
wrong 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18  
right 86 85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68  
score 100 98.8 97.7 96.5 95.3 94.2 93 91.9 90.7 89.5 88.4 87.2 86 84.9 83.7 82.6 81.4 80.2 79.1  
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Animalia Frog Physiology You:_______________ Partner: __________________ 
Today we are studying the circulation physiology of the common frog, Rana pipiens, as an 

example vertebrate animal. Frogs are hopping amphibians and they appear in virtually their 
current form in the fossil record of 190 million years ago! The earliest amphibian, Ichthyostega, 
appears in a fossil from Greenland dated at 370 million years ago in the Devonian Period.  

Today frogs are found in just about every freshwater ecosystem from desert to arctic winters, 
and on every continent except Antarctica. Frogs are poikilotherms, meaning that they are cold-
blooded. Their body temperature is not maintained homeostatically, but rather approximates the 
environmental temperature. In extreme heat of a desert, the Australian water-holding frog buries 
itself in the soil, sheds its skin to form a water-holding cocoon, and hibernates up to seven years 
awaiting a rainy season to emerge and mate. Wood frogs can live above the Arctic Circle and 
load up their internal organs with extra glucose as winter approaches as a kind of antifreeze. The 
peripheral parts of the body freeze solid through the winter! 

The posterior appendages (legs) are specially evolved to permit frogs to leap 20 times their 
body length…for a tall human that would be a 40-meter leap. Tree frogs have specially-adapted 
toe tips for climbing and clinging to vertical surfaces. The Costa Rican flying tree frog uses its 
foot webbing like a hang-glider to soar from tree to tree. 

Frogs are carnivores and feed mostly upon invertebrates, but the ornate horned frog of 
Argentina can swallow a mouse whole! The frog mouth lacks slashing or grinding teeth, so all 
the prey are swallowed whole. Most frogs use a sticky tongue that extends a great distance out of 
the mouth to capture insects on the wing. The tongue can flash out a distance longer than the frog 
body and so quickly that just about any insect can be easily captured by a hungry frog. 

Frogs have excellent vision and the position of the eye permits a frog to see predators 
approaching from just about any direction. The bulging eyes and nostrils at the anterior tip of the 
body allows the frog to rest with very little of its body extending above the water surface. 

Frog skin is a major site of gas exchange, but the skin must be kept moist for oxygen to 
exchange across it. While we work with our frogs we will be careful to keep the skin moist to 
avoid suffocating the frog. Sure the frog has lungs, but frogs rely upon their skin for much of 
their gas exchange. About once a week the frog sheds its skin, pulling it over its head like a 
stocking cap…and generally the frog eats the shed skin. 

Frogs are often cryptically colored, but there are poisonous frogs with aposematic (wildly 
colored) skin to warn would-be predators about their toxic properties. Of course there are non-
toxic species that also have aposematic coloration which probably helps them avoid predation by 
stealth! Many frogs can change their coloration to match their environment, or because of their 
temperament (lighter when normal and darker when aggressive), or because of the time of day 
(lighter in daytime and darker at night). The skin possesses chromatophores to assist in these 
color changes, some of which are under hormonal control. 

Frogs have vocal chords and vocal sacs that help produce characteristic calls, mostly by 
males. Frogs use these sounds to establish territory and to attract mates. Frogs have a large 
tympanic membrane just behind the eyes to hear each other’s calls. If a male successfully attracts 
a female, he mounts on her back and wraps his forelimbs around the female’s ribcage, 
interlocking his thumbs. One way to distinguish male from female frogs is the condition of the 
forelimb thumbs. The clasping behavior is called amplexus and it may last hours, days, or even a 
week or more. 
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When the female is fully ready hormonally to shed eggs, she releases hundreds to thousands 
of eggs into the water. When this happens, the male on her back sheds clouds of sperm over 
them. The syngamy event occurs in the water (external syngamy). In most frogs the zygotes pass 
through the tadpole (larval) stage initially as herbivores with very little parental care. However 
there are other species that keep the larval frogs in their mouths, stomachs, vocal sacs, or 
embedded in the skin on their backs and assist in their feeding, early development, and survival 
in the face of predation. 
External Anatomy 

Carefully observe your frog, by placing it in a ZipLok freezer bag and allow the frog to calm 
down enough to observe for a few minutes. The frog’s eyes have a non-moveable upper and 
lower lid, but can be covered with a nictitating membrane which serves to moisten the eye. 
Posterior to each eye is a tympanum for hearing. Anterior to the eyes are two nares (nostrils) 
for gas exchange. On the edge of the head you will find the mouth. 

