to	pick	up	water	as	it	flows	up	the	
descending	loop.	As	we	will	learn	in	a	future	lab,	this	creates	
very	hypertonic	urine.	
The	next	section	is	the	distal	convoluted	tubule	where	fine	
tuning	of	the	filtrate	is	preformed.		Aldosterone	causes	water	
and	sodium	to	be	reabsorbed.	This	causes	your	blood	
pressure	to	increase	without	changing	osmolarity.	Atrial	
natriuretic	peptide		will	do	the	opposite.	It	causes	you	to	
secrete	more	sodium	in	the	distal	convoluted	tubule.	Water	
follows	and	your	blood	pressure	drop.	A	third	hormone,		
parathyroid	hormone,	causes	calcium	to	be	reabsorbed	as	
well.	It	is	here	that	acid	base	balance	of	the	blood	also	occurs	
as	well	as	additional	secretion	of	waste	products.			Many	
nephrons	are	connected	to	1	collecting	duct	that	takes	the	
now	concentrated	filtrate	(urine)	to	the	renal	pelvis.		The	

collecting	duct	goes	through	the	medulla;	therefore,	even	more	
water	is	reclaimed.	Therefore,	it	is	not	surprising	that	another	
hormone,	antidiuretic	hormone,	causes	you	to	retain	water	
here.	
	 In	reality,	the	nephron	is	super	coiled	(As	we	will	see	in	
the	histology	section).	Therefore,		the	distal	convoluted	tubule	
is	in	fact,	right	up	against	the	glomerulus	at	the	vascular	pole	
where	the	afferent	arteriole	enters	and	the	efferent	arteriole	
leaves		Cells	within	the	afferent	arteriole	monitor	the	filtration	
rate	and	blood	pressure.		If	the	blood	pressure	drops	too	low,	
these	cells	release	an	enzyme	called	renin	which	starts	a	series	
of	events	that	raise	blood	pressure.	There	is	also	a	thickening	of	
the	distal	convoluted	tubule	here	called	the	macula	densa.		If	
the	osmolarity	of	the	filtrate	is	higher	than	blood	osmolarity,	it	

slows	filtration.	If	there	is	low	osmolarity,	it	increases	filtration.			Together,	the	macula	densa	
and	the	juxtaglomeular	cells	make	up	the	juxtaglomeular	apparatus	which	controls	filtration	
rate	and	helps	to	regulate	blood	pressure.		
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	Below	is	a	picture	similar	to	the	nephron	in	your	book.	Identify	each	#	in	the	picture		
#	 Name	 	
1	 	

	
2	 	

	
3	 	

	
4	 	

	
5	 	

	
6	 	

	
7	 	

	
8	 	

	
9	 	

	
1
0	

	

1. Why	does	fluid	leave	the	capillaries	and	enters	the	Glomerulus?		
	
	

2. What	is	filtered	in	Glomerulus?		
	
	

3. What	is	not	filtered	by	the	Glomerulus?	Why	are	those	things	not	filtered?	
	

4. Which	parts	of	the	nephron	are	found	in	the	cortex	and	which	part(s)	is/are	found	in	the	
medulla?	

	
	
5. Describe,	in	your	own	words,	why	water	leaves	the	descending	nephron	loop?	

	
6. What	3	hormones	affect	the	distal	convoluted	tubule?	What	is	the	function	of	each	

hormone?	
	

	
7. What	hormone	affects	the	collecting	duct?	What	does	it	do?	
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Activity	4	histology	
If	you	were	to	look	at	a	kidney	histological	
slide	under	low	power,	it	would	be	
overwhelming.	That	is	because	the	nephrons	
are	packed	closely	together.		However,		if	
you	look	closely,		you	will	notice	that	there	
will	be	a	section	where	the	tubes	more	or	
less	run	parallel	to	each	other.		This	would	be	
the	medulla	where	we	have	collecting	ducts	
(cuboidal	cells),	ascending	loops	(also	
cuboidal),	descending	loops	(squamosal	
cells),	and	blood	vessels	(typically	
squamosal).		The	arrangement	of	the	tubes	

in	the	cortex	will	appear	to	be	more	random.	That	
is	because	the	convoluted	tubules	twist	and	turn	
and	wrap	around	the	glomerulus.		Even	though	
both	the	PCT	and	DCT	are	made	up	of	cubodial	
cells,	the	two	tubes	are	easy	to	tell	apart.		The	
proximal	convoluted	tubules	tend	to	have	a	large	
diameters	and	have	microvilli.		Therefore,	the	
tubule	will	always	look	blurry	inside.			The	DCT	
tends	to	have	a	smaller	diameter	and	lacks	
micovilli.			Try	to	find	a	glomerulus	whose	DCT	
have	columnar	cells.	Those	cells	makeup	the	
macula	densa.	They	are	typically	close	to	the	

afferent	arteriole	with	the	columnar	
Draw	a	glomerulus	and	label	the	parts	in	the	picture	to	the	right	
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Activity	5.	Mammalian	Kidney	dissection.	
	 Obtain	a	kidney	that	has	been	sliced	open	with	a	frontal	section.		Draw	the	kidney	and	
identify	the	following	parts:	Renal	Cortex,	Renal	Medulla,	Renal	Pyramid,	Minor	Calyx,	Major	
Calyx,	Renal	Pelvis,	Renal	Artery,	Renal	Vein,	Ureter.	
	
	
	
	
	
	
	
	
	
	
	
	
	

Part	2	renal	blood	flow	
Blood	enters	the	kidney	
from	the	abdominal	aorta	
via	the	renal	artery.	The	
renal	artery	enters	at	the	
hilum	and	quickly	splits	into	
5	branches	which	are	called	
segmental	arteries.	The	
segmental	arteries	travel	
around	the	renal	pelvis	and	
towards	the	medulla.			The	
segmental	arteries	split	into	
14	interlobar	arteries	which	
travel	between	the	renal	
pyramids	to	the	cortico-
medullary	junction.		Here	
the	interlobar	arteries	split	
into	arteries	that	follow	the	
arc	of	the	renal	pyramids	
and	are	therefore	called	
arcuate	arteries.		Even	
smaller	arteries,	called	
interlobular	arteries		split	
off	of	the	arcuate	arteries.	

Also,	according	to	1	source,	a	tributary	to	the	vasa	recta	also	splits	off	here.		The	interlobular	
arteries	feed	arterioles		that	lead	into	the	nephron.		
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	These	arterioles	are	called	afferent	
arterioles		because	they	are	leading	to	the	
nephron.	A		second	set	of	arterioles	is	
leading	away	from	the	nephron,	and	these	
are	called		efferent	arterioles.	The	efferent	
arterioles	feeds	a	2	sets	of	capillaries;	1	set	
is	called	the	peritubular	capillaries	and	
these	follow	the	filtrate	through	the	kidney	
tubules.	A	second	set,	the	vasa	recta,	splits	
off	and	travels	DOWN	the	ascending	
nephron	loop	and	then	back	up	the	
descending	nephron	loop.	Therefore,	this	
blood	is	traveling	the	opposite	or	counter	to	
the	current	of	the	filtrate.			Both	return	
blood	to	the	interlobular	vein.	
	 Blood	returns	to	the	inferior	vena	
cava	through	the	opposite	course.		The	
interlobular	veins	are	dispersed	through	the	cortex	having	received	blood	from	the	vasa	recta	
and	the	peritubular	capillaries.			The	interlobular	vein	feeds	arcuate	veins	which	feed	into	14	
interlobar	veins.	These	merge	to	form	segmental	veins	which	in	turn	merge	to	become	the	
renal	vein.		

Activity	6	Urinary	Bladder		
	 Urine	travels	from	the	kidney	
to	the	urinary	bladder	via	the	ureter.	
The	ureter	is	lined	with	transitional	
epithelial	that	is	surrounded	by	a	later	
of	smooth	muscle	(the	muscularis)	
which	aids	in	the	propulsion	of	urine	to	
the	urinary	bladder	by	peristaltic	
contractions.		 The	ureters	open	into	
the	urinary	bladder	superior	and	
lateral	to	the	opening	of	the	urethra,	
which	is	controlled	by	2	sphincter	
muscles.	The	three	structures	make	a	
triangular	structure	called	a	trigone.	
	 The	urinary	bladder	is	a	
muscular	sack	that	is	lined	by	
transitional	epithelial	tissue.		This	

allows	the	urinary	bladder	to	expand	as	it	fills	up	with	urine.	Under	the	transitional	epithelial		
are	sensory	neurons	and	a	layer	of	smooth	muscle	which	forms	the	muscularis.		The	neurons	
detect	stretching	of	the	urinary	bladder	and	when	a	certain	threshold	of	stretching	has	been	
reached,	signal	for	the	internal	urinary	sphincter	to	open	and	the	muscles	of	the	bladder	to	
contract.	This	puts	pressure	on	the	external	urinary	sphincter	which	signals	you	that	you	need	
to	go	the	bathroom.		Please	observe	the	urinary	bladder	models	in	the	room.
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followup	Identify	the	structures	on	the	picture	to	the	left.	

