
FETAL PIG ANATOMY

INTRODUCTION

 In the following laboratory exercise, you will examine in some detail the external and internal anatomy of a fetal pig (Sus scrofa).  As the pig is a mammal, many aspects of its structural and functional organization are identical with those of other mammals, including humans.  Thus, a study of the fetal pig is in a very real sense, a study of humans.

The fetuses you will use in the following weeks were salvaged from pregnant sows being slaughtered for food.  They are not raised specifically for dissection purposes.  The fetuses are removed from the sow and embalmed with a preservative, which is injected through the umbilicus.  Following this, the arterial and venous systems are injected under pressure with latex, a rubber-like compound.  Arteries (red) are injected through the umbilicus; veins (blue) are injected through one of the jugular veins at the base of the throat.

With the possible exception of the abdominal cavity, organs rarely appear as they are presented in a diagram.  If the purpose of this exercise were simply to have you memorize diagrams (or computer screens), we would do only that and bypass the expense, time, and controversy of dissecting!  Dissection is a powerful teaching method, especially for concrete thinkers and visual learners.  Only by dissecting can you really appreciate the structural and functional role of the many membranes, mesenteries, and connective tissues that will impede your progress every step of the way.  Only by dissecting can you really appreciate the relationship between an organ's texture, location, and function.  I do not take the life (or death) of your pig specimen lightly – this is why I demand that you take your dissection seriously and utilize your pig to the fullest extent possible.

 During these exercises, keep several points in mind.  First, be aware that "to dissect" does not mean "to cut up," but rather primarily "to expose to view."  Actual cutting should be kept to a minimum.  Tissues are picked and teased apart with needle probes, forceps, and blunt probes in order to trace the pathways of blood vessels, nerves, muscles, and other structures. Never cut or move more than is necessary to expose a given part.  Second, pay particular attention to the spatial relationships of organs, glands, and other structures as you expose them.  Realize that their positions are not random.  Third, we encourage you to engage in collaborative discussions with your classmates and compare dissections.

 If you wish to explore your pig more thoroughly and identify additional structures (e.g., blood vessels), please do! By the end of this exercise you should have a very good grasp of the connections between physiological processes and organ structure/function.

 At the end of each major section, we have produced a set of questions (Think about it). Additionally, there are boldface questions scattered through the text.  Make sure you figure out the answers to these questions before moving on.  All are fair game for the exam.

SAFETY AND HYGIENE

· Practice safe hygiene when dissecting.  Do not place your hands near your mouth or eyes while handling preserved specimens.  Although most of the preservatives in use today are non-toxic to the skin, they may cause minor skin irritations.  If the preservative gets on your skin, wash with soap and warm water.

· Wear lab goggles. If the preservative gets in your eyes, rinse them thoroughly with the safety eyewash.

· Wear lab gloves.  Medium, and large sizes are available.  These gloves are expensive--please don't waste them.

· Lab gloves and paper towels go in the regular trash.  Skin and pieces of pig go into the plastic bag at the front of the room (not in the sink or trash).

· After bagging your pig and placing it in the box, rinse your tray and stack it neatly by the sink.  Wipe up your station.

MATERIALS

· fetal pig

· dissecting tray

· dissection kit (scissors, scalpel, blunt probe, needle probe, forceps)

· lab gloves

· paper towels

· string

OVERALL OBJECTIVES

· Perform a whole-body dissection of a vertebrate.

· Identify the major anatomical features of the vertebrate body in a dissected specimen.

· Understand the relationship between structure and function in the vertebrate body and relate concepts covered in lecture to structures found in your pig.

· Understand mammalian fetal circulation from a mechanical, physiological, and evolutionary perspective.

· Apply knowledge and understanding acquired to problems in human physiology.

· Apply knowledge and understanding acquired to explain organismal adaptive strategies.

EXTERNAL FEATURES (NO CUTTING NECESSARY)

1. Determine the anatomical orientation of your specimen.  Locate the following areas:
· dorsal:  toward the back of the body

· ventral:  toward the underside of the body

· anterior (cranial):  toward the head end of the body

· posterior (caudal):  toward the tail end of the body

· lateral:  to the side of the body

· median:  toward the center of the body

· right and left:  the pig's right and left, not yours!

