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Prefuce __________________________________________________ __ 

VOLUME 3 continues the presentation ofthe systems of the body. As in volume 2. we ' ll look at a 
specific system' s anatomy and physiology. conditions affecting that system. and drugs used to treat 
those conditions. -

Unit I covers the endocrine system. We start by classifying glands and their secretions. Next. we look 
at honnones and their effects on the body. Endocrine conditions. such as diabetes. and adrenal conex 
disorder. as well as menopause and the drug therapies to treat these conditions are covered next. 

Unit 1 dives into the digestive system. We take a trip down the alimentary canal. discussing its 
structures and the accessory organs along the way. We then set what can go wrong--ulcers. 
constipation. and diarrhea. Treatment for each of these is then discussed. 

Unit 3 looks at the urinal')' system. This is a shon unit. talking about the kidneys. bladder. and 
. excrc10ry organs and the conditions effecting them. Only three classes of drugs are discussed here. 
antisp~modics. analgesics. and alkalinizers. , 
Code numbers on fig~res are for preparing agency identification only. 

The use of a name of any specific manufacturer. commercial product commodity. or service in this 
publication does not imply endorsement by the Air Force. 

To get a response to your questions concerning subject maner in this course. or to point out technical 
errors you find in the text. unit review exercises. or course examination call or write the author using 
the contact infonnation on the inside front cover of this volume. 

NOTE: Do bot UK the IDEA Program to submit corrections for printiqg or typographical errors. 

Consult your education officer. training officer. or NCOIC if you have questions on course 
enrollment or administration. Jour K~' 10 a Successful Course. and i~gularities (possible scoring 
errors. printing: errors. etc.) on the unit review exercises and course examination. Send questions these 
people cannot answer to AFIADUDOI. SO South Turner Blvd. Maxwell AFB. Gunter Annex AL 
36118-5643. on our Form 17. Student Request for Assistance. You may choose complete Form 17 on 
the Internet at this site: hnp:/fwww.maxwell.af.mil/.fiadl/registrarJdownload frJmn. 

This volume is val.ued at 12 hours and 4 points. 
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NOTI:: 

In this volume. the subject matter is divided into self-contained units. A unit menu begins each uniL 
identifying the lesson headings and numbers. After reading the unit menu page and unit introduction. 
study the section. answer the self-test questions. and compare your answers with those given at the 
end of the unit. Then do the unit review exercises. 
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D o you know someone who has diabetes? Have you ever seen a giant or a dwa~ If you have. 
then you have witnessed visible proof of the imponance of the endocrine system for normal 
development and health. This unit discusses the anatomy and physiology of the endocrine 

system. the conditions associated with the endocrine system, and the drugs used to treat those 
conditions. 

I-I. Anatomy. Physiology. and Disorders oftbe Endocrine System 
The endocrine system has the same general function as the nervous system: communication and 
control. The main difference is that the nervous system provides rapid. brief control by fast-traveling 
nerve impulses. 'and the endocrine system provides slower. but longer-lasting control by hormon~s 
(chemicals) secreted into and circulated by the blood. This section begins with the classification of 
secretions and glands. followed by endocrine glands and their hormones. the adrenal glands and their 
honnones. and finally some other honnone •. producing orpns. The last topic we'lI discuss will be 
endocrine disorders. 

400. Tb~ classification of secretioDs aDd glands 
Any organ that produces a secretion is called a gland. Secretions art substances manufactured from 
blood constituents by the specialized cells that fann the gland. The various@:lands' secretions can be 
divided into two main poups, external secretions and internal secretions. 

External srcrrtions 
These secretions art carried from the gland cells to a nearby or@:lnortothebody's surface. They art 
effeclin in a limited area near their ori@:in. Some ofthcse secretions are: 

• Digestive juices. 

• Secretions from the sebaceous gJands of the skin. 

• Tears frof!' the lacrimal glands. 

• Urine (both a secretion and an excretion). 

Internal secrrtioDs 
These secretions are carried 10 all pans of the body by the blood or lymph. They often affect tissues a 
substantial distance from their point of origin. Internal secretions are called hormonrs. Hormones and 
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the glands that produce them are the main topic of this section. There are two categories of ~Iands: 
exocrine glands and endocrine glands. 

Exoc,.ine glands 

These glands have lubes. known as duels. 10 carT)' the secretion from the gland to another organ or 
pan of the body. 

Endocrine (ductless) glonds 

These glands have no ducts. (fig. 1-1) and therefore are dependent upon the blood and lymph to carry 
their secretions to various body tissues by way of capillaries of tile glandular tissue. 

From time to lin ~ the lymph nodes arr spoken ·of as glands (such 8:'. the "neck glands.'" which are 
actually nodes); but as far as is known the lymph nodes produce no secretions. 

The endocrine glands produce only internal secretions (hormones), but there arc some organs that 
contain both exocrine and endocrine gland tissue. Some examples arc the pancreas. stomach. and 
small infestine. They all produce external excretions (digestive julc:s) and internal secretions 
(hormones). The following paragraphs discuss the endocrine @lands.thehonnones produced. and 
their principal function. 

Structure of glands 

Endocrine glands differ in complexity from VeT)' simple depressions similar to tiny dimples to 
involved arrangements like those found in the kidneys. The stomach wall and intestinal lining house 
simple wbe·like structures. The liver. pancreas., and salivary glands art home to complex. treelike 
groups of ducts. The majority of glands are made largely of epithelial tissue with 8 framework of 
connective tissue. There may be a fibrous envelope: (8 tough connective tissue capsule) enclosing the 
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organ. with extensions into the organ forming partitions. Between these partitions arc groups of cells. 
and thesc units arc known as lobes. 

Like exocrine glands. most endocrine glands are made of epithelial tissue. Since they do not have 
dUCIS, they seem to make up for this lack by a most extensive blood vessel network. Surgery of 
endocrine glands. such as on the th~TOjd. requires carc in the control of bleeding: . The o;pns thought 
to have the richest blood supply of any in the body are the tiny adrenal. or suprarenal glands located 
near the upper partS of the kidneys. 

General junelions of hormones 

Chemical substances manufactured by the endocrine glands al"!' called hormones. Their overall 
function is to regulate the activities of various body organs. On onc hand. the action of hormones can 
be compared with the nervous system. Hormones are sometimes called "chemical messengers:' 
Cenain hormones stimulate exocrine tissues 10 produce their secretions. Another category of hormone 
stimulates other endocrine glands to action. Some hormones have a profound effect upon growth. 
development, and even the personality of an individual. There are others that regulate the body 
chemistry: for example. the metaboliSm of cells. Others regulate the contraction of muscle tissues. 
The actions of each hormone are specific: in other words. each hormone has its. specialized joe to do. 

401. Endocrine glands and their hormones 
This lesson discusses the pituitary or "master gland." the thyroid gland. the parathyroid glands. the 
adrena l glands. and the sex glands. 

Tbe pituilary or "masler gland'" 
The pituitaT)' is a small gland about the size of a cherry. It is almost totally surrounded by bone except 
for its area of connection with the brain. It is located in a saddle-like depressionjuSl behind the point 
of optic nerve crossing. in the mid-line. The pituitary gland has two imponant parts. each of which 
produces several different hormones. They are known as the anterior and posterior lobes. 

The tlnterior 10k 
The anterior lobe-of the pituitary gland produces a larte number of hormones. Many of these 
hormones stimulate other glands: that is why the pituitary is known as'1fle "master gland." Its main 
hormones are the growth hormone. th)TOid-stimulating hormone. adrenocorticotropic honnone. 
gonadotropic hormone. and prolactin honnone. 

T ypes of Hormones 

Grow1h honnone or somatotropic 
. hormone 

Thyroid-stimulating or thyrotropic 
hormone 

Adrenocorticotropic hormone 
(ACTH) 

Gonadotropic hormone 

Prolactin or lactogenic honnOM 

Th~ posterior lob~ 

HorrrJG,t,.. 

I Functions 

I. Stimutates growth of bones. musdes, and other organs. 

I. ls produced in varying amounts thrDughO:Ut life . 

; A person born with 8 deficiency of thCs hormone will remain. small, 
! thOugh weil-proportioned. mMdu.1 unless Ire.ted with adequate 
~ hormones. 

; Stimulates the thyroid gland. 
i 
! Stimulates the cortex of the adrenal gland. 
I 

i Regulates the growth. development • • nd functioning of the 
I reptOdudive systems in both the male and female. 

! Stimulaleslhe produetion of milk in the female. 

The posterior lobe of the pituitary ,land stores and releases two honnones. The two honnones are 
produced in the hypothalamus and then trickle down nerve fibers to the posterior lobe. The two 
hormones are known as antidiuretic hormone and oxytocin . Antidiuretic hormone promotes Ihe 

. , 
.J 
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reabsorption ofwatcr from the kidney tubules and thus decreases the excretion of water. Large 
amounts of this hormone cause contraction of the smooth muscle of blood vessels and raise blood 
prC'ssu~. Inadequate amounts of this honnone causC' excessive loss of water and results in a disorder 
known as diabetes insipidus. This type of diabetes should nOI be confused with diabetes mellitus. 
which is an inadequate amount of insulin. -_., 
Oxytocin causes contraction of the muscle of the uterus and also causes milk ejection from the 
breasts. Under cenain circumstances. commercial preparations of th is hormone are administered 
durin~ and after childbinh to cause the uterus to contract. 