	
1.______________	 																			6.	______________	
	
2.	______________		 															7.	________________	
	
3.	______________																			8.	________________	
	
4.	______________																			9.	________________	
	
5.	______________																		10.	________________	
	
Label	the	Muscle	A-D.	All	4	muscles	are	related	to	
breathing.	
A. _______________														C.	Internal	Oblique	
	
B. _______________														D.	Transverse	

Abdominis		
	
	
	

	
	
Identify	the	structures	on	both	pictures			

1. Renal	Capsule		 9.	________________	
	

2. ________________	 10.	________________	
	

3. ________________	 11.	___________artery	
	

4. Renal	Papilla		 	 12.	___________artery	
	

5. ___________	 	 13.	___________artery	
	

6. 	________________	 14.	___________vein	
	

7. 	________________				15.	___________vein	
	

8. 	________________				16.	___________vein	
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1.___________Vein	 8.	________________	
	
2.	__________Artery		9.	____________vein	
	
3.	______________		 10.	__________artery	
	
4.	________________	11.	_______________	
	
5.  ______________   12________________ 
 
6.  ______________   13. _______________ 
 
7.  _____________    14. ____________ 
 
 
 

  
1._________________________ 
 
 
2. ________________________ 
 
 
3. ________________________ 
 
 
4. ________________________ 
 
 
5. ________________________ 
 
 
6. ________________________ 
 
 
7. ________________________
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Lab	41	Urinary	Physiology 
Background	

The	nephron	is	a	microscopic	structure	found	in	the	
kidney	and	each	kidney	will	have	close	around	a	million	
nephrons	in	it.			As	the	functional	unit	of	the	kidney,	
nephrons	filter	the	blood,	reabsorb	water,	electrolytes,	
and	nutrients,	and	secrete	waste	products.		The	afferent	
arteriole	delivers	blood	to	the	nephron	where	about	a	
quarter	of	the	blood	plasma	is	filtered	by	the	glomerulus.		
First,	some	of	the	plasma	will	leave	due	to	blood	
pressure	alone.	The	capillaries	of	the	glomerulus	have	
many	tiny	filtration	pores	and	this	allows	fluid	to	leave	on	

its	own.	However,	plasma	also	leaves	the	blood	and	enters	the	glomerulus	because	the	smaller	
diameter	of	the	efferent	arteriole	causes	an	increase	in	arteriole	pressure	and	forces	plasma	
through	filtration	pores.		If	you	remember	Boyles	law	(P1V1=P2V2)	if	you	decrease	the	size	of	a	
tube,	you	will	increase	the	pressure.		As	a	result,	the	increased	pressure	forces	plasma	through	
the	filtration	pores.	
	Blood	plasma	is	filtered,	but	while	red	and	white	blood	cells	are	not	because	they	are	too	large.	
Proteins	also	want	to	leave	through	the	filtration	pores;	however,	cells	called	podocytes	cover	
the	holes.	The	“legs”	of	the	podocytes	are	negatively	charged	and	they	repel	the	proteins	and	
some	amino	acids.		

The	glomerulus	is	connected	to	the	proximal	convoluted	tubule.			It	is	here	that	the	
majority	of	nutrients	and	electrolytes	are	reabsorbed	and	waste	products	are	secreted.		In	
lecture	you	will	learn	what	is	absorbed	and	not	absorbed.	The	efferent	arteriole	becomes	
smaller	a	series	of	smaller	blood	vessels	that	run	parallel	to	the	so	that	the	reabsorbed	
nutrients	may	reenter	the	blood.	The	
filtrate	then	travels	down	the	
descending	nephron	loop	which	is	also	
known	as	the	thin	loop.	This	part	of	the	
loop	is	permeable	to	water.	The	
descending	nephron	loop	enters	the	
renal	medulla	and	water	leaves	by	the	
loop	by	passive	diffusion	due	to	the	
increased	salinity	of	the	medulla	and	
enters	a	capillary	called	the	vasa	recta	
that	runs	parallel	to	the	descending	
nephron	loop.	The	filtrate	then	ascends	
the	ascending	nephron	loop.	This	is	also	
known	as	the	thick	loop	because	of	its	
thicker	lining	andw	ater	cannot	leave	
because	this	section	is	impermeable	to	
water.	However,	sodium,	potassium,	and	chloride	ions	are	actively	transported	into	the	renal	
medulla.		This	causes	the	medulla	to	become	even	more	concentrated	and	as	a	result	more	
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water	is	conserved.	(This	is	an	example	of	positive	feedback).	The	vasa	recta	runs	counter	the	
nephron	loop.	The	blood	descends	next	do	the	ascending	loop	and	ascends	near	the	
descending	loop.			Therefore,	the	blood	is	picking	up	salt	as	it	descends.	As	a	result,	water	is	
passively	drawn	into	it	as	the	vasa	recta	ascends.			This	setup	is	called	a	counter	exchanger	
multiplier.		

In	the	distal	convoluted	tubules	fine	tuning	of	the	filtrate	is	preformed.	Hormones	
cause	sodium	to	be	retained	or	lost.	Furthermore,	acid		more	acid	base	balance	will	occur	here	
as	well	as	secretion	of	waste	products.		All	nephrons	drain	into	structures	known	as	collecting	
ducts.	Hormones	cause	water	to	be	retained	or	lost	as	the	filtrate,	now	urine,	passes	through	
the	medulla	to	the	renal	pelvis	and	out	the	kidney.	

	
	Match	the	structure	with	its	function	
1. 	 Afferent	arteriole	 A. A.	Has	sodium-potassium-chloride	triporters	that	help	

maintain	the	hyperosmotic	nature	of	the	medulla.	
2. 	 Ascending	nephron	loop.	 B.	Hormones	fine	tune	filtrate	
3. 	 Collecting	duct.	 C.	Larger	diameter,	takes	blood	into	the	Glomerulus		
4. 	 Descending	nephron	

loop.	
D.	Majority	of	secretion	of	waste	and	reabsorption	of	
nutrients	occurs	here.	

5. 	 Distal	convoluted	tubule	 E.	Majority	of	water	is	reabsorbed	here.	
6. 	 Efferent	arteriole	 F.	Smaller	diameter,	takes	blood	out	of	the	Glomerulus	
7. 	 Glomerulus	 G.	Structure	that	is	the	site	of	filtration.	
8. 	 Proximal	convoluted	

tubule	
H.	Takes	remaining	filtrate	to	renal	calyx.	ADH	causes	more	
water	to	be	reabsorbed	

Part	1	Urinalysis	
	 Urinalysis	is	preformed	to	observe	for	several	subclinical	
problems	including	diabetes,	alkalosis,	urinary	tract	infection,	and	
kidney	damage.		To	perform	the	test,	you	dip	a	“dip	stick”	into	a	
urine	sample	(we	will	use	artificial	urine).		You	then	line	up	the	stick	
with	the	colors	on	the	container	and	read	each	line	going	across.	You	
will	observe	several	things.		
Lukocytes:	White	blood	cells.	Should	be	negative.	+=UTI	
Nitrates:	Should	be	negative.	+=UTI.	Acidosis	gives	false	positive.	
Urobilinogen:	Checks	for	liver	disease		
Protein=should	be	negative.	+=UTI	or	kidney	damage.	Could	also	be	
high	BP	or	a	diet	that	has	a	lot	of	protein.	
	PH:	Normal	=	4.5-8.		Low	could	be	acidosis,	high	metabolic	rate	or	
ketone	bodies.	Low	could	be	Alkalosis.		
Blood	(Erythrocytes).	Should	be	negative.	+=Kidney	damage	or	UTI	
Specific	Gravity:		Indirect	measurement	of	dissolved	particles.	A	
higher	specific	gravity	means	more	dissolved	particles.			
Ketone	Bodies:	Made	when	cells	are	not	using	glucose	or	have	no	
glucose.	+	alone	=	Fasting.	+	w/glucose	=	diabetes.	
Bilirubin:	Generated	by	recycling	hemoglobin.	Measures	RBC	
turnover.	
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Glucose:	Measures	blood	glucose	levels.	Glucose	+	Ketones	=	diabetes.		Will	be	between	120	and	200	
after	a	meal	that	has	glucose	for	about	1	hour.	
Color:	Normal	Urine	should	be	pale	yellow.	Darker=concentrated=dehydrateion.	Lighter	=	high	urine	
output.	Could	be	from	drinking	a	lot	of	water	or	diabities.	
Clarity:	Urine	should	be	clear.	Cloudy	urine	means	that	there	are	large	molecules	that	are		dissolved.		
Can	be	protein	or	UTI.				
Smell:	Urine	should	not	have	a	strong	smell.	If	it	smells	like	acetone	that	is	a	sign	of	ketone	bodies	in	the	
urine.		
You	will	be	performing	the	urinalysis	of	5	patients.	To	help	you,	bibliographies	have	been	taken	for	each	patient.	
Patient	A:	Jill,	who	is	a	Pacific	Islander,	is	a	20	year	old	student	at	Laney	College	and	she	works	as	a	nanny.		Jill	
came	into	the	doctor’s	office	for	her	routine	physical	examination.	Besides	lack	of	sleep	and	a	poor	diet,	both	
results	of	taking	15	units	and	working)	Jill	has	no	outstanding	problems	or	concerns.	
Patient	B:	Barthelme	is	14	teen	age	boy	who	will	be	going	into	the	9th	grade	next	year.	To	be	able	to	play	
football,	he	plans	on	being	the	star	running	back,	he	must	pass	a	physical.		When	consulted	about	his	diet,	his	
answer	was	typical	for	a	teen	age	boy:	Lots	of	pizza,	hot	dogs,	McDonalds,	and	candy	but	little	of	anything	else.		
When	asked	if	he	is	drinking	enough	water,	his	response	was	he	prefers	to	drink	soda.		
Patient	C:	Jack	is	a	55	year	old	African	American	male.		His	BMI	is	38	(severely	obese)	and	as	a	result	he	has	high	
blood	pressure	(150/120).		He	has	been	experiencing	numbness	in	his	feet	and	toes	and	is	worried	about	that.	
He	also	comments	that	he	doesn’t	get	a	lot	sleep	at	night	because	he	wakes	up	every	hour	to	go	to	the	
bathroom.	He	accounts	this	because	he	is	always	thirsty	and	therefore,	always	drinking	Pepsi	Cola.		
Patient	D:	Jezebel	is	a	35	year	old	Caucasian	who	is	35	weeks	pregnant.	Unfortunately,	she	never	had	time	to	
take	the	Gestational	diabetes	test	nor	has	she	been	seeing	a	doctor	during	her	pregnancy.			She	decided	to	come	
to	the	doctor	when	she	noticed	that	her	urine	was	slightly	cloudy	3	days	in	a	row.		
Patient	E:	Robert	is	a	35	year	old	male.	He	is	an	avid	runner	and	has	been	since	he	has	been	12.			On	weekends,	
he	trains	in	wild	cat	canyon	for	the	half	marathon	he	will	run	next	month.	During	the	weekdays,	he	runs	around	
Lake	Merritt	twice	a	day	doing	3	laps	each	time.	Because	following	the	sidewalk	instead	of	the	running	track	is	
slightly	longer,	he	often	goes	along	the	sidewalk.		
	 A	 B	 C	 D	 E	
Lukocytes:		 	 	 	 	 	
Nitrates:	 	 	 	 	 	
Urobilinogen:		 	 	 	 	 	
Protein	 	 	 	 	 	
	PH:		 	 	 	 	 	
Blood		(Erythrocytes)	 	 	 	 	 	
Specific	Gravity		 	 	 	 	 	
Ketone	Bodies:		 	 	 Large	(8)	 Large	(8)	 	
Bilirubin:		 	 	 	 	 	
Glucose:		 	 	 	 	 	
Color:		 	 	 	 	 	
Clarity:		 	 	 	 	 	
Smell:		 	 	 	 	 	
Your	diagnosis	 	 	 	 	 	
Why	
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Part	2	Factors	that	affect	filtration	
If	you	recall	from	the	introduction,	the	glomerulus	filters	blood	
plasma	into	the	nephron.			The	reason	why	blood	is	filtered	is	
that	the	afferent	arteriole	has	a	greater	diameter	than	the	
efferent	arteriole.		This	increases	resistance	and	as	a	result	
pressure	in	the	glomerulus	As	a	result,	blood	plasma	“escapes”	
through	holes	in	the	capillaries	and	into	the	glomerular	capsule.		
			 By	changing	the	size	of	either	the	afferent	or	efferent	
arteriole,	you	can	change	the	filtration	rate.		Normally,	these	
vessels	will	auto-regulate	to	keep	the	filtration	rate	constant	
over	changing	blood	pressures.		Therefore,	if	blood	pressure	
increases,	which	would	increase	filtration,	the	afferent	arteriole	
will	constrict	or	the	efferent	arteriole	will	dilate	to	keep	
filtration	constant.	Likewise,	if	blood	pressure	drops,	the	
afferent	arteriole	will	dilate	to	increase	fluid	coming	into	the	