The frog has a two anterior pectoral appendages (forelimbs) and two posterior pelvic 
appendages (hindlegs). The forelimbs have a hand with four digits and a rudimentary and 
vestigial thumb. The thumbs of male frogs are more muscular than those of females. The 
hindlegs have a foot with five digits and a rudimentary and vestigial sixth digit. The digits of the 
hindlegs are webbed for swimming. You might notice the size difference between the forelimb 
and the hindleg! The forelimb positions the head to prepare for a jump, but the jump is achieved 
by the powerful muscles and the long bones of the hindlegs. The proportions of the proximal and 
distal parts of each limb are very similar to their counterparts in humans. You should be able to 
locate the wrist, forearm, elbow, shoulder and note that the range of motion and direction of 
folding matches your own. Internally the bone structure is virtually the same. The musculature is 
also very similar. The hind limb is also similar in composition. The thigh is attached at the hip, 
there is a knee folding just like yours, then a shin ending at the heel of the foot. The adult frog 
lacks the post-anal tail and so is called an anuran; the body ends in the cloacal opening. 

Make a sketch of your frog’s external structure and label it completely. Pay close attention to 
how the hindleg is “folded,” your sketch must be biologically accurate! 

nares     mouth      eyes      tympanum      cloacal opening 
forelimb: hindleg: 

shoulder thigh 

elbow knee 

forearm shin 

wrist heel 

thumb foot 

hand digits 

digits 
18-     
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Euthanasia 
In biology we treasure and value the life of an organism as we study it. This will require us to 

provide our animal with some level of comfort as we open its body to observe circulation 
physiology. Most of you have heard of “pithing” the frog…which means inserting a dissecting 
needle into the space between the skull and first vertebra, severing the spinal cord, and then 
driving the needle into the brain and disrupting it. This renders the frog completely paralyzed and 
insensitive to our operations, however the time between the start of the pithing and the rendering 
of paralysis is too long and the chance of partial paralysis looms large. We shall use a faster, 
more reliable procedure. The instructor will slide one blade of a pair of scissors into (across) the 
mouth of the frog and slide it to the back of its jaw hinge. The other blade will extend across the 
back of the frog’s head. Then, in one rapid slice, s/he will cut off the top of the frog’s head. This 
accomplishes the paralysis in one fast move…it seems a bit grisly for our eyes, but is far better 
for the frog. S/he will then run a dissecting needle down the spinal cord to reduce some of the 
reflexes of the frog. There will be some bleeding-out which should not impact our project. 
Tongue circulation physiology 

The frog’s tongue is a very sticky and large thin skin-like area of the body. We will place our 
dead frog ventral (belly) side down onto the dissection tray and cut a 1-cm hole with a cork borer 
for observation of the circulation of blood in this tongue. 

Position, spread, and then pin the frog’s tongue across the small hole in the tray. As needed, 
keep the frog’s skin and exposed tongue moist with water as you observe the webbing in the 
microscope. Bathe the tongue with room-temperature water, with several rinses to make sure the 
tongue is at 23°C. Locate a fine capillary…we want one with good flow that has the width of 
about 3-red blood cells at room temperature. Record the width of this one capillary (in cells-
wide) over five minutes, remembering to bathe the tongue with the room-temperature water 
between observations. Blot out any excess water with a paper towel. Repeat with the same 
capillary after bathing the tongue with warm (35°C) water between measurements. Repeat with 
the same capillary after bathing the tongue with cold (5°C) water between measurements. At 
home, do two t-tests to compare warm and cool treatments with the room-temperature control 
(worth most of the points…do them!). 

Trials: 1 2 3 4 5 average # 
cells wide 

t-test 
p value Signif? Estimated rate  

of blood flow 
23°C         slow    medium    fast 

35°C          . Y   N slow    medium    fast 

5°C      .    . Y   N slow    medium    fast 

 

25-     
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Cardiac Physiology 
While the capillaries in the tongue permit us to observe the effect of temperature on blood 

flow, it would be more direct to observe the cardiac muscle directly. We can now proceed 
directly to observing the still-beating heart. Blot excess water from the dissecting tray with a dry 
paper towel. Remove the pins from the tongue and flip the frog over in the dissecting tray so that 
the ventral (belly) side is up. 

Using forceps, lift the abdominal skin near the pelvis and snip it open with the scissors. 
Remember we want only to cut the skin so this cut needs to be shallow! Cut the skin up to the 
base of the frog’s throat. Then cut the skin laterally on each side of the cut so that you can flap 
the skin open to see the abdominal muscles. (Your cuts will be in the form of the letter I). 