· proximal or basal:  closer to the trunk

· distal:  farther from the trunk

· superficial:  lying closer to the body surface

· deep:  lying under or below

2. Note the thin peeling layer of tissue covering the body of your pig.  This layer is the epitrichium, a layer of embryonic skin that peels off as hair develops beneath it.

3. Identify the following regions of the body:

· head (cranial) region

· neck (cervical) region

· trunk region (thoracic region)

· tail (caudal) region (abdominal region)

4. Head:  Find the following:

· pinna (auricle):  external ear

· external nares (nostrils)

· upper and lower eyelids

· nictitating membrane (third eyelid)

5. Trunk:  The terms sometimes used to describe the trunk vary whether one is discussing the dorsal or ventral surface.  

· The trunk can be described using the terms associated with the vertebral column:  thoracic (rib), lumbar (lower back), and sacral (pelvic) vertebrae.  

· Ventrally, the abdominal region dominates the area posterior to the thorax.  

· Note the umbilical cord; it connects the fetus to the placenta of the mother and later becomes the navel.

6. Appendages:  Examine the legs of your pig.  Locate the following:

· On the forelimb find the shoulder, elbow, wrist, and digits.

· On the hindlimb find the hip, knee, ankle, heel, and digits.

7. How to determine the sex of your pig:

· Female:  Look for a single urogenital opening just ventral to the anus.  A prominent genital papilla projects from the urogenital opening. 

· Male:  Look for the scrotum, a sac-like swelling containing the testes and located ventral to the anus.

DIGESTIVE SYSTEM

Introduction: 

The digestive system of mammals consists of the alimentary canal (mouth, oral cavity, pharynx, esophagus, stomach, small intestine, large intestine, rectum, anus) and other associated structures/organs/glands (salivary glands, gall bladder, liver, pancreas).

The cavity behind the teeth and gums is the oral cavity.  Note the papillae on the tongue.  These provide friction for food handling and contain taste buds.  Like all young mammals, fetal pigs have milk teeth (baby teeth) that are later replaced by permanent teeth. 

The Mouth and Surrounding Areas:
Internal Anatomy of the Digestive System

As you prepare to open up your pig, remember that most internal organs, including the digestive system, are located in the body cavity, or coelom. Coelomic fluid fills the space between membrane layers.  This moisture acts as a lubricant, allowing organs some degree of easy movement.  The organs are connected to each other and to the inner body wall by thin sheets of connective tissue called mesenteries, which suspend the organs and provide bridges for blood vessels, nerves, and ducts.

1.  Begin your incision at the small tuft of hair on the upper portion of the throat and continue the incision posteriorly to approximately 1.5 cm anterior to the umbilicus.  You should cut through the muscle layer, but not too deeply or you will damage internal organs.

2.  Whether your pig is male or female, make the second incision as a half circle anterior to the umbilicus and then proceed with two incisions posteriorly to the region between the hindlimbs.  If you have a male, be careful not to cut deeply into the scrotum.

3.  Deepen incisions 1 and 2 until the body cavity is exposed.  Make incisions to produce lateral flaps that can be folded back.  Pour excess fluid into the waste container and rinse out the body cavity.

4.  Just below the lower margin of the rib cage, make a fifth incision laterally in both directions.  This should expose the diaphragm, which separates the thoracic and abdominal cavities.  Using your scalpel, free the diaphragm, but do not remove it.

5.  Carefully peel back the flaps and pin them beneath your pig.  It may be necessary to cut through the ventral part of the rib cage (very carefully) with a pair of scissors to separate the upper flaps.

6.  Carefully remove any excess latex. To free the umbilicus, cut through the umbilical vein approximately 1 cm from where it enters the liver.  The fifth flap can now be laid back and pinned.  Do not cut off this flap--it contains important organs that we will examine later!!