nephron	to	and	increase	the	filtration	rate.		
	Filtration	is	also	under	hormonal	control.	Atrial	natriuretic	peptide,	released	when	blood	
pressure	is	high,	will	increase	filtration	rate	to	try	to	“get	rid	of”	excess	fluid	volume	while	
Angiotensin	II	will	decrease	filtration	to	try	to	conserve	water.			
The	purpose	of	this	lab	is	to	see	the	effects	on	filtration	and	on	urine	output	when	we	change	
the	size	of	either	the	afferent	or	efferent	arteriole.	

Glomerular	filtration		
1.	Open	Physio	Ex.	Click	on	#	9	Renal	System	Physiology	
2.	Click	on	simulating	glomerular	filtration.		
3.	Set:	Afferent	Radius=.50,	Efferent	radius=.45,	mean	pressure=.90	
4.		Take	a	control	reading	by	clicking	start.	Record	your	data	in	the	table	below.	
5.	Reset	by	clicking	refill	
You	will	be	looking	at	what	affects	changing	the	size	of	the	afferent	arteriole	and	the		efferent	
arteriole	has	on	filtration	rate,	glomerular	pressure,	and	urine	output.		
Afferent		
Diameter		

Efferent		
Diameter	

Blood	
Pressure	

Glom	
Pressure		

Glom.	
Filtration	rt.	

Urine	
Volume	

50	µm	 45	µm	 90	mmHg	 	 	 	
Part	1:	Effects	of	changing	the	afferent	arteriole’s	diameter	
40	µm	 45	µm	 90	mmHg	 	 	 	
50	µm	 45	µm	 90	mmHg	 	 	 	
55	µm	 45	µm	 90	mmHg	 	 	 	
60	µm	 45	µm	 90	mmHg	 	 	 	
Part	2:	Effects	of	changing	the	efferent	arteriole’s	diameter	
50	µm	 30	µm	 90	mmHg	 	 	 	
50	µm	 35	µm	 90	mmHg	 	 	 	
50	µm	 40	µm	 90	mmHg	 	 	 	
50	µm	 45	µm	 90	mmHg	 	 	 	
50	µm	 50	µm	 90	mmHg	 	 	 	
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Graph	1		
You	will	create	2	line	graphs	on	the	
same	axis.	Graph	the	pressure	in	the	
Glomerulus	(Y	axis)	vs	filtration	rate	
(X	axis)	
In	red	graph	the	values	you	got	for	
urine	output	vs	glomerular	filtration	
for	the	control	line	and	the	4	lines	
under	part	1	:	Effects	of	changing	the	
afferent	arteriole’s	diameter	
In	purple	blue	the	values	you	got	for	
urine	output	vs	glomerular	filtration	
for	the	control	line	and	the	5	lines	
under	part	2	Effects	of	changing	the	
efferent	arteriole’s	diameter	
	
	
	
	
	

	
Graph	2	You	will	create	2	line	graphs	
on	the	same	axis.	Graph	the	pressure	
in	the	Urine	Output	(Y	axis)	vs	
filtration	rate	(X	axis)	
In	red	graph	the	values	you	got	for	
glomerular	pressure	vs	glomerular	
filtration	for	the	control	line	and	the	
4	lines	under	part	1	:	Effects	of	
changing	the	afferent	arteriole’s	
diameter	
In	blue	graph	the	values	you	got	for	
glomerular	pressure	vs	glomerular	
filtration	for	the	control	line	and	the	
5	lines	under	part	2	Effects	of	
changing	the	efferent	arteriole’s	
diameter	
	
	
	
	

	
1. Why	does	fluid	leave	the	capillaries	in	the	glomerulus		
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2. What	effect	did	increasing	the	afferent	arteriole’s	diameter	have	on	filtration	rate	and	

urine	volume?		
	

3. What	effect	did	decreasing	the	afferent	efferent	diameter	have	on	filtration	rate	and	
urine	volume?		

	
4. Did	changing	the	size	of	the	afferent	arteriole	or	efferent	arteriole	create	more	urine?	

Why	do	you	think	that	is	the	case?	
	

5. Say	the	mean	atrial	pressure	were	to	drop	to	60	mmHG.	What	changes	to	afferent	and	
efferent	arteriole	diameter	would	have	to	be	made	in	order	to	reset	control	values?			

	
Part	3	Hormonal	control	of	water	retention.	

		Aldosterone	causes	water	
and	sodium	to	be	reabsorbed	and	
parathyroid	hormone	causes	
calcium	to	be	reabsorbed	as	well.			
It	is	here	that	acid	base	balance	of	
the	blood	also	occurs	as	well	as	
additional	secretion	of	waste	
products.			Many	nephrons	are	
connected	to	1	collecting	duct	that	
takes	the	now	concentrated	filtrate	
(urine)	to	the	renal	pelvis.	
Antidurietic	Hormone(ADH)	affects	
the	collecting	duct	by	opening	
waterchannels	(aquaporins)	in	the	
collecting	duct.	Since	the	collecting	

duct	goes	through	the	medulla,	more	water	is	drawn	out	and	into	a	capillary	that	becomes	part	
of	the	vasa	recta.		The	last	hormone	that	affects	the	nephron	is	atrial	natriuretic	peptide	
(ANP).	The	job	of	ANP	is	to	lower	blood	pressure	and	it	does	this	by	increasing	fluid	and	sodium	
loss.		As	a	result,	ANP	affects	multiple	parts	of	the	nephron.		It	dilates	the	afferent	arteriole	
increasing	the	filtration	which	increases	fluid	loss.	This	causes	an	increase	of	blood	moving	
through	the	vasa	recta	which	lowers	the	medullas	osmolarity	so	less	water	is	reabsorbed.	It	
inhibits	both	aldosterone	secretion	in	the	adrenal	glands	and	sodium	reabsorption	in	the	distal	
convoluted	tubule.		Lastly,	it	prevents	sodium	reabsorption	in	the	collecting	duct.	This	causes	
sodium	to	be	lost	(and	water	to	follow.)	Lastly	is	angiotensin	II	(ANGII).		Angiotensin	II	is	the	end	
product	of	the	renin-angiotensin	system.	It	is	a	potent	vasoconstrictor	and	constricts	both	the	
renal	arteries	and	the	afferent	arteriole.	This	lowers	flow	through	the	kidney	and	prevents	fluid	
loss.	It	furthermore	increases	sodium	absorption	in	the	proximal	convoluted	tubules.	This	
increases	water	retention	and	raises	BP.
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	Match	the	hormone	with	its	function	

1. 	 Aldosterone	 A. Causes	more	calcium	to	be	reabsorbed	in	DCT.		
2. 	 Angiotensin	II	 B. Increases	water	reabsorption	in	the	collecting	

duct	
3. 	 Antidiuretic	hormone	 C. VasoconstrictoràDecreases	GFR.	Increase	sodium	

retention	in	PCT	
4. 	 Atrial	natriuretic	

peptide	
D. Increases	sodium	absorption	in	DCT.	Causes	more	

water	to	be	reabsorbed			
5. 	 Parathyroid	hormone	 E. Vasodilator	à	Increases	GFR.	Decreases	sodium	

retention	in	DCT	and	collecting	duct.	
In	this	activity	we	will	be	examining	the	effects	of	ADH	and	aldosterone	on	the	kidney.	We	will	

observe	the	effects	they	
have	alone	while	
increasing	the	
concentration	gradient	of	
the	medulla.	Go	to	
experiment	2,	simulating	
urine	formation		
1. For	each	instance	set	

the	concentration	
gradient	as	directed	in	
the	table.	(default	is	
300)	

2. Record	the	urine	
volume	and	urine	
concentration.	The	

easy	way	is	to	hit	record	data	and	copy	it	off	of	the	table.	The	hard	way	is	to	move	the	
probe,	when	it	turns	red,	over	the	urine	in	the	beaker.		