The rhyroid eland 

The thyroid ~land is the largest of the endocrine ,.lands and is located in the neck . The thyroid gland 
hI; two oval pans called the IQlerallo~s. one on either side of the voice box. The iSlhmus. a narrow 
band. connects these two lobes. The whole !Iand is encased in I connective tissue capsule. The 
thyroid produces honnonC's: the main honnone is called Ihyroxin. It also produ~s a honnone known 
as calcilonin. which is actin in calcium metabolism and will be discussed in connection with the 
parathyroid !land. The main function of thyroid honnones is to re!ulate n,' .abolism for the 
production of heat and energy in the body tissues. There must be an adequate amount of iodine in the 
blood for these honnones to be manufaCtured. This iodine content is maintained by eating vegetables 
grown in iodine-containing soils. or by eating seafood. In certain regions of Italy and SwiaerJand. as 
well as some pans of the United States, the soil is so deficient in iodine that serious defects may result 
in the peopl~ who live in these areas. Iodized sah may be used 10 prevent difficulties. 

The thyroid function tests that are most often used are blood tests that measure the uptake of 
radioactive iodine in a blood sample. The type of radioactive iodin~ used in the test detcnnines the 
name of the teSt. If these up-take testS are abnonnal. the pcr50n may have funher testing where 
radioactive iodine is taken b)' mouth and the radioactivity of the th)TOid gland measured. 

The parathyroid glaads 

Embedded in a capSUle. behind the thyroid gland. there are four tiny epithelial bodies known as the 
parathyroid glands. ParOl#Jormone is the secretion of the pantbyroid glands. PaJathonnone is one of 
three honnones involved in the regulation of calcium metabolism. The other two are colcilonin and 
hydroxycholecalciferol. Parathormone causes the release of calciwn from storage areas in bone tissue. 
conscQuently increasing the amount of calcium circulating in the blood suam. Calcitonin is produced 
in the thyroid gland. It acts to lower the amount of calciwn circulating in the blood. 
Hydroxycholecaliferol is produced from vitamin D. Aficr first being modified by the liver and then 
the kidney. it rer:ulates the absorption of calcium by the intestine. 

The adreul glaads aad tbrir honnoDeS 
There arc two small r:lands. each one situated above a kidney. known as the adnnals. or suprarenals. 
An adrenal ,land bas two separate pans. each of which has a gland. The medulla is the inner area. and 
the COrtex is the outer ponion. . 

The medulla's hormona 
Epinephrine. which"we have alrudy discUssed. is the main hormone produced by the medulla. It is 
also known as adrenaline. Norepinephrine. another hormone. is closely related chemically to 
epinephrine and is similar. but not identical. in its actions. These hormones arc referred to as the 
"fight and flip:ht"" honnones du,e to their effects during emergency situations. Some of their effects arc 
as follows: 

I. Stimulation o(the sympathetic nerves that supply the involuntary muscle in the walls of the 
anerioles. This causes these muscles to contraCt and the person' s blood pressure to rise 
correspondingly. 



2. Conversion of the glycogen of the liver into sugar. It is then poured into the blood and 
brought to the voluntary muscles. allowing them to do an amazin£ amount of work. 

3. Rate of me heartbeat is increased . 

4. Bronchiole dilation. through relaxation ofthe smooth muscle oflheir walls. 

Th~ "dr~nal con~"s I,ormonrs 

1-: 

There art three main groups of hormones secreted by the adrena l cortex: thc glucocorticoids. the 
mineraloconicoids, and the sex honnones. Each of these groups perfonns certain specific functions. 

Glucoconjcojds 

This group of hormones maintains the carbohydrate reserve o(the body. They do this by contro.lling 
the conversion of amino acids into sugar instead of protein. Glucocorticoids are produced in larger 
amounts in times of stress, there b)' aiding the body in responding 10 unfavorable conditions. These 
honnones have the ability to suppress the inflammatory response. They are often administered as 
medications for this purpose. The major hormone of this group is conisol. 

Minrraloconicoids 
This group of hormones is important in the regulation of electrolyte balance. They do this b}' 
controlling the reabsorption of sodium and the secretion of potassium by the kidney tubules. 
Aldosterone is the major hormone of this group. 

SrxhormoMs 
This group of hormones is nonnally secreted in small amounts so that their effect in the body is 
slight. 

NOTE: Once again, it should be mentioned that production of these hormones by the adrenal conex 
is stimulated by AClli from the "master gland" (pituitary). The pituitary @land is stimulated by 
impulses from the hypothalamus. The endocrine glands art not only interrelated so they affect each 
other. but research has shown r;:omplex nervQus and honnone connections. 

The pancreas and insulin 

There are small groups of specialized cells called islets scattered throughout the pancreas. They are 
a\so known as the islands ojLangerhans. These islets function independently, and are nOI connected 
with the ducts that supply the exocrine part of the pancreas. insulin is the most imponant hormone 
secreted by these islets. 

Insulin is active in .@:Iucose transport across the cell membrane. Once ,Iucose is inside the cell, it can 
be used for cnergy metabolism. When insulin is present,. excessive amounts of carbohydl"lltes enter fal 
cells. where they are convened and stored as fat. Funhennore. insulin increases the transpon of 
amino acids into the cells and improves their use in protein manufacturing. When there is a lack of 
insulin. there is not enough glucose for cell metabolism: consequently. this causes an abnonnal 

. -,- - breakdown of proteins and fats. . 

Sugbnds 
Sex glands. including the ovaries of the female and the test~s of the male. are important endocrine 
structures. The honnones that these organs produce play an important role in the development of 
sexual characteristics. These sexual characteristics usually first appear in the early teens. They also 
play an imponant role in the maintenance of the reproductive apparatus once full development has 
been attained. Testostrrone is the hormone produced b)' the male sex ¥Iands. It is responsible for the 
functioning of cenain organs of reprod uction. The structures directly concerned wilh reprodUction are 
considered to be primary sexual characteristics. Additionally. testosterone is responsible for such 
secondary sexua l characteristics as the deep voice. and facial hair growth. 
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The hormones most nearly paralleling testosterone in their actions. in the female. are estrogens. 
Estrogens contribute to the development of the female sexual characteristics. They stimulate the 
development cflhe mammal)" glands. the ons~t of men sItuation. and the development and functioning 
oflhe n:productivc organs. 

One other hormone produced by the female sex glands is called progeslerone. This honnom~ aids in 
the normal development of pregnancy. 

402. Otber hormone produciag organs 

Kidaey 
The k.idney (juxtaglomerular apparaws) produces the hormones renin. hydroxycholccalciferol. and 
erythropoietin. Renin acts on the vascular system. Hydroxycholccalciferol is active in calcium 
metabolism. Erythropoietin stimulates red blood cell production. 

PlaccDta 

The placentQ produces various honnones during prernancy. These honnones caust changes in the 
uterine lining. later in pregnancy. they help prepare the breasts for lactation. Tests for pregnancy are · 
based on the presence of placental secretions. 

Thymus 

The IhymllS is the primary central organ of the lymphatic system. It is a single unpaired organ 
consisting ofrwo pyramid-shaped lobes. It is located in the mediastinum. extending up into the ~ck 
as far as the lower edge of the thyroid gland. The thymus produces honnones that stimulate the 
production ofsmalllymphoc)1C's. Lymphoc~C's function in the body's defense against infection. The 
thymus secretes a substance that is called lhyrlrasin (also known as thymic hormone). Thymosin 
promotes the gro\\-1h of peripheral lymphoid tissue. The thymus is most active during prerwallife and 
in infancy. 

Piacal body 
There is a small. flanened, cone-shaped structure located between the fWO pans of the thalamus., 
·called the pineal body. It produces the hormone tntlmo"in in a number of animals and possibly in 
humans. Melatonin. or some other honno~ from the pineal. is thought to regulate the release of 
cenain substances from the hypothalamus. These substances may in tum. regulate the secretion of 
gonadotropins from the pituitary. The pineal body of humans can be invaded by tumor tissue that can 
either increase the production of pineal hormon~ or can destroy the gland. The symptoms of these 
conditions indicate the possible role of the pineal body in ,ooadal activity. 

Hypo.balamus 
The hypolhalamw is located immediately above the pituilBJ)' gland. and produces subslances called 
"eurohormones. They are carried throuJh special btood vessel paIhways directly from the 
hypothalamus to the anterior pituitary where they regulate the secretory activity of that ,land. 