7.  Examine the neck, thoracic, and abdominal regions of your pig.  First find the thymus gland, which partially covers the anterior portion of the heart and extends along the trachea to the larynx.  The thymus plays an important role in the development and maintenance of the immune system – this is where white blood cells mature into antibody-producing T-lymphocytes. 

· Immediately beneath the thymus in the neck is the thyroid gland, a small, solid, reddish, oval mass.  The thyroid secretes thyroxine, which in mammals influences the metabolic rate of cells, which in turn influences growth and development. The parathyroid is not a discrete organ in mammals – parathyroid tissue is embedded in the thyroid.

· In the neck find the trachea and use it as a landmark to locate the esophagus.  Make a small incision in the esophagus in the throat and insert a blunt probe anteriorly; note where it emerges in the oral cavity.

8. Insert the blunt probe through this incision posteriorly toward the stomach (you will need to move the liver to one side to fully expose the stomach).  Note that the esophagus penetrates the diaphragm before entering the stomach.  Cut open the stomach lengthwise with your scissors.  The contents of a fetus's digestive tract is called meconium, composed of a variety of substances including bile stained mucus, amniotic fluid, sloughed epithelial cells, and hair.  Clean out the stomach and note the folds (rugae). Many glands that secrete pepsinogen and hydrochloric acid are embedded in the wall of the stomach.

 9. Locate the caecum, a small blind-ended sac found at the juncture of the ilium and the colon (large intestine).  This juncture is also the site of the ileocecal valve.  Feel for it by rolling the junction between your index finger and thumb.  In the pig, the caecum houses bacterial symbionts that help break down cellulose (a major component of plants) – much in the same way that gut protozoans in termites allow the termites to eat wood.  Many herbivorous mammals (pigs, horses, rodents, rabbits) use "hindgut fermentation" in the caecum to digest cellulose. In humans the caecum is known as the appendix and is not used in digestion. 

RESPIRATORY SYSTEM

Introduction:

The respiratory system is responsible for bringing a fresh supply of oxygen to the blood stream and carrying off excess carbon dioxide.  In mammals, air enters the body through the external nares and enters the nasal cavities dorsal to the hard palate. As air passes through these convoluted cavities, it is humidified and warmed to body temperature and dust is caught in the mucus of the membranes that line the cavities.  Air moves from here into the nasopharynx, where it passes through the glottis into the larynx.  

1.  Carefully cut the soft palate longitudinally to examine the nasopharynx of your specimen.  The larynx is a hard-walled chamber composed of cartilaginous tissue.  In the course of hominid evolution, the larynx has moved downward (caudally).  As a result, human vocalizations tend to come out of the mouth, where the tongue can manipulate them.  In chimps, the larynx is higher in the throat, with the result that vocalizations are very nasal (and thus less controllable and understandable).  Our descended larynx comes with a price – it makes choking on food far more likely.  Interestingly, human babies retain an elevated larynx.  It makes baby talk difficult, but it also allows babies to nurse and breathe at the same time.

2.  Slit the larynx longitudinally to expose the vocal cords.  The vocal cords are elastic ridges that stretch across the space within the larynx.  When air passes over the vocal cords during exhalation, the cords vibrate and produce sound. In adult humans, laryngitis results from viral infection of the vocal cords.  They swell and regular speech is difficult to impossible. 

3.  Read the following information about the respiratory system.  However, do not attempt to identify structures other than the trachea until you have exposed the heart and its major vessels (see Circulatory System further below).

· The trachea, distinguished by its cartilaginous rings (incomplete on the dorsal side), divides into the two bronchi (singular bronchus), which enter the lungs and divide into bronchioles (don’t try to find the bronchi until you’ve finished examining the heart and its major vessels).  Bronchioles terminate in alveoli, where gas exchange takes place. The right lung typically consists of four lobes and the left of two or three.  How many does your pig have?  The lungs in your fetal pig are small and fairly solid because they have never been inflated.  Inflation causes lungs to have a spongy appearance.  Note the position of the diaphragm in relation to the lungs.  Contraction of the diaphragm enlarges the thoracic cavity and pulls air into the lungs.  Remember that only mammals have a true muscular diaphragm; other terrestrial vertebrates use a variety of methods to inflate their lungs.