3. For	the	hormone,	you	need	to	drag	and	drop	dropper	to	port	for	hormones.	
Hormone	 Concentration	

gradient	
Urine	
volume	

Urine	
concentration	

Hormone	 Concentration	
gradient	

Urine	
volume	

Urine	
concentration	

None	 900	 	 	 ADH	 900	 	 	
Ald.	 900	 	 	 ADH 1200	 	 	
Ald. 1200	 	 	 ADH 1500	 	 	
Ald. 1500	 	 	 ADH 1800	 	 	
Ald. 1800	 	 	 ADH 2300	 	 	
1. Did	increasing	the	of	the	medulla	concentration	gradient	have	any	influence	on	the	

effect	of	Aldosterone?	Why	is	that	the	case?	
	

2. Did	increasing	the	of	the	medulla	concentration	gradient	have	any	influence	on	the	
effect	of	ADH?	Why	is	that	the	case?	
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Graph	1	Make	a	line	graph	as	follows	
Urine	concentration	on	the	y	axis	
Medulla	concentration	on	the	X	axis	
Aldosterone	values	in	red	
ADH	values	in	blue	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Graph	1	Make	a	line	graph	as	follows	
Urine	volume	on	the	y	axis	
Medulla	concentration	on	the	X	axis	
Aldosterone	values	in	red	
ADH	values	in	blue	
	
	
	
	
	
	



 

140 Photos by John Polos. Free to reproduce for educational purposes. 
 

Bio 20b Anatomy and Physiology II Lab Book  Name__________________________ 

Part	3	Renal	system	compensation	for	acid/base	balance.	
	 Blood	typically	has	a	pH	of	7.35-7.45.	However,	it	can	become	more	acidic	(acidosis)	or	
more	basic	(alkalosis)	depending	on	metabolic	processes	or	due	to	problems	with	the	
respiratory	system.		One	of	the	main	functions	of	the	urinary	system	is	to	control	our	body’s	pH.		

The	urinary	system	has	the	ability	to	make	the	
blood,	and	therefore	the	body,	either	more	basic	
or	more	acidic.				This	process	begins	in	the	
proximal	convoluted	tubule.	Carbon	dioxide	
enters	the	cells	lining	the	proximal	convoluted	
tubule	and	is	converted	to	HCO3

-	and	H+	ions.				
Under	normal	conditions	of	the	body,	the	body	
transports	the	hydrogen	ions	back	into	the	

proximal	tubule	via	secondary	active	transport.			The	more	acidic	the	body	is,	the	more	
hydrogen	ions	are	secreted	into	the	filtrate.	Under	normal	and	acidic	conditions,	the	
bicarbonate	ions	will	leave	the	cells	of	the	proximal	convoluted	tubule	via	facilitated	diffusion	
and	enters	the	blood.					However,	if	body	is	too	basic	(alkalosis),	the	body	actively	secretes	
bicarbonate	back	into	the	filtrate	with	a	bicarbonate-chloride	anti-porter.		
	 This	regulation	continues	in	the	distal	
convoluted	tubule.			Hydrogen	ATPase	pumps	and	
hydrogen-potassium	ATPase	pumps	can	pump	
hydrogen	ions	into	the	filtrate.	Again,	the	hydrogen	
ions	enter	in	the	form	of	carbon	dioxide	into	PCT	
cells.		Since	both	of	these	are	using	primary	active	
transport,	they	are	able	to	pump	hydrogen	ions	
against	the	concentration	gradient	in	the	filtrate.	
Therefore,		urine	can	be	over	800	times	more	acidic	than	blood.		In	rare	cases	of	alkalosis,		more	
Cl	-/HCO3	–	antiporters	move	bicarbonate	ions	into	the	blood.						
1.	Open	Physio	Ex.	Click	on	#	10	Acid/Base	Balance.		
2.	The	control	settings	should	be	as	follows:	pCO2=	40,		
3.	Take	a	control	reading	by	clicking	start.	Record	your	data	in	the	table	below.	
4.	You	will	now	cause	blood	pH	to	become	more	acidic	(by	adding	CO2)	and	more	Basic	(by	
removing	CO2).	The	purpose	is	to	see	how	this	affects	H+	and	HCO3-	ions	in	our	blood.	TO	do	
this		

1. Hit	refill	
2. Lower	the	p[CO2]	to	20	by	clicking	the	minus.	
3. Click	start.	
4. Repeat	for	30,	40,45,50,60,	and	90	

p[CO2]	 pH	of	Blood	 H+	in	urine	 HCO3-	in	urine	
30	 	 	 	
40	 	 	 	
50	 	 	 	
60	 	 	 	
90	 	 	 	
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Graph:	Make	2	graphs.	Graph	1=	graph	Blood	pH	(X	axis)	and	amount	of	H+	ions	secreted	(Y	
axis).	Then	graph	in	a	second	color,	graph	Blood	pH	(X	Axis)	and	amount	of	HCO3

-	secreted	
Elevated	
	
	
	
Normal	
	
	
	
	
Decreased	
	
	

	
	
Post	activity	questions	

1. What	does	increasing	the	amount	of	CO2	do	to	the	blood’s	pH?		Decreasing	CO2?	
	
	
2. What	is	the	reason	for	this?	Include	the	appropriate	formula	in	your	answer.	

	
	

3. What	did	lowering	the	blood’s	pH	(becoming	more	acidic)	do	to	the	amount	of	H+	and	
HCO3-	ions		in	the	urine?		
		

	
4. What	did	raising	the	blood’s	pH	(becoming	more	basic)	do	the	amount	of	H+		and	HCO3-	

ions		in	the	urine?		
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Lab	42:	the	Male	Reproductive	System	
Part	1	Male	Reproductive	Anatomy	

		Spermatogenisis(sperm	cell	formation)	occurs	in	the	
seminiferous	tubules		within	the	testicles.	Completed	sperm	
cells	then	enter	the	epididymis	,	also	with	in	the	testicles,	
where	they	mature.		When	the	male	reaches	a	certain	level	
of	stimulation,	the	epididymis	releases	sperm	into	the	vas	
deferens	where	the	sperm	are	moved	via	peristaltic	
contractions.	The	vas	deferens	passes	through	the	inguinal	
canal,	travels	along	the	superior	lateral	surface	of	the	
bladder	before	entering	the	ejaculatory	duct.		Here	the	
sperm	mixes	with	fluid	from	the	Seminal	vesicles	and	the	
prostate	gland	to	produce	semen	and	the	Seminal	vesicles	
produce	60	to	70	percent	of	the	content	of	semen.		The	fluid	
produced	by	the	seminal	vesicles	is	alkaline	(basic)	which	
helps	sperm	to	survive	in	the	acidic	female	vagina	and	also	includes	fructose	for	energy,	
prostaglandins	to	stimulate	cervical	contractions	to	assist	the	sperm	in	entering	the	uterus,	and	
other	factors	which	activate	the	sperm.	It	is	interesting	to	note	that	the	ejaculate	containing	
fluid	from	the	seminal	vesicles	occurs	towards	the	end	of	ejaculation	and	contains	few	sperm	
cells.	This	has	led	some	to	hypothesize	that	the	fluid	may	also	have	once	formed	a	plug	in	the	
cervix	preventing	sperm	from	another	male	from	the	uterus.			The	prostate	gland	makes	up	
around	30	percent	of	the	fluid	in	semen	and	it	too	is	alkaline.		In	addition	to	neutralizing	the	
acidic	nature	of	the	vagina,	the	fluid	produced	by	the	prostate	gland	also	contains	activating	
factors	for	the	sperm.	The	majority	of	the	sperm	are	ejaculated	with	the	fluid	from	the	prostate	

gland.	Semen	enters	the	urethra	where	
peristaltic	contractions	propel	it	out	of	the	
penis.		Prior	to	ejaculation,	the	bulbourethral	
gland,	which	is	a	pea	size	gland	under	the	
prostate,	releases	a	small	amount	of	alkaline	
fluid.	This	serves	to	clear	the	urethra.		