ProstaglaDdias 
PToslOglandins are hormone~like structun:s and are the objective of many studies. They are found 
widely distributed in cells throuJhout the body. Orpns that have been named as manufacturers of 
prostaglandins include the following: 

1. Seminal vesicles (male reproductive system). 

1. Thymus. 

3. Brain. 

4. Kidney medulla. 
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A wide array of functions has been anributed 10 them: which include constriction of blood vessels. 
constriction of bronchial tubes. and constriction of the intestine . Others cause dilation of these same 
structures. Some prostaglandins are used to induce labor or abortion. and have been recommended as 
possible contraceptive agents. There has been a vast amount of information wrinen about these 
substances and extensive research continues. 

403. Endocrine system disorders 

The thyroid. parathyroid. and adrenal conex are susceptible to many disorders. some of which ~ will 
discuss. This lesson covers goiters. hypothyroidism, hypenhyroidism. tetany. kidney stone 
production. Addison ' s disease. Cushing's syndrome. adrenal gland tumors. diabetes mellitus. and 
menopause. 

Tbyroid 

Gohen 
A goiter is a swelling ofthe neck due to an enlarged thyroid. The enlargement may fonn as the mult 
of iodine deficiency of the blood. As you will see. there are other causes of a goiter as well. However. 
in this first-mentioned case. known as simple gO;ler. the thyroid becomes enlarged as the size and 
number of glandular cells increase in an attempt to produce enough thyroid ho~ones. 

The adenomalOus or nodular goiler is another form of goiter. This type of goiter has an 
accompanying tumor formation that comes about through the overgrowth of the cells of the thyroid 
tissue. In this type of goiter. the tumor formation may be single or multiple. Single tumor foonation 
seems to be more likely to become malignant. 

Hypothy,.oidism 
There are numerous reasons why the thyroid gland may become either under-active or overactive. 
Under-activity of the thyroid is known as hypolhyroidism and appears as two characteristic stites
crelinism and m,vxedema. 

Cretinism 
This is a condition where there is a serious lack of thyroid activity from the beginning ofthc 
individual's life. Blood testing ofnewboms for thyroid honnone is routine in most hospitals. Now ' 
and then this condition is the result of the complete absence ofthyroid tissue. These infants become 
dwarfed. as well as mentally deficienL due 10 the failu~ of physical and mental development. The 
only ho~ of altering the outlook is if continuous thyroid replacement therapy is staned. Fonunalel), • 

. 'this disorder is rather rare in the United States. though endemic in certain regions whe~ iodine is 
lacking. 

Myxedema 
This condition is the result of atrophy of the thyroid in the adult. These patients become both mentally 
and physically slugg:ish. Their skin and hair become dry. and they develop a peculiar swelling: of the 
tissues of the face. Because thyroid extract or the honnone itself may be administered by mouth. the 
victims of myxedema can be restored to health VI:JY easily. though trcauncnt must be maintained 
throughout the remainder of their lives. 

H)'p~n"J'roidism . 
This condition. which is an over-activity of the thyroid gland. is the opposite of hypothyroidism. The 
development of a simple goiter may suggest hyperthyroiaism: however. there is a difference. Patients 
with simple goiter usually have a nennal thyroid, but il is enlarged due to the i'1crease in work that it 
must do. This is similar to the hean enlargmg when something causes its workload to increase. 
However. hyperthyroidism is an abnormal activit)· of the thyroid without an accompanying need for it 
by any other pan of the body. 
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Exophthalmic goiler or Graves disease 
This disease is 8 common form of hyperthyroidism in which there is a goiter. eye bulging. a strained 
facial appearance. intense nervousness. loss of weight. a rapid pulse. sweating. and a rremor. The 
patient'S metabolism is stepped up to a super rate. In numerous cases. drug administration or surgeI')' 
to remove a part of the thyroid will curt the condition. 

Thyroid storm 

Thyroid storm is an exaggerated ionn of hyperthyroidism with a sudden onset. If this condition is left 
untreated. it is usually fatal. But with appropriate care the majority of patients with this condition can 
be saved. 

P .... tbyroids 
When the parathyroid glands are removed there feUews a series of muscle contractions. mainly 
involving the hand and face muscles. These spasms are caused by a low concentration of calcium in 
the blood. This condition is called lelany. Be caref!.:l not to confuse this disorder with the infection 
called tetanus (lockjaw). 

Calcium. nonnally Stored in the bones for use by the tissues as needed, is removed from its Stora~e 
place and is poured into the bloodstream if the parathyroid glands have an excess secretion production 
such as parathyroid tumors. It is finally excreted by the kidneys. These patients will have stone 
form81ion in the kidneys and easily fiactured bones. 

Adnul cortex 

Addison's dis~as~ 
Addison's disease is the result of hypo-function of the adrenal cortex. This disease is characterized 
mainly by atrophy (loss of muscle tissue), weakness. skin pigmentation. and disturbances in salt and 
water balance. 

C"shing's syndrolM . 

Hypcr~function of the adrenal cortex results in a condition known as Cushing's syndrome. The 
symptoms include: . 

• Obesity with a round face. 

• Thin skin that bruises easily. 

• Muscle weakness. 

• Bone loss. 

• Elevated blood supt. 

Use of steroid drugs may also produce these symptoms. 

i471iFnal gland ,"mors 
Tumors of the adrenal gland give rise to a wide range of symptoms reSUlting from an excess or a 
deficiency of honnones secreted. 

Diabetes mellilus 
Iffor some reason the pancreatic islets do not produce enough insulin. sugar is not oxidized (burned 
in the tis .. ,:es) for transfonnation into energy. Instead. sugar is excreted along with the urine. This 
condition is called diabetes mellitus. For a diabetic patient to lead a nonnal life, proper utilization of 
the body's fuel must be restored and maintained. This can be achieved in mild cases of diabetes by a 
modification of dieL and at times with the addition of oral medications that increase the output of 
insulin by the pancreas. On the other hand. in severe cases of diabetes patients must also receive 
insulin from an outside source in periodic doses. Insulin is destroyed by the action of digestive juices 
and. therefore. must be given by injection. Nonnally. it is desirable for these patients to learn to 



administer their injections . The)' must adjust their diets. exercise. and other activities in order 10 
maintain the proper balance between the intake of insulin and sugar needi. These patients should 
carry special identification cards that let people know thai they are diabetic patients taking insulin. 
and that a dazed condition may indicate a need for sugar. 
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Some patients may use a mechanical pump that provides a round·the-clock supply of insulin. Insulin 
is placed in this device, which then injects it into the subcutaneous tissues of the abdomen. This 
allows for a more consistent blood sugar level. rcsultin£ in a more nearly nonnal metabolism. 

Some of the long-tenn complications of diabetes are: 

• Infection resistance is lowered. 

• Aneries, including those oithe retina, kidneys, and hean. may be seriously damaged. 

• Periphel'lll nerves are affected also. with accompanying pain and loss of sensation. 

Menopause and am~norrbea 

M~nopallS~ 

Menopause is becoming a more prevalent condition as we see our population gening older. 
Menopause. strictly defined. is the last menstrual period and the cessation of hormone excretion from 
the ovaries. Ovarian function does not cease abruptly though. It will decline slowly over a period of 
two to eight years. From the time ovarian function begins to stop. to one year after complete failure is 
when women experience the hot flashes, vaginal dryness, and drastic changes in menmual cycle. 
Only after one year of not having a menstrual cycle is a woman considered posnnenopausal. 

The lack of estrogen plays a much more imponant role in women's health than the well.known 
irritability. Vasomotor instability (flushing) and urogenital atrophy. along with more serious 
conditions such as osteoporosis and heart disease, may occur from the lack of estrogen. 

Ameno"/,ea 
Amenorrhea is the lack of a menstrual cycle. It happens normaJly With menopause. Sometimes 
though. younger women may suffer from an unusual cessation of menstruation. Women who exercise 
at high levels for long periods of time may suffer from amenorrhea. Also. lactating women may 
experience amenorrhea because infant suckling disrupts the hormonal flow. The progesterone 
hormone softens the endometrium into a secretory state. If a woman suffers from amenorrhea. this 
softening aClion may allow nonnal muscle contractions to expel the lining of the uterus. 

Self-Test Questions 
Afler you complele tbese questions, you m.y ched. your .nswers ., the end or tbe UDII. 

400. The classification of stcretioDs and glands 
I. Define gland. 

:. What types of secretions are carried from the gland cells to a nearby organ or to the body's 
surface? 

3 . What is another name for intemalsccretions? 
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4. What is the function of honnones? 

401. EadocriDc Ilaads and their bormones 
I. What arr the main hormones ofthe-.~terior lobe afthe pituitary gland? 

What two honnones are produced in the posterior lobe of the pituitaI')' ~Iand? 

3 . What is the largest endocrine gland? 

4. What is the main hormone produced by the medulla of the adrenal gland? 

5. What are the three main groups of hormones secreted by the adrenal conex? 

402. Other hormon ••• roducing orga.s 
I . List the hormones produced by the kidney? 

2. What is the function of the thymosin? 

3. Which orpns manufacture prostaglandins? 

403. Eadocriac system disordrn 
1. What is a goiler? 

1. What condition results from atrophy ohhe thyroid in adults? 

3. List fWc.symploms of an exophthalmic goiter? 

4. What term is used 10 describe spasms caused by a low concentration of calcium in the blood? 
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5. What causes Addison' 5 disease? 