· Examine the lungs and note the pleural membranes (one lining the inner surface of the pleural cavity and the other covering the outer surface of the lung).  As mentioned earlier, the intrapleural space is filled with fluid.  This fluid allows the membranes to slide freely across each other, much like two wet panes of glass (easy to slide, hard to separate), and allows them to maintain contact.  This ensures that the lungs will inflate when the thoracic cavity expands as a result of diaphragmatic contraction or expansion of the rib cage.

· When neonatal mammals inhale for the first time, their lungs inflate.  When they then exhale, the lungs don’t deflate all the way.  That’s because pulmonary surfactants reduce the surface tension of water (just like soap does – you can float a bottlecap on water until you add a surfactant like soap).  In this case the water is in the form of a film that coats each and every alveolus.  If it weren’t for these surfactants, the surface tension of this layer would collapse the delicate alveoli – causing the lungs to “collapse” after each breath.  The lungs produce this surfactant during the last part of pregnancy. 

CIRCULATORY SYSTEM

Introduction:

The circulatory (or cardiovascular) system is responsible for transporting nutrients, gases, hormones, and metabolic wastes to and from individual cells.  Actually, the loading and unloading take place in capillaries.  Oxygen is added to the blood (and carbon dioxide removed) in the capillaries of the lungs.  In the capillaries of the small intestine, nutrients are added to the blood, while in the capillaries of the kidneys the blood is cleansed of various metabolic wastes and excess ions.

 In mammals, the circulatory system is divided into a pulmonary circuit, which involves blood flow to and from the lungs, and the systemic circuit, which involves blood flow to and from the rest of the body.  Your pig has been doubly injected (red for arteries, blue for veins).  However, note that in reality, arteries and veins are defined by the direction of blood flow, not by the oxygen content of the blood contained therein.

1. The Heart

You may remove as much thymus as you need to in order to view the heart.  Carefully remove the pericardial sac from the heart.  In living animals, the pericardial cavity is filled with fluid that acts as a shock absorber to protect the heart from injury.  Identify the coronary artery and coronary vein lying in the diagonal groove between the 2 ventricles. In an adult mammal (fetal circulation will be discussed below), deoxygenated blood flows into the right atrium from the anterior and posterior vena cavae.  It then makes the following circuit:  right ventricle, pulmonary trunk, pulmonary artery, lungs, pulmonary vein, left atrium, left ventricle, aortic arch, aorta, and on into the systemic circulation.  

2.  Major veins of the systemic circulation, anterior to the heart

Following the path of deoxygenated blood, find the external jugular vein, which drains the head and neck, and the internal jugular vein, which drains the brain. The jugular veins meet with the subclavian vein to form the brachiocephalic vein.  The right and left brachiocephalic veins join to form the anterior (cranial) vena cava. 

Viewing the major thoracic arteries may require moving (but not removing) some of the thoracic veins (attempt the former before resorting to the latter since you will see them on the lab practical).  Like the veins, however, there is a great deal of variation in the branching patterns of the brachiocephalic trunk and the left subclavian artery.  The first large vessel that branches from the aortic arch is the brachiocephalic trunk.  This artery soon branches into the right subclavian and the common carotid arteries (as well as sending vessels along the inner and outer walls of the rib cage).  The subclavian arteries carry blood to the forelimbs, the carotid arteries carry blood to the head.  The carotid branches into an internal carotid, which goes to the brain, and the external carotid, which goes to the face.  In desert-dwelling ungulates, the internal carotid forms an arterial "capillary" bed (rete) over the nasal passages and then reforms the carotid artery and delivers blood to the brain.  Because the nasal passages represent the intersection of hot dry outside air and moist internal body surfaces, a great deal of evaporative cooling takes place there.  Instead of expending energy (and water) to cool their entire bodies, these mammals can allow their bodies to heat up to brain-damaging temperatures while their brain's blood stays cool. 