The	urethra	travels	through	the	center	
of	the	penis	and	is	surrounded	by	3	chambers	of	
erectile	tissue	that	are	responsible	for	erection.	
The	2	corpus	cavernosum	are	superior	to	the	
urethra	while	the	corpus	sponginosum	is	
inferior.	
	 The	glans	is	
commonly	referred	to	as	the	head	of	the	penis	
and	is	homologous	to	the	clitoris.	At	birth	the	
glans	is	covered	by	a	foreskin,	which	is	
technically	called	the	prepuce.				Find	the	
structures	on	the	models	
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	 	Match	the	structure	with	what	it	does	
1.___	 bulbourethral	gland	 	 A. Connects	testis	with	urethra		
2.___	 Corpus	cavernosum	 B.	Erectile	tissue	superior	to	urethra.	
3.___	 corpus	sponginosum	 C.	Erectile	tissue	found	inferior	to	urethra	
4.___	 Ejaculatory	duct	 D.	Connects	Vas	deferens	to	urethra.	
5.___	 epididymis	 E.	Produces	clear	fluid	that	cleans	urethra	before	ejaculation	
6.___	 prostate	gland	 F.	Site	of	sperm	maturation	
7.___	 Semen	 G.Mixture	of	sperm	and	activating	factors	
8.___	 seminiferous	tubules			 H.	Site	of	sperm	production	
9.___	 seminal	vesicles	 I.	Produces	activating	factors,	bicarbonate,	and	is	25	%	of	semen	
10.__	 vas	deferens	 J.	Produces	fructose,	prostaglandins,	bicarbonate;	majority	of	semen	

Label	the	structures	on	the	picture	below	find	
them	on	the	male	pelvis.			
Bulbourethral	gland	 		 Corpus	cavernosum		
corpus	sponginosum	 	 Ejaculatory	duct						
Epididymis	 	 	 Glans	penis									
Prepuce	 	 	 Prostate	gland	 					
Seminiferous	tubules		 Seminal	vesicles	
Urethra	 	 	 Urinary	bladder	 	
Vas	deferens	 	 	
	
1. 		_______________	 8.	_______________	
	
2. 	_______________	 9.	_______________	
	
3. 	_______________	 10.	_______________	

	
4. 	_______________	 11.	_______________	
	
5. 	_______________	 12.	_______________	
	
6. 	_______________	 13.	_______________	
	
7. _______________	
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Part	2	Sperm	and	sperm	production	
	Spermatogenesis	(sperm	cell	formation)	occurs	in	the	seminiferous	
tubules	of	the	testicles.		Follicle	Stimulating	Hormone	(FSH)	causes	
stem	cells	called	spermatogonia	to	undergo	mitosis.			You	will	recall	
from	20a	that	in	mitosis	a	cell	divides	into	two	identical	cells.	
Therefore	this	mitotic	division	creates	2	identical	cells	with	46	
chromosomes.		One	of	the	two	daughter	cells	remains	a	
spermatogonia,	the	other	becomes	a	primary	spermatocyte	and	
begins	the	process	of	meiosis.		Meiosis	differs	from	mitosis	in	that	
instead	of	dividing	one	time	into	2	identical	cells	the	cell	divides	twice	
forming	4	cells	each	with	only	23	chromosomes.		Therefore,	the	
spermatocyte	divides	into	4	spermatids	each	with	only	23	
chromosomes.		
The	spermatids	still	retain	all	of	their	organelles.	Before	leaving	the	
seminiferous	tubules	for	the epididymitis,	the	spermatids	will	grow	a	
tail	(flagella).	Furthermore,	their	chromosomes	will	condense	and	the	
cytoplasm	will	recede	until	all	that	is	left	is	a	large	vacuole,	called	an	
acrosome,	which	contains	digestive	enzymes	to	help	the	sperm	enter	
the	egg	and	a	thickened	portion	on	the	tail	which	houses	the	
mitochondria.	All	other	organelles	are	lost	during	this	process.	

In	addition	to	making	FSH	the	pituitary	makes	a	
hormone	called luteinizing	hormone	(LH).			LH	
causes	the	interstitial	cell	of	the	testis	make	
testosterone	(TT).		TT	helps	with	the	process	of	
spermatogenisis		but	it	does	not	cause	it	to	
begin.	TT	also	is	responsible	for	growth	and	
thickening	of	hair	all	over	the	body	and	other	
secondary	sexual	characters.		

Match	the	word	with	the	definition	
1. 	 FSH	 A. Causes	testosterone	to	be	produced		
2. 	 LH	 B. Stem	cell	that	regenerates	more	stem	cells	and	makes	

spermatocytes.	
3. 	 Meiosis		 C. Starting	cell	in	spermatogenisis	that	has	46	chromosomes	
4. 	 Mitosis	 D. Process	of	creating	gametes	w/23	chromosomes.	
5. 	 Spermatocyte	 E. Process	of	creating	2	identical	cells	with	46	chromosomes.	
6. 	 Spermatogonoia		 F. Causes	meiosis	to	begin	

	
Identify	the	parts	of	the	sperm	to	the	left	and	tell	what	
the	function	is.	
A.	 																																							C.		
	
B. 																																												D.	
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Part	3	Histology	
	 In	the	last	exercise,	we	looked	at	
the	production	of	sperm.	We	will	now	
look	at	histological	slides	going	over	the	
process.	If	you	were	to	look	at	a	
histological	slide	under	low	power,	you	
would	see	multiple	seminiferous	tubules	
(where	spermatogenesis	occurs)	with	
interstitial	cells	in	between	them.		The	
interstitial	cells	function	to	produce	
testosterone	which	aids	in	gamete	
production,	increases	sex	drive,	and	is	
responsible	for	secondary	sexual	
characteristics	such	as	thickening	of	bone,	
increased	muscle	mass	and	facial	hair.	A	

thin	capsule	actually	separates	the	seminiferous	tubules	from	the	interstitial	cells.		From	the	
seminiferous	tubules,	sperm	goes	to	the	epididymis	to	mature.		The	epididymis,	like	the	
seminiferous	tubules,	is	a	coiled	network	of	tubes.	However,	these	are	lined	with	simple	
columnar	epithelial.	These	are	special	because	they	have	a	structure	called	stereocilia.	They	get	
their	name	because	scientists	first	thought	that	these	were	cilia.	In	reality,	they	are	microvilli	
increasing	the	surface	area	of	the	inside	of	the	tube.		The	job	of	these	cells	is	to	release	
nutrients	and	other	factors	that	aid	with	sperm	maturation.		Other	basal	cells	are	present.	It	is	
thought	that	these	replace	the	columnar	cells.	
Below,	draw	and	label	both	the	seminiferous	tubules	and	the	epididymus.	
	 Seminiferous	Tubule	
	
	
	
	
	
	
	
	
							Epididymis	
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Lab	43:	Female	Reproductive	System		
	Part	1	Female	Reproductive	Anatomy	
	 The	organs	of	the	female	
reproductive	system	are	internal	and	lay	
within	the	pelvis.	The	urinary	bladder	is	
deep	to	the	pubic	symphysis.	The	uterus,	
when	“unoccupied”	sits	directly	superior	
to	the	urinary	bladder	and	anterior	to	the	
rectum.	
				Ovaries	are	the	primary	sex	organ	for	
women	and	they	are	located	superior	and	
lateral	to	the	uterus.	In	the	ovaries,	eggs	
(ova)	develop	in	structures	called	
follicles.		Each	month	follicle	stimulating	
hormone	causes	several	ova	to	begin	to	
mature.	When	an	ova	has	matured,	a	
second	hormone	called	luteinizing	

hormone	causes	that	egg	to	be	released	while	the	remaining	eggs	tend	to	dissolve.		The	ova	
which	has	been	ovulated	is	guided	into	the	uterine	tubes	by	structures	called	fimbriae		If	the	
egg	is	fertilized	in	the	uterine	tubes	it	implants	in	the	uterus.	The	uterus	made	up	of	3	layers.		
The	inner	most	layer	is	called	the	endometrium	which	is	further	divided	into	the	functional	
layer,	which	the	layer	that	grows	and	is	shed,	and	the	basilar	layer,	which	is	the	layer	always	
present.	Estrogen	causes	the	functional	layer	to	devolve	and	progesterone	maintains	the	
functional	layer.	The	middle	layer	is	the	myometrium		which	is	a	thick	layer	of	smooth	muscle		
which	aid	in	giving	birth.	The	perimetrium	is	the	outer	layer.	

The	vagina	receives	the	penis	and	
serves	as	the	birth	canal.		The	cervix	is	the	
passage	way	between	the	vagina	and	the	
uterus.		The	cervix	will	dilate	during	labor	
allowing	the	child’s	head	to	pass	through.	
	 The	female	reproductive	system	is	
protected	from	the	outside	world	by	the	
labia	majoria.	With	in	the	labia	majoria		are	
the		labia	minora		are	made	up	of	erectile	
tissue	and	enclose	the	clitoris,	the	urethral	
opening	and	the	vaginal	opening.	Vestibular	
glands		are	found	within	the	labia		minora.	
The	major	vestibular	glands	produce	a	
mucus	that	lubricates	the	vagina	during	
intercourse	while	the	minor	vestibular	
glands		are	made	up	of	erectile	tissue.			
	



 

147 Photos by John Polos. Free to reproduce for educational purposes. 
 

Bio 20b Anatomy and Physiology II Lab Book  Name__________________________ 

Identify	the	structures	on	the	models.	Next	find	the	structures	on	the	pictures	below		
Cervix	 	 		Clitoris	 Endometrium			 Ext.	anal	sphincter		 Ext.	urinary	sphincter		
Fimbriae	 		Fundus	 Iliac	artery	 	 Labia	majora		 	 Labia	minora	 		
myometrium	 		Ovary		 Pubic	symphysis											Rectum	 	 Sigmoid	colon		
Urinary	bladder		Uterine	tubes				Vagina	 	 	Ureter		 	 Urethra			
vestibular	gland	
1. ______________	 	 8._______________	 	 15.______________	 22.	Uterus	

2. ______________		 	 9.______________	 	 16.______________	

3. ______________	 	 10.______________	 	 17.______________	

4. ______________	 	 11.______________	 	 18.______________	

5. ______________	 	 12.______________	 	 19.______________	

6. ______________	 	 13.______________	 	 20.______________	

7. ______________	 	 14.______________	 	 21.______________	

	 	 	

	
	
	