6. What causes diabetes mellitus? 

7. What treatment is given to patients with mild cases of diabetes? 

8. Why is insulin given by injection? 

9. List some long-tenn complications of diabetes mellitus. 

10. Define menopause. 

II. How docs lactation cause amenorrhea? 

1-2. Drugs Used to Treat Conditions Associated with the Endocrine System 
There a~ 8 wide variety of drugs used to treat-iilments associated with the endocrine system. This 
section covers estrogens, progestin. oral contraceptives. antidiabetic agents.. and thyroid replacement 
products. 

404. Estrogens 
Estrogens are female honnones. They are produced by the body and are essential for the nonnal 
sexual development of the female and for the regulation of the menstrual cycle during childbearing 
years. 

Estrogens art prncribed for sevmr.1 reasons: 

1. To provide additional hormone when the body doesn't produce cnough of its own. 

2. In the treatment of selected cases ofbrcast cancer in men and women. 

3 . In th~ D'ea~ent ofmcn with cenain types of prostate cancCf. 

4. To h~lp pr~vent oSI~oporosis in wom~n past menopause. 

Risks associated with estrogen therapy include endometrial hyperplasia and possibly a slight increase 
in the incidence ofbr~st cancer. 

Indicalions 
Estrog~ns arc most commonly us~d as a compon~nt of combination contraceptives or as honnone 
replacement therapy in postmenopausal women. Benefits in postmenopausal women include relief of 
moderate.lo-severc vasomotor symptoms. decreased risk of osteoporosis and cardiovascular disease. 
Honnonc replacement therapy may also be used in female hypogonadism or primary ovarian failure. 
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Less commonly. select breast or prostate cancer patients with advanced disease may receive estrogens 
as relief therapy. Estrogens arc a\'ailable in various dosage forms and a multitude of strengths. There 
are too many to listthem all here ~o we'll just talk about the class in general. 

ContraiDdications 

Females should not take estrogen ifthe~' have breast cancer. except in appropriately selected patients 
being treated for metastatic disease. known or suspected prcgrwncy. or hypersensitivity to any product 
component. 

Warning 
Estrogens have been reponed 10 increase the risk of endometrial carcinoma in postmenopausal 
women. Studies have shown an increased risk of endometrial cancer in postmenopausal women 
exposed to exogenous estrogens for prolonged periods. Trae risk of endomenial cancer in eSD'Ogen 
users was 4.5 to 13.9 times greater than in nonusers and appears to depend on duration oftreattnent 
and doSC'. Therefore. when estrogens are used for the treatment of menopausal symptoms. usc the 
lowest dose and discontinue medication as soon as possible. When prolonged treatment is indicated, 
reassess the patient at least semi-annually by endometrial sampling to detennine the need for 
continued therap)'. Cyclic administration of low doses of estrogen may carTY less risk than contiOlwus 
administration. 

There is no pregnancy category officially assigned. Do not use estrogens during pregnancy. Esuogen 
therapy during pregnancy is associated with an increased risk of congenital defects in the . 
reproductive organs of the fetus and possibly other oinh defects. 

Drllg inleractions 

Estrogens presumably have sirlilar drug interactions to those observed with oral contraceptives. _. -... ",,", 
Pno_", 0"", Object DnIo 

ESbogens Antic:oagulantS. enl 

Estrogens Antidepressant5. bicydic: 

Barbiturates . Rifampin Estrogens 

Hydillntoins Esuogens 

Esuogens Corticosteroids 

Patienl in/or"",tion 

Patient package insert is available with products. 

Notify physician jf any of the following occur: 

1. Pain in the groin or alves. 

Inte,.ctions 

~ 
Estrogens mey reduce the hypopIothiombinemte 
efIod of ........ 
Effects fM)' be altered by"Btrogens: they are 
estrogen dose dependent. 

May produce lOwer estrogen levels. 

Breakthrough bleeding. spotting, IWId pregnancy 
have ruu/Ied when these medicatiOns were used 
cooamentty. A lou of seizlft eonttoI has also .... 
An inc:reIIse ... the pharmacologic and tcll~ogic 
effects of c:orueosteroic1s mIIy oec:ur. ~ 

2. Sharp chest pain or sudden shonness of breath. 

3. Abnonnal vaginal bleeding. 

4. Missed menstrual period or suspected pregnancy. 

S. Lumps in the breast. 

6. Sudden sev~ headache. 

7. Dizziness Or faintin@. 

8. Vision or speech disturbance. 
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9. Weakness or numbness in an ann or leg. 

10. Severe abdominal pain. yellowing of the skin or eyes. 

',1. Severe depression. 

405. Progestins 

Progestin honnones are a group of synthetic drugs that have a progeslerone·like effect on the uterus. 
Progesterone is a hormone that prepares the endometrium for implantation ofihe fenilized egg. Once 
an egg is implanted, progesterone acts to maintain the pregnancy. It docs this by inhibiting the 
secretion of gonadotropins. preventing ovulation. Progesterone also inhibits spontaneous uterine 
contractions. h also aids in the treatment of amenorrhea by softening the endometrium. almost to a 
liquid state so the nonnal muscle contractions can do their work to expel the menstrual materials. We 
will discuss only one progestin honnone in this lesson: medroxyprogesterone. 

Medroxyprogesteroac 

Indications 

Medroxyprogesterone is indicated in the treatment of the following conditions: 

• Amenorrhea. 

• Abnormal uterine bleeding. 

ContrDindicllt;ons 

Medroxyprogeslerone is contraindicated in patients with the following conditions: 

• Breast carcinoma. 

• Breast feeding. 

• Ectopic pregnancy. 

• Hepatic disease. 

• Incomplete abonion. pregnancy. and vaginal bleeding. 

Medroxyprogesterone is avaii.8ble in 2.5·, S·. and IO-mg tablets. Nonnal dosing for amenorrhea is S 
to 10 mg daily for five to 10 days. Start therapy any time. Withdrawal bleeding usually occurs three 
to seven days after therapy ends. The dose for abnormal uterine bleeding due to hormonal imbalance 
is 5 to 10 mg daily for five to 10 days. beginning on the 16th or 21st day of the menstrual cycle. 
Withdrawal bJeeding usually occurs three to seven days after discontinuing therapy. Patients with 
recurrent episodes of abnormal uterine bleeding may benefit from planned menstrual cycling with 
medroxyprogesterone. 

Warnings 
There is no pregnancy caltgory assigned to medroxyprogesterone. As stated earlier. progestins may 
playa pan in preventing abonions. Care must be used when dispensing any progestin to a pregnant 
patient. 

Detectable amounts of p,ogestins enter the milk of lactating mothers receiving these agents. The 
effect on the nursing infant has not been detennined. Medroxyprogesterone does not adversely affect 
lactation and may increase milk production and duration of lactation. 

, 

Drug interactions 
Medroxyprogesterone can cause amenorrhea or plactorrnea. which would counteract the desired 
effect of bromocriptine. These drugs should n.ol be used together. 
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Pali~nt in!o7tnlllion 

Patients taking this medication should have a complete physical examination and continued annual 
check·ups to ensure continued safety and effectiveness. They should also have the following 
information: 

• Medroxyprogeslerone can have a prolon@:cd effect on fenility. Most (about IWo--thirds) of 
women who wish to,become pregnant are able 10 do so within the first year following usc of 
this medication . Other women can require up to two years for return of fenilit)" following the 
use of this medication. 

• Progestins can'cause swelling. tenderness. or bleeding oflhe gums; be careful when brushing 
and flossing teeth. Schedule regular dentist appointments fo r evaluation and routine dental 
can:_ 

• Ifthey become pregnant, they must stop taking this medication and immediale~l' contact a 
health care provider. 

TablelS 

• Take euctl)' as directed. Do not exceed the prescribed dose, 

• Do not stop taking except on their health care provider' s advice. 

Injection 
Medroxyprogesterone is not for self-medication. For contraception. this medication is injected into a 
muscle evei')' three months during the first five days of the menstrual cycle. In order for this 
contraceptive to be effettive. they must receive the injections at regular. 3·month intervals, Do not 
forget to schedule and keep their clinic visit to receive their next medroxyprogesterone injection. If it 
has been more than 14 weeks since their last injection. they will need to have a pregnancy test to 
confinn that the)' are not pregnant before receiving another medroxyprogesterone injection, 

406. Oral eODtneeptiv~5trogeD-progestin products 

PbarmacolOlY 

Oral contraceptives (OC) include estrogen--progestin combos and progestin-only products. 

P,og~stin-on{l' 

The mechanism by which progestin-only contraceptives prevent conception is nOI completely known. 
but they alter the cervical mucus and exert a progestational effect on the endometrium, This action 
seems to make tm endometrium hostile to implantation by a fenilized ovum (egg) and. in some 
patients. suppresses ovulation. 