3.  Major arteries of the systemic circulation, posterior to the heart 

Move the internal organs to view the pig’s left kidney area.  Pick away the connective tissue to expose the aorta just below the diaphragm and find the coeliac artery.  It branches off the aorta to supply the stomach, spleen, and liver. Just posterior to the coeliac artery, you will find the cranial (superior) mesenteric artery, which supplies the pancreas and small intestine.  Watch out!  Make sure you find the crescent-shaped adrenal gland before you go digging for the cranial mesenteric artery.  Don’t worry.  Your pig has two, so you can look at the adrenal on the right later.  Also note the lobe of the pancreas situated just ventral to the cranial mesenteric. 

At the kidneys, short renal arteries supply blood to the kidneys.  At the caudal end of the abdominal cavity, you can see several branches of the aorta.  The external iliac arteries are the main arteries of the hindlimbs.  The tiny internal iliac arteries, which supply the rectum and hip, can be found where the aorta branches to form the two umbilical arteries.

4. Major veins of the systemic circulation, posterior to the heart

In the lower abdominal cavity, find where the external iliac vein and internal iliac vein join to form the common iliac vein.  The right and left common iliac veins then join to form the posterior vena cava. Find the renal veins.

UROGENITAL SYSTEMS

Excretory System

Introduction:

The bean-shaped kidneys perform two functions.  First, they continuously remove metabolic wastes from the blood (primarily urea resulting from the metabolism of amino acids in the liver).  Second, they monitor and adjust the composition of the blood (particularly water and salts) so that the cells of the body are bathed in a fluid of constant composition.  Although the kidneys are situated below the diaphragm, they are actually located outside the peritoneal cavity (dorsal to the parietal peritoneum, the membrane that lines the abdominal cavity).  

1. Carefully cut one of the kidneys in half longitudinally (slice it as though you were separating the two halves of a lima bean).  Within the kidney, the ureter expands to form a funnel-shaped chamber called the renal pelvis.  The dark kidney tissue that you see extending into the renal pelvis is known as medullary tissue (medulla). The medulla is characterized by high solute concentration, so when "pre-urine" flows down the loops of Henle, water flows out of the loops and into the medullary tissue.  The net result of this (and a few other processes of the medulla) is that the "urine" becomes increasingly concentrated.  In humans, the kidneys filter 1500 liters of blood a day, producing only about 1.5 liters of urine in that time.

To follow the urethra to the urogenital opening, you will have to also examine the reproductive system, as they are linked together.  Examine the urogenital system in your pig.  Then examine a pig of the opposite sex.  You are responsible for both male and female anatomy.

To examine the urethra and the reproductive structures fully, you will need to carefully cut through the pelvis (pubic bone or pubis) of your pig.  Don’t make this cut without consulting me.  Make sure you keep your cut slightly to the left or right of the midline to avoid cutting important structures.

Female Reproductive System

 In the female, the opening of the urogenital sinus / vaginal vestibule lies directly ventral to the anus.  It is bound laterally by low folds - the labia, which come together ventrally to form a protruding genital papilla.  The clitoris, a small body of erectile tissue on the ventral portion of the urogenital sinus, may be visible.  The clitoris is homologous (similar in structure and developmental origin) to the male penis.  In the male, the tissues of the penis develop around and enclose the urethra, while in the female the urethra opens posteriorly to the clitoris. Within the body of the female, the urethra is bound by connective tissue to the vagina.  Gently separate this tissue.  The vagina and the urethra join together about 1 cm from the exterior body opening to form the urogenital sinus / vaginal vestibule.  This structure is not present in adult females--separate external vaginal and urinary openings begin to develop after birth as the urogenital sinus shrinks.

Trace the vagina anteriorly to the cervix, a slightly constricted region of tissue that leads to the uterus. The uterine body branches anteriorly into two uterine horns (pigs and many other mammals have a bicornate uterus; humans have a simplex uterus).  Another feature of uterine horns is the production of litters (incidentally, pigs are the only ungulates that produce litters).  Trace the uterine horns to the oviducts, where fertilization normally takes place.  These tubes are much smaller than the horns and lie extremely close to the ovaries.  The ovaries are the sites of egg production and the source of female sex hormones, estrogen and progesterone.  Every egg (actually primary oocyte) that a female pig (or human) will ever produce is already present in the ovary at the time of birth. 