Part	4	Oogenesis	and	Hormones	produced	by	the	ovary.	
	Like	spermatogenesis,	oogenesis	(egg	cell	generation)	occurs	in	the	gonads	and,	

through	meiosis,	produces	haploid	(23	chromosomes	only)	gametes.			However,	the	actual	
process	differs	greatly.	During	the	third	trimester	of	embryological	development,	oogonia	
(female	reproductive	stem	cells)	differentiate	in	the	cortex	(outer	edge)	of	the	ovaries	and	
undergo	mitosis	to	produce	primary	oocytes.		However,	unlike	in	spermatogenesis,	where	1	
daughter	cell	remains	a	spermatogonium,	all	of	the	daughter	cells	(eventually)	become	primary	
oocytes	with	46	chromosomes.	The	primary	oocyte	will	then	begin	its	first	meiotic	division	and	
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then	enter	a	period	of	prolonged	“sleep”	of	up	
to	50	years.		This	means	when	a	baby	girl	is	
born,	she	is	born	with	all	of	the	oocytes	that	
she	will	ever	have,	but	they	are	not	yet	active.		
	 The	primary	oocytes	are	located	in	
structures	called	primordial	follicles	in	the	
cortex	of	the	ovary.	Upon	reaching	sexual	
maturity,	a	woman’s	body	begins	to	produce	a	
hormone	called	follicle	stimulating	hormone	
(FSH)	(note,	this	is	the	same	hormone	that	was	
also	involved	in	sperm	maturation!).		FSH	
causes	numerous	follicles	(we’ll	say	for	
simplicity	10)	to	begin	to	mature.	This	means	
the	primary	oocytes	within	the	follicles	begin	
to	undergo	their	first	meiotic	division,	and	the	
follicular	cells	begin	to	enlarge	to	aid	in	the	
growth	(enlargement)	of	the	oocyte.		The	10	
follicles	compete	with	each	other	for	the	FSH	
with	the	one	developing	the	quickest	receiving	
the	most.	The	rest	of	the	follicles,	which	are	
not	receiving	as	much	FSH,	die	and	
disintegrate.	The	oocyte	completes	its	first	
meiotic	division	in	the	follicle.	However,	unlike	
in	sperm	where	you	get	2	equal-sized	
secondary	spermatocytes,	you	get	1	large	secondary	oocyte	(with	46	chromosomes)	and	a	
polar	body,	which	is	discarded	genetic	material	(the	other	46	chromosomes)	with	few	
organelles.	Note	that	since	FSH	causes	follicular	development,	too	much	FSH	can	cause	

premature	maturation	of	follicles	and	as	a	result	burn	out	
the	ovaries.		

	As	the	follicle	grows,	it	becomes	a	primary,	
secondary,	and	then	tertiary	follicle.		The	follicles	both	
increase	in	size	and	produce	a	fluid	that	surrounds	the	
oocyte.	The	follicular	cells	begin	to	produce	estrogen,	
which	causes	the	walls	of	the	uterus	to	thicken	in	
preparation	to	receive	a	fertilized	ovum.		A	spike	in	the	
amount	of	luteinizing	hormone	causes	the	secondary	
oocyte	to	be	ovulated	(released).	The	secondary	oocyte	
still	has	not	completed	its	second	meiotic	division.	When	
(and	if)	a	sperm	cell	fertilizes	the	secondary	oocyte,	the	
secondary	oocyte	completes	its	second	meiotic	division.	
Again	this	division	is	unequal.	The	result	of	the	secondary	
oocyte’s	second	meiotic	division	is	a	nucleus	with	only	23	
chromosomes	and	another	polar	body	(this	time	with	only	
23	chromosomes).			The	sperm’s	nucleus	is	then	able	to	
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fuse	with	the	ovum’s	nucleus	forming	a	zygote	(a	fertilized	egg	with	46	chromosomes.)	The	
follicular	cells	remain	as	a	structure	called	a	corpus	luteum	that	produces	progesterone.	The	
function	of	progesterone	is	to	maintain	the	lining	of	the	uterine	walls.	If	fertilization	does	not	
occur,	the	corpus	luteum	disappears	and	the	lining	of	the	wall	recedes	(and	thus	menstruation	
begins).	
Match	the	term	with	the	definition	
1.___Corpus	Luteum	 A.	Produced	in	the	ovary	while	still	in	the	mother’s	womb		
2.___Fertilization		 B.	Causes	the	maturation	of	5-10	primary	oocytes		
3.___Follicle	 C.	Oocyte	that	has	completed	Meiosis	I	
4.___Follicle	stimulating	
hormone	

D.	The	act	of	a	sperm	entering	the	oocyte	causing	meiosis	to	
finish.	

5.___Ovulation	 E.	Group	of	cells	and	fluid	that	nourish	the	primary	oocyte	
and	help	it	to	mature.	Helps	to	build	up	the	lining	of	uterus	
by	secreting	estrogen.	

6.___Polar	Body	 F.	When	a	mature	secondary	oocyte	leaves	the	ovary.	Caused	
by	LH.	

7.___Primary	Oocyte	 G.	Remnant	of	the	follicle.	Produces	progesterone	to	
maintain	lining	of	uterus.	

8.___Primordial	follicle	 H.	A	cell	that	is	in	the	process	of	meiosis	I	
9.___Secondary	Oocyte	 I.	Ejected	genetic	material	that	is	not	used.	
10.___Zygote	 J.	A	fertilized	egg	containing	genetic	material	of	both	parents.	
	
Histology:		Using	the	ovary	microscope	slide,	draw	and	identify	a	primordial	follicle,	a	primary	
follicle,	a	secondary	follicle,	and	a	corpus	luteum.	
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Part	5	Phases	of	the	uterine	cycle	
	As	we	learned	in	part	4,	oocytes	(ova)are	
stored	in	structures	called	primordial	
follicles	which	are	found	in	the	outer	cortex	
of	the	ovary.	Each	month,	follicle	
stimulating	hormone	(FSH)	causes	around	
10	follicles	to	start	to	develop	and	become	
primary	follicles.		A	second	layer	of	cells	
will	develop	around	the	oocyte,	marking	
the	start	of	a	secondary	follicle,	and	an	
antrum	will	form	between	the	oocyte	and	
the	follicular	cells.			After	ovulation,	the	
follicular	cells	are	left	in	a	structure	called	a	
corpus	luteum.	We	will	now	look	at	the	
hormones	produced	by	these	structures	affect	the	lining	of	the	uterus.	

If	implantation	does	not	occur	during	the	previous	cycle,	the	corpus	luteum	degrades	
and	becomes	a	corpus	albicans.	Due	to	the	absence	of	hormones	from	the	corpus	luteum	,the	
endometrium	is	shed	in	a	process	known	as	menstruation	which	lasts	for	about	5	days.	During	
this	time,	levels	of	FSH	begin	to	rise	causing	around	10	primordial	follicles	to	start	developing	
into	primary	follicles.	The	primary	follicles	produce	estrogen	which	causes	the	endometrium	to	
begin	to	thicken.	As	the	follicle	grows,	the	levels	of	estrogen	increase.	By	the	time	the	follicle	

has	a	fully	formed	antrum,	
which	is	around	day	14	of	the	
cycle,	the	levels	of	estrogen	
spike.	This	causes	the	
pituitary	to	release	large	
amounts	of	luteinizing	
hormone	(LH)	and	ovulation	
to	occur.		The	follicle	
becomes	a	corpus	luteum	
which	produces	
progesterone.	Progesterone	
causes	blood	vessels	to	
invade	the	endometrium	and	
maintains	the	endometrium.		
If	fertilization	occurs,	LH	
levels	increase	and	the	
corpus	luteum	is	maintained.	
If	fertilization	does	not	occur,	
progesterone	levels	drop	
and	the	corpus	luteum	
recedes	causing	
menstruation	to	begin	again.	
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Label	the	lines	for	each	hormone.		Label	the	different	phases	of	the	menstrual	cycle.		Then	label	the	
different	ovarian	structures.	
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Lab	44:	Development,	principals	of	heredity	and	intro	to	
genetics	
Part	1	Genetics	
	

Every	protein	in	your	body	is	coded	for	by	a	gene	and	your	genes	
are	found	on	your	chromosomes.		You	inherited	half	of	your	
chromosomes	(23)	from	your	mother	and	half	from	your	father.	
As	a	result,	you	have	2	sets	of	every	gene.			Yet,	there	are	multiple	
copies	of	some	genes	and	not	all	genes	are	created	equal.	
Sometimes	1	or	more	DNA	bases	that	code	for	a	gene	may	be	
different.	Take	sickle	cell	anemia	for	example.	If	a	person	has	
sickle	cell	anemia,	it	means	that	both	genes	they	inherited	have	a	

substitution	of	1	base	for	the	beta	strand	of	hemoglobin.	As	a	result,	the	hemoglobin	loses	its	
three	dimensional	shape	under	hypoxia	(low	oxygen)	and	red	blood	cells	take	on	the	sickle	
shaped	to	the	left.	
	 Now	in	the	example	above,	to	have	sickle	cell	trait,	you	need	2	“altered”	copies	of	the	
beta	hemoglobin	chain.	That	is	because	this	gene	is	a	recessive	gene.		A	recessive	gene	only	
shows	its	trait	if	it	inherited	from	both	parents.	Blood	type	O	and	red	hair	are	also	examples	of	
this.	People	with	red	hair	have	a	gene	for	melanin	that	contains	a	lot	of	sulfur	containing	
cysteine.		However,	for	it	to	be	expressed,	they	have	to	receive	2	copies	of	it.	A	dominant	gene	
is	the	form	of	the	gene	that	will	always	express	itself	when	present.	The	“normal”	beta	strand	
for	hemoglobin	is	dominant	as	is	the	gene	for	eumelanin	(true	melanin).	Now,	let	us	look	at	this	
with	blood	typing.		A	woman	who	is	blood	type	A,	which	we	will	write	as	two	large	As	(AA),	
marries	a	man	with	blood	type	O.	Since	he	is	blood	type	O,	he	must	have	two	copies	of	the	
blood	type	O	gene	which	we	will	write	as	(ii).		We	can	figure	out	the	blood	types	of	their	
offspring	by	using	the	punnett	square	below.	We	will	write	the	man’s	genotype	(genetic	
makeup)	on	the	top	and	the	woman’s	genotype	on	the	left.		
	

	 i	 i	
A	 Ai	 Ai	
A	 Ai	 Ai	

The	4	middle	boxes	are	all	the	possible	genotypes	their	children	can	have.	As	you	can	see,	all	
their	children	will	have	the	genotype	Ai	which	means	1	gene	for	blood	type	A	and	1	gene	for	
blood	type	O.		Since	blood	type	A	is	dominant,	they	show	the	trait	for	blood	type	O.	This	is	
called	their	phenotype.		So	again,	the	genotype	is	the	genetic	makeup	of	an	organism,	which	is	
Ai	in	this	case,	but	the	phenotype	is	the	outwards	appearance	of	an	organism,	in	this	case	
blood	type.		Another	thing	to	point	out	is	that	both	parents	are	homozygous	for	their	
genotypes.	That	is	they	have	2	copies	of	the	same	gene.	However,	the	children	will	all	be	
heterozygous	for	the	genotype	which	means	they	have	2	different	genes.	Now	let	us	say	that	
one	of	their	children	marries	and	has	children	with	someone	who	his	heterozygous	for	blood	
type	B	(Bi).	Let	us	look	at	the	outcome.	