ESlrogl!n-p,ogalin combos 
Combination oes inhibit ovulation by suppressing the gonadotropins. follicle·stimulating hormone 

-fFSH) and luteinizing honnone (LH). All of this alters the genital tract. changing the cervical mucus. 
inhibiting spenn penetration of the endometrium (as above). 

These products differ in the, type and relative potency of the components and in their relat!ve activity. 
Ultimate effects are related to combined estrogenic. progestational. androgenic. and antiesu-ogenic 
effects. 

Progestins may modify the effects of estrogens: these effects depend on the t:-'PC or amount of 
progestin present and the ratio of progestin to estrogen. The total estrogenic potency of an OC is 
based on the combined effects of the estrogen and the effect of the progestin. 
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Contraceptive efficacy 

Efficacy in most cases depends greatly upon the degree of compliance and user reliability. No other 
contraceptive drug or device except levonorgesU'el implant and medroxyprogesterone injection 
approaches the efficacy of the combined oral contraceptives. 

The most common oral contraceptive used is a combination of progesterone with an estrogen. 
Combination products offer beneT contraceptive protection than either agent administered as 8 single 
entity. Estrogen-progestin combinations can be used as a post-coital contrac~ptive. These products are 
also used to regulate menstruation in patients with coagulation problems or heavy menmual bleeding. 
in general. the estrogen-progestin products arc available in three types: 

1. Monophasic: Fixed dosage of estrogen to progestin throughout the cycle. 

2. Biphasic: Amount of estrogen remains the same for the first 21 days of the cycle. Decreased 
progestin-estrogen ratio in first half of cycle allows endometrial proliferation. Increased ratio 
in second half provides adequaIe secretory development. 

3. Triphasic: Estrogen amount remains the same or varies throughout cycle. Progestin amount 
varies. 

Indications 
Estrogen-progestin products are indicated in the treatment of contraception and post-coiral 
contraception. 

Coalraiadicatiobs 
Estrogen-progestins products are contraindicated in patients with the following conditions: 

• Thrombophlebitis. 

• Coronary ane".. disease. 

• Known or suspected breast carcinoma or estrogen-depcndent neoplasia. 

• Carcinoma of endometrium. 

• Undiagnosed .bnannal genital bleeding. 

• Known or suspected pregnancy. 

Dra, interactioDs 
Oral contraceptives may decrease the actions of the following drugs: 

• Acetaminophen. 

• Benzodiazepines. 

• Salicylates. 

Oral contraceptives may increase the effects oftbe following drugs: 

• Tricyclic antidepress~ints . 

• Beta-blockers. 

• Conicosteroids . 

• Theophyllines. 

The effectiveness of oral contraceptives may be decreased by antibiotics. barbiturates. or hydantoins. 
The Qnlibiol;c inleraclion is exlre",e~r imponan/! Counsel eve!')· patient to use an alternate method of 
contraception for the period of time she is taking the antibiOIic and continue thai umil her next 
menstrual cycle. 
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Patieat information 

Be sure to read patient package insen available with product. To achieve maximum contraceptive 
effectiveness. take Des exQC1~\' as directed at intervals nOI exceeding 14 hours. preferably at the same 
tim(..,Cach day_ rake tablets regularly with a meal or at bedtime. Efficacy depends on strict adherence 
to the dosage schedule. 

Patients must be aware of the following when taking OCs: 

• May cause sponing or breakthrou@h bleeding during the first few months oftherap)'; if 
bleeding occurs in > 1 cycle or last more than a few days. notif)' physician. 

• Must use an additional method of binh control until after the first week of administration in 
the initial cycle, or for the entire c~'CJe if vomiting or diarrhea occurs. 

• Do not protect against human immunodeficiency virus (HIV) infection and other sexually 
transmitted diseases (SIDs). 

• May cause visual changes in contact lens wearers. If they notice visual changes or if the 
lenses begin to feel uncomfonable. the!>' should consult their eye health care provider. 

• Increases the risk of developing blood-cloning disorders and strokes ii tobacco smokers, 
Before using estrogen-containing prod·ucts. they should avoid smoking or talk with their 
health care provider, phannacy. or other health care provider about methods 10 help them stop 
smoking. 

MisJftI doses 
There is linle likelihood of ovulation occuning if only one I8blet is missed. but the possibility of 
sponing or bleeding is increased. The possibility of ovulation occuning incruses with each 
successive day that scheduled tablets are missed. This is particularly likely to occur ifrwo 
consecutive tablets are missed. Any time a tablet has been missed. use another method of 
contraception for the balance of the cycle until tablets have been taken for seven consecutive days. If 
a patient forgets to take one or more tablets. the following is suggested: 

1. One tablet - Takc it as soon as remembered. or take two tablets the next day. alternatively 
take onc tablet. discard the other missed tablet. continue as scheduled and use another form of 
contraception until menses. 

2. Two consecutive tablets· Take two tablets as Soon as remembered with the next pill at thc 
usual timc. or takc two tablets daily for the next two days, then resume the regular schedule. 
Use an additional fann of contraception for the seven days after pills are missed. preferably 
for thc remainder of the cycle. 

3. Three consecutivc tablets - Begin a new compact of tablets. stanin@:ondayoneofthccycle 
after thc last piU was taken or S1arting seven days after the last tablet was taken. Usc an 
additional form ofbinh control until pills have been taken for seven consecutive days, 
preferably for the remainder ofthc cycle. 

407. Oral antidiabetic agents 
This lesson covers the hypogl!>'CC!'1ic agents and two antidiabetic agents that fall into their 0\\11 

category. These oral antidiabetic agents both have the capabilit)· to help diabetic patients lead a 
nonnallife_ The drugs that we'll cover in this lesson arc the sulfonylurus. metfonnin. and 
rosiglitazone. Wc' lI stan wi~ the hypoglycemic agcnts - sulfonylureas. 

Sulronyluras 
The sulfonylurea hypoglycemic agents are sulfonamide derivatives without any of the -antibacterial 
activity. These agents are divided into two groups: First generation (acetohcxamide. chlorpropamide. 
tolazamidc_ tolbutamide) and second generation (glipizide. glyburide). They are used with diet and 
excrcisr in the D'Caunent ofnon·insulin-dcpendent diabetes mellitus (NIDDM). NIDDM has also been 



.. 

referred to as adult-onset diabetes. ketosis-resistant diabetes. and Type: II diabetes. NIDDM is 
characterized by insulin resistance and defects in insulin secretion. 

Guidelines for oral hypoglycemic therapy in NJDDM patients include: 

• Onset of diabetes at >= 40 years of age. 
• Obese or normal body weight. 

• Duration of diabetes < 5 years. 

• Fasting serum glucose <- 200 mgldl. 

• Insulin requirement < 40 units/day. 

• Absence of renal or hepatic dysfunction. 
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The sulfonylurea hypoglycemic agents lower blood glucose by stimulating insulin release from betA 
cells in the pancreatic islets. These agents are only effective in patients with some capacity for natural 
insulin production. They rna)' improve the binding between insulin and insulin receptors or increase 
the number of insulin receptors. Hypoglycemic effects seem to be due to improved beta cell 
senSitivity. This lesson discusses two oral antidiabetic agents: glyburide. and glipizide. All 
indications. contraindications. and patient infonnation are identical for both drugs excepi the ..... 
pregnancy category. Glyburide is pregnancy category Band glipizide (as well as all other 
sulfonylureas) is categ~' C. 

SulfonviUrM Com~_ril:Dn 

0"'0 Equivalent doses Doses! dIIy Onset("') Duration (hrs) 
(mg) 

Glipaide 10 1-2 1-11; 10-16 

Glybunde 5 1-2 2~ 2< 
Nor.miclonized 

-
Gtyburide 3 1-2 1 - 2< 
Micronized 

Indications 
As an adjunct to diet to lower the blood @Iuc:ose in patients with non-insulin-dependent diabetes 
mellitus (Type II) whose hyperglycemia cannot be controlled by diet alone. 

COnlraindications . 
Hypersensitivity to sulfonylureas: diabetes complicated by ketoacidosis. with or without coma: sole 
therapy of insulin-dependent (Type I) diabetes mellitus: diabetes when complicated by pregnancy. 

Glyburide should not be used as sale therapy in patients with Type I diabetes. diabetic ketoacidosis. 
diabetic coma. major surgery, severe infection, or severe trauma. The drug is also contraindicated in 
patients with severe hepatic disease. severe renal disease. or thyroid disease . 
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Drug Jn/~rQClions 

Sulfonylu,... Interactions 
Precipitant O~- Readion 

Anttcoagulants. H2.ntagonists. Fenfluramine. The hypoglycemic effects of sulfonylureas may be. 
FluconazOle, Gemfibrozil, Magnesium salts, enhanced. 
Methyldopa, MAO InhibitOfS. Probenecid. 
Salyc.ilates, Suffonamides, Tricyclic Antidepressants . 
Urir\8N Acidffiers 

Beta bloCkers, ChOlestyramine. OiazoxiQe. The hypoglycemic effects of sutfonylur8aS my be 
Hydantoins, Rifampin, Thiazide diuretics. Urinary decreased. 
alkalizers 

Elhanol May protong reductions in blood glucose. May 
result in Oisuffiram-like reaction. 