Male Reproductive System

Bear in mind that the testes, the site of sperm and testosterone production, are found in the scrotum in older fetuses, but may remain undescended within the body cavity in younger fetuses.   The following instructions/discussion assumes descended testes.

First, make a midline incision into the scrotum.  Pull out the two elongated bulbous structures covered with a transparent membrane.  This membrane is actually an outpocketing of the abdominal wall.  The gubernaculum is the white cord that connects the posterior end of the testes to the scrotum wall.  It grows more slowly than the surrounding tissues and thus "pulls" the testes into the scrotum.

Cut through the tunica vaginalis to expose a single testis and locate the epididymis, a tightly coiled tube along one side.  Sperm produced in the testis mature in the epididymis until ejaculation.  Unlike females, male mammals are not born with a lifetime supply of gametes.  Sperm are produced only after puberty, but then continue to be produced for the rest of the life of the male.  Cells within the testis (but not those that give rise to sperm) are responsible for the production of testosterone.  Evidence suggests that sperm may not be recognized as “self” by the immune system and must therefore be protected.  Not only is there a blood/testis barrier (just like there is a blood/fetus barrier in females), but also the immunosuppressive characteristics of testosterone are no accident.  The testosterone produced within the testes by the interstitial cells that physically surround the spermatogenic cells provide a strong defense.

 The slender elongated structure that emerges from each testis is the spermatic cord.  It goes through the inguinal canal (actually an opening in the abdominal wall connecting the abdominal cavity to the scrotal cavity).  It is through this canal that the testes descend.  The spermatic cord consists of the vas deferens (plural vasa deferentia), the spermatic nerve, and the spermatic artery and vein. The vasa deferentia are severed in a vasectomy.

Expose the full length of the penis and its juncture with the urethra.  Make an incision with a scalpel through the muscles in the midventral line between the hindlegs until they lie flat.  Carefully remove the muscle tissue and pubic bone on each side until the urethra is exposed.  With a blunt probe, tear the connective tissue connecting the urethra to the rectum, which lies dorsal to it. Locate the seminal vesicles on the dorsal surface of the urethra where the two vasa deferens enter.

Think about it – The Urogenital Systems (Answer in your science journal)
1.  Why do most male mammals have testes in an external sac (scrotum)?
2.  Some human males develop an inguinal hernia, a condition in which part of the intestine drops through the inguinal canal into the scrotum.  Pigs and other quadrupeds do not develop inguinal hernias.  Why not?

3.  Although you may not be able to distinguish it, the thoracic cavity of your pig contains brown fat.  This is a special type of adipose tissue that, when metabolized, produces a great deal of heat (it’s chock full of mitochondria).  Birth triggers the metabolism of brown fat in mammalian neonates.  Why does a newborn mammal need such a heat source?

LAB WRAP-UP

1. Wrap your pig in damp paper towels and put it in a plastic bag marked with your group members’ names and block.  Put your pig in the designated area.

2. Clean your dissection tools with soap and water in the sink.  Dry with paper towels and place back in the dissection case.  DO NOT let pig parts go down the drain – they should be placed in the designated place in the classroom – NOT in the trash.

3. Clean your dissection tray with soap and water.  Dry with a paper towel and set it on the counter near the sink.

4. Wipe up your lab area with paper towels.  Check the floor for lost dissection tools and stray pig parts.

5. Safety goggles should be returned to the designated place in the classroom.

6. On the last day of the lab, aprons and gloves may be thrown away in the regular trashcan.

MSAT ADVANCED BIOLOGY

FETAL PIG ANATOMY LAB

Lab Assignments:

1. Dissection: You will dissect a fetal pig and identify the components of the major body systems.

2. Reflections: You must complete a typed reflection regarding the dissection.  Drafts/notes may be written in your journal.

· Before

· During each day of the lab

· After completing

3. Science Journal: You will draw your observations in your journal. 

· Complete drawing of EACH system

· Add color and more details before you turn it in

· Answer “Think About It” questions (on handout) for each system
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