 

153 Photos by John Polos. Free to reproduce for educational purposes. 
 

Bio 20b Anatomy and Physiology II Lab Book  Name__________________________ 

	
	 B	 i	
A	 AB	 Ai	
i	 Bi	 ii	

	 The	punnent	square	shows	us	all	the	possible	genotypes	for	their	children.	There	is	a	25	
percent	chance	that	one	of	their	children	will	be	homozygous	for	blood	type	O	which	will	be	
their	genotype	and	phenotype.		Both	blood	type	A	and	B	are	dominant	to	blood	type	O.		
Therefore,	there	is	a	25	percent	chance	that	one	child	will	have	the	phenotype	for	A	but	the	
genotype	Ai	and	a	25	percent	chance	that	a	child	will	have	the	phenotype	for	B	but	genotype	Bi.	
What	about	the	last	possibility.	Well,	some	genes	are	co-dominant.		That	means	they	both	get	
expressed.	Therefore,	the	4th	child	will	express	both	the	A	and	B	phenotypes.	
	 This	has	been	a	brief	overview	of	genetics.	It	is	assuming	that	there	are	only	2	copies	of	
genes,	a	dominant	and	a	recessive,	and	that	there	is	only	1	gene	for	each	trait.	In	reality,	many	
genes	code	for	characteristics.	A	person’s	eye	color	is	coded	by	3	different	gene	sets	and	a	
person’s	height,	I	believe,	7	gene	sets.	These	genes	tend	to	be	codominant	and	show	
incomplete	dominance	too	(where	the	recessive	and	dominant	traits	can	mix)	
Activity	1	Genetic	Gambling	
	 We	are	going	to	assume	that	human	genetics	is	simple	and	that	each	trait	is	controlled	
by	1	gene.	You	will	be	working	with	a	partner	and	gambling	which	characteristics	you	will	pass	
on	to	your	fictional	offspring.	
Procedure:	
			1.	Get	together	with	your	"spouse"	at	your	desk.		
			2.	Determine	your	personal	by	using	the	following	list.	Record	your	genotypes	in	the	table	
below.	

			A.	Sex	/	XX=female	XY=male	
			B.	Hair	Color	/	BB=black	Bb=brown	or	red	bb=blonde	(In	reality,	it	is	more	complicated)	
			C.	Eye	Color	/	EE=brownish	Ee=greenish	ee=bluish	(In	reality,	it	is	more	complicated)	
			D.	Tongue	Roll	/	RR	or	Rr=tongue	roller	rr=non	roller	
			E.	Blood	Type	/	A=AA,	B=BB,	AB=AB	and	O=ii	
			F.	Widow's	Peak	/	WW	or	Ww=widow's	peak	ww=no	widow's	peak		
		G.	Skin	Color	/	SS=Dark	Ss=medium	ss=light	(In	reality,	a	lot	more	complicated!)	
			H.	Face	Shape	/	RR	or	Rr	=	oval		rr=square	
			I.	Eye	Lashes/	LL=long	Ll=long	ll=short	
			J.	Dimples/	DD=present	Dd=present	dd=absent	
			K.	Freckles/	FF=present	Ff=present	ff=absent	
			L.	Height	HH=Above	average	Hh=Average	hh=	below	average	(a	lot	more	complicated)	
				

3.	Each	partner	flips	one	coin	representing	their	two	genes	for	each	trait.	If	it	is	a	head,	you	
passed	the	gene	on	the	right.	If	you	flipped	a	tail,	you	passed	the	gene	on	the	left.	
	
4.	Record	the	genes	you	passed	on	for	each	trait	in	the	child	column.		You	will	be	doing	two	
children.	
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Trait	 Mother	 Father	 Child	1	 Child	2	 Trait	 Mother	 Father	 Child	1	 Child	2	 	 	

Sex	 	 	 	 	 Skin	Color	 	 	 	 	 	 	
Hair	Color	 	 	 	 	 Face	Shape	 	 	 	 	 	 	
Eye	Color	 	 	 	 	 Eye	Lashes	 	 	 	 	 	 	
Tongue	Roller	 	 	 	 	 Freckles	 	 	 	 	 	 	
Blood	Type	 	 	 	 	 Height		 	 	 	 	 	 	
Widow's	Peak	 	 	 	 	 Dimples	 	 	 	 	 	 	
Skin	Color		 	 	 	 	 ColorBlindness	 	 	 	 	 	 	
Part	2	Fetal	development	and	circulation.	

	
Fertilization	(normally)	occurs	in	the	uterine	tubes.	As	the	fertilized	egg,	which	is	called	

a	zygote,	travels	down	the	uterine	tubes,	it	begins	a	series	of	cell	divisions.			During	this	time,	
the	zygote	is	increasing	the	total	number	of	cells	but	not	in	size.		After	1-2	days	of	dividing,	the	
zygote	has	reached	the	16	cell	stage	and	entered	the	uterus	and	is	now	called	a	morula.			The	
morula	continues	to	divide	and	eventually	forms	a	(larger)	hollow	ball	of	cells	called	a	blastula	
or	blastocst.			During	week	2,	the	blastula	slowly	embeds	itself	in	the	endometrium	of	the	
uterus	where	it	continues	to	grow	and	develop.	

Parts	of	the	blastula	differentiate	and	one	of	those	structures	will	form	the	placenta.	
Blood	vessels	from	the	placenta	spread	out	into	the	endometrial	layer	of	the	uterus	and	serve	
as	a	site	of	gas,	nutrient,	and	waste	exchange	between	the	mother	and	the	embryo.		It	also	
transmits	maternal	antibodies	to	the	embryo	which	
gives	the	embryo	some	innate	immunity.	Lastly,	the	
placenta	produces	fetal	hormones.	Those	
hormones,	mainly	a	mix	of	estrogen,	progesterone,	
and	human	chorionic	gonadotropin	hormone	(HCG)	
cause	changes	in	the	mother	that	facilitate	the	baby	
getting	oxygen	and	nutrients	during	development	
and	to	prepare	the	mother	for	lactation.			You	will	
note	in	the	picture	of	the	late	stage	fetus,	that	the	
uterus	has	enlarged	and	the	baby’s	head	has	
“dropped”	into	the	pelvis.		The	uterus	enlarges	so	
the	fundus	(rounded	“end”)	moves	superiorly	
through	the	abdominal	cavity	and	anterior	to	the	
other	abdominal	organs.		The	fetus	rotates	so	its	
head	is	towards	the	cervix	close	to	the	time	of	labor	
and	it	is	often	a	sign	that	labor	will	begin	in	a	few	
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weeks.			The	mucus	plug	(aka	cervical	mucus	plug)	blocks	
passage	into	the	uterus	during	pregnancy.		It	contains	
antibodies	and	antimicrobial	peptides	which	prevent	
bacteria	from	entering	the	uterus.		Loss	of	the	mucus	plug	
is	one	of	the	3	signs	that	labor	is	about	to	begin.		
	 Blood	travels	to	the	fetus	via	the	umbilical	cord	
which	consists	of	2	umbilical	arteries	and	1	umbilical	vein.		
Oxygen	rich	blood	travels	from	the	mother’s	capillaries	in	the	umbilical	vein	into	the	fetus.	The	
umbilical	vein	enters	the	liver	to	deliver	nutrients	though	most	of	the	blood	is	shunted	by	a	
structure	called	the	ductus	venosus	into	the	inferior	vena	cava.	The	now	oxygen/nutrient	rich	
blood	mixes	with	the	oxygen	poor	blood	of	the	inferior	vena	cava	and	enters	the	right	atria.		A	
large	portion	of	the	oxygenate	blood	entering	the	right	atria	is	shunted	to	the	left	atria	via	the	

oval	foramen.		Upon	ejection	from	the	
right	ventricle,	a	majority	of	the	blood	from	
the	pulmonary	trunk	is	shunted	to	the	
aorta	via	the	ductus	arteriosus.		Both	of	
these	shunts	will	close	shortly	after	birth.		
Oxygenated	blood	then	goes	to	the	brain	
and	the	rest	of	the	body.		Oxygen	poor	
blood	will	return	to	the	placenta	via	the	
umbilical	arteries.	The	umbilical	arteries	
eventually	will	form	the	internal	iliac	artery	
while	the	umbilical	vein	and	the	3	shunts	

disappear.		
Follow-up	1:	Match	the	word	with	its	definition	
1. ____Blastula	 A. A	16	cell	clump	of	cells	
2. ____Ductus	

arteriosus	
B. A	fertilized	egg	

3. ____Ductus	venosum	 C. A	hollow	ball	of	cells	which	forms	embryo	and	embryonic	
support	structures	

4. ____Endometrium	 D. Bring	oxygen	poor	blood	back	to	the	placenta	
5. ____Fundus	 E. Muscular	layer	of	uterus	
6. ____Morula	 F. Part	of	the	uterus	where	blastula	implants.	
7. ____Mucus	plug	 G. Rounded	end	of	uterus	
8. ____Myometrium	 H. Shunt	between	right	and	left	atria	
9. ____Oval	foramen	 I. Shunt	between	the	pulmonary	artery	and	vein	
10. ____Placenta		 J. Shunt	through	the	liver	to	the	inferior	vena	cava	
11. ____Umbilical	

arteries	
K. Structure	found	in	the	cervix	that	prevents	bacterial	

infection	during	pregnancy	
12. ____Umbilical	vein

	 	
L. Structure	that	serves	as	site	of	exchange	between	mother	

and	fetal	blood.	Also	produces	hormones.	
13. ____Zygote	 M. Take	oxygen	rich	blood	to	the	fetus	
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Followup	1	Id	the	structure	
	

1. ________________	
	

2. ________________	
	

3. ________________	
	

4. ________________	
	

5. ________________	
	

6. ________________	
	

7. ________________	
	

8. ________________	
 
 
 
 
 
Followup 2 Find a picture online of fetal 
circulation. To the best of your ability, draw it and label the structures mentioned in the previous 
part. 
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Lab	45	The	Rat	
Part	1	the	Oral	Cavity	Spend	no	more	than	3	minutes!	