Dinttalis atveoSk:les SUlfonvture8S may increase diaitatis serum 6eve1$. 

Pa(irnt ;njormDl;On 

Patients must receive full and complete inSb'Uaions about the nature of diabetes. Strict adherence to 
prescribed diet. an exercise program. personal hygiene. and avoidance of infection are ~tial. It is 
important to teach patients to self·monitor blood glucose. 

Patients taking diabetic medication must know the following: 

• Do not discontinue medication except on the advice of a physician. 

• ~ay cause gastrointestinal (GJ) upset may be taken with food. 

• rake glipizide >30 minutes before a meal to increase effectiveness. 

• Avoid alcohol and salicylales except on professional advise. 

• Monitor urine for glucose and ketones as prescribed; monitor blood glucose as prescribed. 

Notify physicia,n if any of the following occurs: 

• Hypoglycemia:. Fatigue. excessive hunger. profuse sweating. numbness of extremities. 

• Hyperglycemia: Excessive thiTSt or urination. urinary glucose or ketones. 

• Other: Fever. sore throat. rash. unusual bruising or bleeding. 

Antidiabetic agents 
As promised. here are the antidiabetic agents. Neither of these drugs is currently listed in the 
Depanment of Defense (DOD) Basic Core Fonnulary. but they are both imponant enough to be 
covered in this course. This section will cover metfonnin and rosiglitazone. Because of their 
differences. these drugs will be covered separately. 

Metformin 
Metfonnin is an oral antihyperglycemic drup used in the management ofNJODM. It is not chemically 
or pharmacologically relatc:d to the ora)·sulfonylureas. Menormin improves glucose tolerance in 
NIDDM subjects. lowering plasma ~:lucose.lts phannacol~ic mechanisms of action are different 
from those of sulfonylure8S. Melfonnin decreases hepatic glucose production. decreases intestinal 
absorption of glucose and improves insuli~ sensitivity. Unlike sulfonylureas. metfonnin does not 
produce hypoglycemia in either diabetic or nondiabetic subjects and docs nOI cause hypcrinsulinemia. 
With metfonnin therapy. insulin secretion remains unchanged while fasting insulin levels and 
daylong plasma insulin response may actually decrease. 

" . 
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indications 

Mctfonnin is indicated to be used alone or as an adjunct to diet to lower blood glucose in patients 
with NIDDM whose hyperglycemia cannOI be satisfactorily managed on diet alone. Metfonnin may 
be used concomitantly with a sulfonylurea when diet and metformin or a sulfonylurea alone do not 
result in adequate glycemic control. Normal dosing for merformin is 1.500 - 2.550 mg: daily in 2 or 3 
doses. given with meals. A saning dose of 500 mg twice daily with the morning and evening meal 
ma~' be used jfthe patient has Gl problems. As the dosage is increased. the ,three times daily dosing 
will be bener tolerated. Metfonnin is available in 500 and 850 mg tablets. 

Conrroindicalions" 
Metfonnin is contraindicated in patients with kidney disease. a hypersensitivity to metfonnin. or 

- metabolic disorders. 

Warnings 
Lactic acidosis: Lactic acidosis is a rare, but serious. metabolic complication that can occur due to 
metformin accumulation durin~ treatment. When it occurs. it is fatal in approximatel)' SO percent of 
cases. Lactic acidosis is characterized by elevated blood lactate levels. decreased blood pH. and 
electrolyte disturbances. 

Pregnanc)': Metfonnin is fairly new. Safety has not been established. so metfonnin@etsa pregnane)" 
category B. Metfonnin is excreted into breast milk. A decision should be made to discontinue therapy 
durin~ breastfetding or not to breastfeed. 

Drug interactions 

Metfonnin·s actions are increased by alcohol. cime-tidine. furosemide. and nifedipine. While 
furosemide increases metfonnin' s actions. metformin has a decreasing effect on furosemide. 

Pati~nt information 
Inform patients of the potential risks and advantages of metfonnin and of alternative modes of 
therapy. Also infoim them about the importance of adherence to dietary instructions., of a regular 
exercise program and of regular testing of blood glucose. glycosylated hemoglobin. renal flQlction. 
and hematologic parameterS. 

Counsel patients against excessive alcohol intake while receiving menormin. 

Rosiglitozone 

Rosiglitazone is different from other diabetic agents. Rosiglitazone is an antidiabetic agent that 
lowers blood glucose by improving w-get cell response to insulin. without increasing pancreatic 
insulin secretion. It decreases insulin resistance. Its unique aclion mechanism depends on the presence 
of insulin for activity. Addition ofrosiglitazone to a sulfonylurea has a synergistic effect because both 
agents act to improve glucose tolerance by different but complemental')' mechanisms. Unlike 
sulfonylureas. rosiglitazone is not an insulin secretagogue. 

}ndical;OlU 

Rosiglitazonc is indicated for Type II diabetes. It is used concomitantly with a sulfonylurea or insulin 
to improve glycemic conrrol. It can also be used as monotherapy as an adjunct to diet and exercise to 
lower blood glucose. Hen: is the dosing schedule for both combination and monotherapies: 
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Dosing Schedule 

Types of Therapy Dosage 
Combination .-

• With insulin Stan with 2 mg once dIIily and continue the current insulin dose. For 
patients nOI responding adequately, increase the rosiglitazone dose after 
two to four weeks . The usual dose is.coo mglday. The maximum 
recommended dose it 600 mg/day. Individualize insulfn adjustments are 
based on gk.tcosHowering resporw,e. 

• 'Mth sutfonyture:as Stan with 2 mg once daily and continue the current sutfonyturea dose. For 
patients not responding adequately. increase the rosigJitazone dose .t two 
to four weeks, not to exceed 6 mg once daily.-The autfonyIurea do$e may 
require IOwerina to DDtimile theraov. 

Monotherapy InitWlte at -4 or 6 mg once deity for paUents not adeQUiltely controlled with 
dtet alone. For patients not responding to -4 mg once daily, ino'ease the 
dose to 6 "'IiI after one month. For patients not ,"~:dequately to 6 

I mg after one month. consider attemative ther1lpeutic: . s. 

Rosiglitazone is available in 2. <4 , and B mQ tablets. 

ConrraindicaJions 
The only labeled contraindication, for rosiglitazonc is hypersensitivity to an)' of the components afthe 
medication. 

Warnings 

Rare cases o~ ~vere idiosyncratic hepatocellular injury have occurred. The hepatic injury is usually 
reversible. b ."ery ntre cases ofhcpatic failurc.leadin~ to death or liver transplant. have occurred, 
Injury has occurred after both short- and long-tcnn rosiglitazone treatment. 

Pregnancy: Categol') B. There are no adequate and well-controUed studies in prcpant women. Do 
nO/we rosiglila::one during pregnancy unless tM polenriol bmefil juslifies 1M potential risk to lhe 
,-IlLS. 
Lacwion: It is Dot known whether rosiglitazone is seemed in breast milk. Rosiglitazone is sccrctcd in 
the milk oflac18tin~ Dts. Do not administer to brcastfecding women. 

Drug interactions 
Cholestyramine reduces the absorption ofrosiglitazone by 70 percenl and should not be used in 
patients taking rosiglitazone. 

Administration ofrosiglitazone with an 01111 contraceptive containing ethinyl estradiol and 
norethindrone reduced the plasma concentrations of both components by 30 percent. These changes 
could result in loss of conrrac:eption. Use either a higher dose of oral contraceptive or an alternative 
method of contraception. 

Pal;enl information 
Take rosiglitazone with me.ls.lfthe dose is missed at the usual meal. take it at the next meal.lfthc 
dose is missed on one day. do not double lhe dose the follo .... ing doy. 

It is imponant to adhere to dietary instructions and to have blood glucose and glycosylated 
hemo@lobin tested regularly. During periods of stress such as fever. trauma. infection. or sUf!C1')', 
insulin requirements may c~nge and palients should seek tht- advice of their physician. 

When using combinalion therapy with insulin or an oral hypoglyc:cmic. explain the risks of 
hypo@lycemia. its S}1nptoms. treatment and predisposing conditions to palients and their family 
members. 

Instruct patients to 'immediately repon any signs or symptoms of hepatic dysfunction (e.g .. nausea. 
vomiting. abdominal pain. fatigue, anorexia. dark urine. or jaundice) to their physician. 
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Use of rosiglitazone can cause resumption of ovulation in women laking oral contraceptives and in 
patients with polycystic ovary disease. Therefore. advise patients 10 consider an alternative method of 
contraception or refer them to their physician for consideration of a dose increase in their oral 
contraceptive. 

408. Insulin 
Insulin is a pancreatic honnone. It is secreted by the pancreatic cells of the islets of Langerhans and is 
essential for the metabolism of glucose and or the homeostasis of blood glucose. FDA approval of 
insulin products began in 1939. The precise amino acid sequence of insulin was established in 1960. 
leading to complete synthesis aflhe honnone by 1963. Bovine. porcine, and recombinant human 
insulin preparations an: currently available for use in diabetic patients. Regular (rapid, shon-acting) 
and NPH (slower onset, lon@erduration) human insulin are the most commonly used preparations. 
The first biosynthetic human insulin was g:iven FDA approval in 1982. 