Repeat your cuts just going through the abdominal muscles from pelvis to the ribs. As you 
flap the muscle layers open and pin them, you should be able to see the abdominal organs inside 
the abdominal cavity. 

Dividing the abdominal cavity from the thoracic cavity is a thin sheet of muscle, the 
diaphragm which attaches along the body wall at the level of the lowest rib. Use the point of the 
scissors to penetrate the diaphragm just under the rib cage and carefully cut along the sternum 
(breastbone) up toward the throat…but BE CAREFUL to keep the scissor points just under the 
ribs so that you do not cut into thoracic organs. 

After you have opened the thoracic cavity and pinned it open a bit, you should be able to 
locate the beating heart with small pinkish lungs on either side. The heart is surrounded by a 
pericardial membrane. Again carefully lift this membrane with forceps and slit it open with the 
scissors to expose the heart. This is a three-chambered heart with one ventricle and two atria. 

Make pulse observations on the ventricle of the heart directly. Be sure to apply room-
temperature Frog Ringer’s solution (6.5 g NaCl + 0.14 g KCl + 0.12 g CaCl2 + 0.2 g NaHCO3 + 
0.01 g NaH2PO4•H2O per liter) to the heart muscle and other internal organs to avoid them drying 
out. Do NOT use water for this! Carry out the chemical treatments IN ORDER. Between the 
treatments, blot out the treatment solution with a dry paper towel and rinse with plain Ringer’s 
and reblot. For the neurotransmitters, apply just a few drops and only to the heart itself as much 
as possible. These chemicals are dissolved in Ringer’s solution. If acetylcholine stops the heart, 
apply the atropine immediately to counteract it and restore the heartbeat (then enter 0 for the rest 
of the trials for acetylcholine). Allow 1 minute for uptake of each new treatment. Count the beats 
per minute, for one full-minute for each trial! Calculate an average 

Treatment: Trials: 1 2 3 4 5 x bpm Beat Description 
Ringer’s control      .    weak  normal  strong 

0.3% acetylcholine      .    weak  normal  strong 

0.5% atropine      .    restored   not restored 

0.3% norepinephrine      .    weak  normal  strong 

1% caffeine      .    regular     irregular 
 

35-     



Page 5 

Assuming lecture has not covered these chemicals, let us simply say here that the 
poikilotherm heart has a built-in pacemaker (a group of neural cells sending our regular 
impulses) allowing it to beat for hours even after the brain is no longer connected to the heart! 
The nerves that control the heart rate obviously must balance stimulation and inhibition to 
maintain a pulse appropriate for the current conditions. These neurons that connect to the heart 
muscle cells, stimulate the muscle cells to contract by one of two nerve systems…the 
parasympathetic nerves slow down and weaken the contraction rate by stimulating the 
pacemaker with acetylcholine secretions…the sympathetic nerves speed and strengthen 
contractions by stimulating the pacemaker with nor-epinephrine. Acetylcholine and 
norepinephrine are called neural transmitter substances. The responding cells must have 
receptors to receive these chemicals and respond accordingly. Atropine blocks acetylcholine 
receptors. Caffeine is a stimulant that also disorganizes the pacemaker’s contractions. 

Now that your chemical treatments and timed intervals are over, you can proceed in a more 
relaxed way. Complete your examination of the chest cavity by noting that blood from three 
dorsal veins including the posterior vena cava join together beneath the heart to form the sinus 
venosus. This feeds blood from the body into the right atrium (on your left!). The left atrium 
(on your right) receives oxygenated blood from the lungs. The ventricle pumps blood into the 
conus anteriosus passing ventrally over the right atrium. It then divides into branches including 
the dorsal aorta. 

Make a diagram of the chest cavity of your frog and label it completely. 
rib cage 
lung 
pericardium 
atrium 
ventricle 
diaphragm 

The purpose of a circulation system is to move materials about, and you have seen capillaries 
and the heart doing some pumping. What remains to be seen is how these parts are connected. 
With a tuberculin syringe filled with 2% Sodium Fluorescein, inject directly into the beating 
ventricle about 0.1 mL of dye. Wait for a few contractions before removing the needle (to avoid 
too much dye flooding). Don protective safety glasses and proceed to the darkroom to observe 
your frog under ultraviolet (UV) light: DANGER! UV light can sunburn your retina within 
seconds!! You must wear the goggles!   

The dye   has    has not   been distributed through capillaries to remote parts of the body. 

Even after all this time, the heart muscle is   still    no longer   distributing blood to the body. 
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