		
To	Structures	of	the	rats	oral	cavity	can	be	representative	of	
us.	But	first,	to	examine	the	oral	cavity,	you	must	break	the	
mandible.	Take	the	large	scissors	in	your	dissection	kit	and	
place	them	in	the	mouth	so	that	they	will	cut	the	jaw	bone.		
Be	careful	not	to	cut	yourself	on	the	teeth.			Cut	the	jaw	so	
that	you	can	open	the	mouth	to	a	180	degree	angle.			You	
should	be	able	to	see	the	hard	and	soft	palates,	the	incisors	
(gnawing	teeth)	molars	(grinding	teeth)	the	tongue	and	the	
pharynx.		Depending	on	your	cut	you	may	also	be	able	to	
see	a	salivary	gland	as	well.	Notice	the	absence	of	canine	
(cuspid)	teeth.	

1. What	teeth	are	missing	in	the	rat?	
	
	
Part	2	Removing	the	skin	of	the	Rat	(2	minutes)	
	

1. Turn	the	rat	so	that	is	on	its	back.	
2. Pinch	the	skin	over	the	ribs/sternum.	Make	a	small	incision	in	the	skin	only.	
3. Place	your	scissors	in	the	incision.	Make	a	sagittal	cut	all	the	way	up	to	its	jaw	and	all	the	

way	down	to	its	pelvis	(see	picture	left.)		
4. Cut	skin	in	a	transverse	

section	across	the	top	of	
the	thoracic	cavity	and	at	
the	bottom	of	the	
abdominal	cavity	and	
peal	the	skin	back.		

5. If	you	wish	to	skin	the	rat	
completely,	continue	
transverse	sections	down	
the	limbs.	Cut	sin	around	
“wrist”	and	ankle.	Take	
skin	off	like	you	would	a	
shirt.		

	
	
Part	3	opening	the	abdominal	and	thoracic	cavities.		(See	picture	above)	
	
1. Make	an	incision	with	your	scissors	starting	at	the	bottom	of	the	abdominal	cavity	and	cut	

rostrally	(towards	the	nose).	It	may	be	a	little	tough	cutting	through	the	ribs.	
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a. Be	sure	to	lift	up	the	musculature	as	you	cut	with	your	scissors	so	you	do	not	cut	any	
internal	organs.	

b. Be	especially	careful	as	you	reach	the	divide	between	the	abdominal	and	thoracic	cavities.	
The	diaphragm	is	thin	and	easily	damaged.	

2. Lift	the	skin	and	make	transverse	sections	as	drawn	in	the	picture	above.	Be	sure	to	lift	the	
skin	(especially	for	the	cut	between	the	thoracic	and	abdominal	cavities.	

3. Peal	the	abdominal	muscles	and	rib	cage	back.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

1. Do	you	notice	anything	that	is	different	from	the	arrangement	of	organs	in	the	human?	
If	so	what?	(Hint,	where	is	the	large	intestine)		

	
	
	

2. Is	this	what	you	expected	the	inside	of	the	rat	to	look	like?	Why	or	why	not	
	
	
	
Part	4	the	Heart	(10	minutes)	
	Your	heart	is	located	central	to	the	lungs.	Notice	that	apex	(tip)	of	the	heart	protrudes	to	the	
left	and	therefore	the	left	lung	is	smaller	than	the	right	lung.		The	lungs	are	surrounded	by	the	
plural	membrane	and	the	lungs	are	surrounded	by	the	pericardial	sac.				See	if	you	can	see	
either	the	vagus	or	phrenic	nerves	before	you	cut.		Carefully	cut	away	the	pericardial	sac	from	
the	heart	to	reveal	the	atria,	ventricles	and	the	great	vessels.			
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1. Does	you	heart	have	a	thymus	gland	over	it?		

What	does	the	presence	or	absence	of	the	
thymus	mean	about	your	rat?	
	

	
	
2. Contraction	of	the	diaphragm	is	going	to	

move	it	away	from	the	lungs.	What	is	this	
going	to	do	to	the	size	and	pressure	of	the	
thoracic	cavity?	

	
	
	
	
	
Remove	the	heart	carefully	so	that	you	do	not	remove	the	veins.	Try	to	keep	as	much	of	the	
great	vessels	as	possible.		Draw	a	picture	of	the	heart	and	label	the	following	structures:	Right	
Atria,	Left	Atria,	Ventricles,	Apex,	Aorta,	Sup	Vena	Cava,	Inf.	Vena	Cava,	pulmonary	artery,	
and	pulmonary	vein.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
When	you	are	done	with	the	drawing,	cut	the	hart	
open	to	observe	the	valves	and	heart	chambers.	
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Part	5	the	Lungs	(10	minutes)	
	
Follow	the	trachea	up	through	the	neck	to	where	it	
meets	the	pharynx.		Observe	the	Thyroid	gland	over	
the	trachea.	Then	make	an	incision	with	your	scissors	
to	remove	the	trachea	then	remove	the	trachea,	
thyroid	glands	and	lungs.		As	you	can	see	on	the	
picture	to	the	left,	which	is	a	posterior	view)	you	may	
take	the	esophagus	and	aorta	out	with	it.			
	

1. How	does	the	left	lung	differ	from	the	right	
lung?	

	
	

2. How	many	primary	bronchi	are	there?	Where	
do	they	go?	

	
3. Can	you	see	the	secondary	bronchi?	How	

many	are	on	the	left	vs	how	many	are	on	the	
right?	Why?	

	
	

	
4. Flip	the	lungs	to	view	them	from	the	posterior.		Describe	how	the	aorta,	esophagus,	and	

trachea	are	different	from	each	other	in	terms	of	texture.		
	
	
	
	
Draw	a	picture	of	the	lungs.		Label	the	Thyroid	,	trachea,	primary	bronchi,	apex,	base	superior	
lobes,	inferior	lobes,	and	middle	lobe	(right	only)		
When	you	are	done,	cut	the	lungs	in	half	to	observe	the	lung	tissue.	
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Part	6	Digestive	
system.		
	Locate	the	
organs	of	
digestion	in	the	
abdominal	cavity.		
The	stomach	
should	be	in	the	
upper	left	
quadrant	and	the	
liver	in	the	upper	
right	quadrant.	
Located	deep	to	
the	stomach	will	
be	the	pancreas.		
It	has	the	texture	
of	glandular	
tissue,	however,	

its	small	size	makes	the	easy	pancreas	to	miss.	(I	like	to	say	it	looks	brainy	but	that	is	not	
scientific	notation.		Connected	to	the	stomach	will	be	the	small	intestines.	Notice	that	they	are	
named	for	their	small	diameter	and	not	their	length.		Attached	to	the	small	intestines	will	be	
the	cecum.		It	tends	to	be	tightly	coiled	structure	in	which	bacteria	ferment	the	seeds	and	
grains	that	the	rat	would	eat	as	part	of	its	normal	diet.			
	Carefully	remove	the	digestive	system.	Preferably	start	with	the	esophagus	and	carefully	cut	it	
out	of	the	rectum.	Measure	the	length	of	each	section	of	the	digestive	track	and	fill	out	the	
table	below.	
Organ	 Length	in	rat	(cm)	 Function	in	Humans	
Esophagus	 	 	
Stomach	 	 	
Pancreas	 NA	 	
Small	
Intestines	

	 	

Cecum	 	 	
	
Part7	Urinary	system	
Once	you	have	removed	the	majority	
of	the	abdominal	organs,	you	should	
be	able	to	locate	the	organs	of	the	
urinary	and	reproductive	systems.		
Locate	the	2	kidneys.	Follow	the	
ureters	leaving	the	kidneys	down	to	
the	urinary	bladder.		The	urinary	
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bladder	is	a	thin	sack	like	structure	that	should	be	near	the	rectum.		If	your	rat	is	a	male,	you	
should	see	the	prostate	gland	in	the	caudal	portion	of	the			abdominal	cavity.		If	you	wish,	you	
may	cut	open	the	scrotum	to	examine	the	testicles.			If	your	rat	is	female,	you	should	see	the	
ovaries,	ova	ducts,	uterus,	and	vagina.		
	

Identify	the	organs	on	the	picture	
1. _______________	

	
2. _______________	

	
3. _______________	

	
4. _______________	

	
	

5. _______________	
	

6. _______________	
	
	

7. _______________	
	

8. _______________	
	
	

9. _______________	
	

10. _______________	
	

	
	