IDdicatioDS 

Insulin is indicated in the treaDncnt of diabetcs mellitus, diabetic ketoacidosis. and hyperkalemia. 
Insulin distributes widely throughout the body. Periphcral tissues inactivate a small ponion. but the 
majority is metabolized by the liver and kidneys. Insulin is filtered and reabsorbed by the kidneys. 
with the plasma half· life of insulin followin@ IV injection being approximately nine minutes. Regular 
insulin is the only insulin that should be administered by an IV. All other 1ypCs ofinsuJin are injected 
subcutaneously. The following table illustrates the different types ofinsulins and their properties. 

Insulim 

Insulin Preparaoons Onset Peak Duration eomo-
(In) (In) (hf$) mixed wiIh 

Rapid-acting Regular 0.5-1 1-3 8-12 All 

Serri-lente 1-1.5 5-10 12-16 Le ... 

Uspn> Solution 02. 0.5-1.5 6-8 Ultralen1e, NPH 

Intermediate- NPH 1-1.5 4 -12 2' Reo""" 
acting 

Lome 1-2.5 7-15 2' Regular. 
lemileme 

Long-acting Protamine ZJnc • -8 ' 1.-2 • 36 Regular 

u_ .-8 10-30 >36 Regular. 

- aemileme 

DruC inleractioDS 

Drugs ~I o.cru •• me HypoglyeemJc Eff.et;s of Insulin 

Oiunrtics OiItiazem 

~pinephtine MorptMne 

Estrogens Niacin 
. 

Isoniazid Phenytoin 

Lithium Nicotine 

Calcitonin Truazide diuretics 

Contraceptives. oral Th"..., 

Corticosteroids 
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Drugs that Increase the Hypoglycemic: Effects of Insulin 

ACE inhibitors Mebendazole 

Alcohol Salicylates 

Beta blockers Sulfonamides 

CalCium Tetracyclines 

Chloroquine -
Uth .... 

MAO inhibitors 

Coatraiadications 

Insulin is contraindicated in patients with bovin~ hypersensitivity and porcine hypersensitivity. Beef 
insulin should not be used in patients with B history of bovine hypersensitivity unless these patients 
have been adequately desensitized. Pork insulin should not be used in patients with a history of 
porcine hypersensitivity unless these patients have been adequately desensitized. 

Regular insulin is the only fannulation appropriate for IV administration. Only regular insulin should 
be used in patients with poor tissue perfusion, shock. or cardiovascular collapse; in patients with 
diabetic ketoacidosis: or in patients requiring insulin for the treaunent of hyperkalemia. All other 
preparations of insulin are contraindicated for these conditions. 

PaticDt iDformatioD 
Make sure patient understands the following infonnation: 

• Use same type and brand syringe to avoid dosage errors. Rotate sites to prevent lipc> 
dystrophy (atrophy of subcutaneous fat). If using "pcn-fillec:F dcvice~ follow information for 
proper usc. 

• Do not change the order of mixing insulins (if applicable) or change the brand. stren~ type. 
species. or dose without your physician's knowledge. 

• Consult a physician if you have vomiting or fever. Illness may change insulin requirements. 

• See your dentist twice yearly: see an ophthalmologist regularly. 

• Read and understand all aspects of insulin usc .\'ailable in the patient information insen5. 
- Strict adherence to prescribed diet. exercise program. and personal hygiene are essential. 

• Wear a diabetic identification (Medic-Alert) so appropriate treatment can be given if 
complications occur away from home. 

• Monitor blood glucose and urine for glucose and ketones as prescribed; monitor blood 
pressure regularly. 

• Allow refrigerator-stored insulin to come 10 room temperature prior to injecting it. Insulin 
stored at room temperature will be less painful to inject compared with that stored in the 
refrigerator. 

• Store the insulin in the refrigerator. except the bottle currently being used. Store that bonle at 
a room temperature of Jess than n degrees. 

409. Thyroid agents 

Th~Toid hormones include both natural and synthetic derivatives. The natural products. desiccated 
thyroid and thyroglobulin. arc derived from beef or·pork. Although these preparations are most 
economical. Standardization is inexact: synthetic derivatives are generally preferred because of mo~ 
uniform standardization of potency. 
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Synthetic derivatives include Icvothyroxine. Iiothyronine. and liotrix. The principal effeci of thyroid 
hormones is to increase metabolic rate of body tissues noted by increases in oxygen consumption. 
respiratory rate. body temperature. cardiac output. heart rate, blood volume. Tale of fat. protein and 
carbohydrate metabolism, enzyme system activit)', and growth and maturation. Thyroid hormones 
exert a profound influence on evcry organ system and are particularly important in ecno-al nervous 
system (eNS) development. - . ~ " ' 

Th)TOid honnones are also concerned with growth and differentiation of tissues. In deficiency states 
in the young. mere is growth retardation and failure of maturation of the skeletal and other body 
systems, especially in failure of the formation of bone in the epiphyses and in brain growth and 
development. The following text covers both thyroid hormones and levothyroxine. 

Indicatioas 

Spetific indications include: Cretinism, myxedema. non-toxic goiter and ordinary hypothyroidism; 
primary hypothyroidism resulting from functional deficienc)', prima~' auophy, paniai or tou.1 
absence of thyroid gland. or the effects of sUller)'. radiation. or drug.s, with or without the presence of 
goiter; secondary (pituitary) or teniary (hypothalamic) hypothyroidism. 

Warniags 

Pngnanc)' 
Category A thyroid hormones do not readily cross the placenu.. Clinical experience does not indicate 
any adverse effect on the fetus when th)TOid hormones are administered to a pregnant woman. Do not 
discontinue thyroid replacement therapy in hypothyroid women during pregnancy. 

Lactation 
Minimal amounts of thyroid honnones are excreted in breast milk. Th~id is not associated with 
serious adverse reactions. However, exercise caution when thyroid is administered to a nursing 
woman. 

""",in __ 

Precipitant Drug ObjedDNg Desa4>tion 

Cholestyramine and Thyroid hormo ..... Lou of thyroid efficacy, administer four-six 
colestipol tnaDart 

ESlrogens T..,...., honnona Patient response 10 thyroid therapy may be 
deo-eased 

Thyroid hom1ones Anticoagulants The anticoagullnt ClMty is increased 

ThyfOtd honnones Beta blockers Bela blocker action may be impaired 

Thyroid honncnes Oigrt.d$ glycOside. Thel1lpeutic; effects of digitalis glycosides 
mav be decreased 

Thyroid hormones Theophyllines Decreased theophyUine cIeaIl1Ince 

Patient information 
Replacement therap)' is to be taken for life. except in cases of transient hypothyroidism. usually 
associated with thyroiditis. and in those receiving a trial of the dru~. 

• Take thyroid hormones as a single daily dose. preferably before breakfast. 

.... .Do nOI change from one brand of hormones to another without consuhin~- your pharmacist or 
physician. Products manufactured by different companies may not be equally effective. 

• Do not discontinue medication except on ad\'ice of a physician. 
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• Notify physician if headache. nervousness. diarrhea. excessive sweating. heat intolerance. 
chest pain. increased pulse rate. palpitations {symptoms of hypenhyroidism} or any unusual 
event occurs. 

• Children can experience panial hair los5 in the first few months ofthcrapy. but this is usually 
a tnlnsient phenomenon that results in later recovery. 

• Absorption is increased if Jevoth:-Toxine is taken on an empty stomach. 

• Take missed doses as soon as they remember. unless it is almost time for their next dose; 
then. skip the missed dose and wait for their next regularly scheduled dose. Do nOI take 
double doses. Contact their health care provider of phannacy iftbey need help adjusting their 
dosing schedule . 

410. Corticosteroids 
In volume 2. we talked about lopic.l corticosteroids. In this lesson. we~1I look at some systemic 
corticosteroids. Wc'lI also covcr additional steroid uses later in the respiratory system. 
Corticosteroids Itt found both naiurally occuning and synthetically produced. Corticosteroids art 

also differenti3ted by their properties. Corticosteroids are classified as either mineralocorticoid or 
glucocorticoid. Mineralocorticoid steroids alter electrolyte balance and sodium retention. 
GlucoconicoidsaTe known more for their anti-inflammatory effects. Hydrocortisone and conisone arc 
both naturally occuning conical steroids with both mineralo and glucoconoid activity. Additionally. 
triamcinolone. deQtTlethasone. methylprednisolone. and betamethasone are synthetic steroids with 
high glucocorticoid activity and almost no salt-retaining activity. Our discussion of steroids in this 
section will be limited to prednisolone and prednisone, dexamethasone. and methylprednisolone. 

Before we jump into the drugs though. no discussion of corticosteroids would be complete without 
some words on the hypothalmic-anterior pituiwy-adrenal axis (HPA). Conisol. the major 
endogenous glucocorticoid produced in the body is produced and secmed throu,tl the HPA. There is 
a nr:~ative feedback system that tells the body how much cortisol to produce. If systemic steroid 
medications arc taken when the body is at a natural")ow- on these honnones. the feedback system 
will sense the presence of medication and nOi produce any for itself. maintaining a steady. )ower levcl 
of steroid and defeating the purpose of taking the medication. However. if the medication is taken 
after the feedback system has acted. the steroid"medication will act to effectively increase steroid 
level and treal the disorder. The feedback system works and produces most of its steroids between 
~:OO and 8:00 in the morning. Therefore. early momi{lg is the best time to take these medications. 
After saying all that, on 10 our discussion of conicostcroids. 

PredDisolone and Prednisone 
"Prednisolone and Prednisone are synthetic steroid compounds that exhibit both mineraloconicoid (salt 
retaining) and g.lucoconicoid (anti-inflammatory) effects. Both of these drugs. however. arc used for 
their glucoconicoid eF~. Prednisone is an inactive drug. and must be metabolized into prednisolone 
before betoming active. The equivalent doses oflhe two are approx.imately the same on a mg to mg 
basis with prednisolone having a faRer onset of action and a two to three times longer half-life. 

Dc:umetbasoD~ afl;d M~thylpredDiJoloD~ 
These two are synthetic compounds with marked glucoconicoid propenies and show no significant 
mineraloconicoid actions. 
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The following table lists the steroids that we 8rc discussin2 and relates them to each other (oral 
dosage foms only). All of the conicosteroids listed. except prednisone. also come in injectable forms. 

Corticosreriod Do"" -
Gococorticoid Approximate Relative Anti- Dosage Dosage Forms 

Equivalent inflammatory mg/day 
Oos. Potency 

Prednisone 5mg • 5-60 1, 2 .~~~. 20, 50 mg tablets 
and 5 ml liquid 

Prednisolone 5mg < 5-60 5 mg tablets and .5mgISmI, 
15mo/5mlliQuid 

Dexamethasone 0.75 mg 20 0.75 -9 0.25,0.5,0.75,1,2.41,6, 
Therapeutic pack, O.5mgIO.5ml 
and O.5ma/Smlliquid 

Methylpredni$Ok)ne <mo 5 <-.. 2, -' , 8, 16, 24, 32 me wblets 

I"diclltiolts 
Conicosteroids arc indicated in numerous disorders. Some of the recognizable ones are rheumatic 
disorders like bursitis and anhnlis: dennatological disorders such as psoriasis and dermatitis: allergic 
rashes and itching problems: respiratOr)' disorders including asthma and tuberculosis: and 
E!astTointestinal disorders such as colitis and enteritis. The dosage on these disorders is individualized. 
Ifthcrapy lasts more than one week. tapering on and off the medication is needed. Over a two-to
three day period. the amount of medication is increased. building to a therapeutic level. After a few 
days at the therapeutic level. the dosage is decreased in the same manner as it was increased. Tapered 
dosing provides minimal interruption of the HPA feedback system. "Shon·bursr"" therapy, where 
higher doses are given over two to three days, may work for some patients just as well as longer 
therapy. Tapering is not needed using this dosing regime. 

Contraindications 
Systemic steroids arc conuaindicated in people who arc sensitive to the drug or its components. They 
are also contraindicated in people suffering from systemic fungal infections. 

Warnings 
Conicosteroids ma), mask the signs of infection and new infections may occur during their usc. There 
may be a decreased resistance and the inability to prevent the spread of infection. Conicosteroids will 
make fungal infections worse. 

Pregnancy 
ConicoSleroids arc in pregnancy category C. Chronic ingestion during the fim trimester has ended 
with an increase in cleft palates. Conicosteroids arc excreted into breast milk. Mothers taking 
conicosteroids should not breast feed. 

Children 
Prolonged conicosteroid use: may stunt gro\Nt.h. 

lnll!raC';onl 
The use of 

• Barbitur'ates. ephedrine, or hydantoins may decrease the effectiveness of conicoSleroids. 

• Estrogens and oral contraceptives, macrolide antibiotics. and ketoconazole decrease the 
clearance of conicosteroids. increasing their effects . 

. . 
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• Conicosteroids increase the chances oftoxiciry when taken with digitalis glycosidcs or 
diuretics. mainly due to hypokalemia. 

• C( . .:osteroids reduce serum levels and effecti\'~'ness of salicylates. 

Patient injorllUJl;On 

These compounds can cause GI upset: take with meals or snacks. Take single daily or alternate day 
doses in the morning prior to 9 A.M. Take multiple doses at evenly spaced intervals throughout the 
day. 

Patients on chronic steroid thCI'1lP)1 should wear or carTY identification to that effect. 

Notify your physician if you experience unusual weight gain. swelling ofthc lower extremities. 
muscle weakness, black tarr)' stools. vomiting of blood. puffing of the face. menstrual irregularities. 
prolonged sore throat,. fever. cold or infection. 

Signs of adrenal insufficiency include fatigue. anorexia. nausea. vomiting. diarrhea.. wei~ht loss. 
weakness. dizziness. and low blood sup:ar. Notify your physiCian promptly if these symptoms occur 
following dosage reduction or withdrawal of therapy. 

Self-Test Questions 
After you compk-te these quatiou. you mly clacck your Inswers.t tlae ead oflbe auiL 

404. EstrogeDS 
I. What is the function of estrogen? 

2. What effect can estrogen have on endometrial c.an:inoma in post-menopausal women? 

405. Progestins 
I. What is progestin? 

List the indications for medroxyprogesterone. 

3. What possible drug interactiQn can occur between medroxyprogesterone and bromocriptine? 

406. Oral contraccplivH---eSlroge .... pJ'OIdlin produets 
I . What are the three types of estrogen-pro,estin combination products? 

... What infonoation should be given to patients in regard to additional contraception when first. 
beginning oral contraceptives? 
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407. Oral antidiabetic agents 

1. What are the guidelines for oral hypoglycemic tnerapy'? 

2. How does metfonnin produce its action? 

3. What is the synergistic effect of rosiglitazone? 

408. Insulio 
I. Insulin is used to treat what conditions? 

2. What type of insulin is rapid-acting: with an onset of action beginning approximatel)' 30 minutes 
after SQ administration and Jasting roughly eight to 12 hours? 

' 3. What type of insulin is the only insulin that can be administered in an IV,? 

' -._-

4. What type' of insulin is an intermed late-acting. insulin routinely used in the management of 
diabetes mellitus. with an onset of action of about one hour following SQ administnnion. and a 
24-hour duration of effect? 

409. Tbyroid .ccats 
1. Thyroid honnonc~ is used to treat what conditims? 

2. What possible drug interaction can occur between estrogens and th)TOid hormone? 

410. Corticosteroids 
I. What art the two categories of conicosteroids? 

2. What warning is given for "conicostcroid use in children? 
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Answers to Self·Test Questions 

400 
J. Any organ thai produces 8 cenain secretion. 
2. External sccrnions. 

3. Hormones. 

4 . To regulate the activities of various body or,ans. 

401 
I. Gro\\1h honnone. thyroid stimulating hormone. adttnoconicotropic homont. !onldotropic hormone. and 

prolactin hormone. 
2 . The antidiuretic hormone and oxytocin. 

3. The thyroid ,land. 
4. Epinephrine. 

S. The glucoc:onicoich. the minc~loc:onicoids. and the sex hormones. 

402 
I. Renin. hydroxycholccaJciferol. erythropoietin. 

2. It promOicS the growth of peripheral lymphoid tissue. 

3. The seminal vcsicles. thymus. brain. and kidney medulla. 

403 
I. Swelling of the nttk due 10 an enlarged thyroid. 

2. Myxedm\8.. 

3. The patient will have. !oiler. rye bulging •• sm.incd facial_ppe_ranee. intense n~ousncss. loss of 
wcighl • rapid pulse. sweating. and. tremor. The paltcnl's metabolism is Slepped up to. super nue. 

4. Tetany. 
S. Hypofunctioao~tMadrmalconex. 

6. The pancrutjc islns do not produce enough insulin. supr is not oxidizrd (bmncd in the tWucs) for 
transfonnation into energy. Instead. sugar is excraed llonl with the urine. - . 

; . The patient must modify his or her dicL and at times must Wee oral medications lIlal increase the output of 
insulin by the pancreas. 

B. Dca-use il cannol be taken onlly because digestive juir:cs destroy insulin. 

9. Infection resistance is lowered. ancries may be seriously d.amqed.. puipheral nerves arc affected also. with 
accompanying pain and loss of sensation. 

10. Menopause is the last menstrual period and the c~ of hormone excmion from the ovaries. 

II. Infant sucldin, disrupts the hannonal flow. 

404 
I . They are essential for the nonnal 5Cxual dn'elopment of the female and for the regulation of the menstn1lil 

cycle during childbearing yean. 

2. Estrogens can increase the risk of endomeaial carcinoma. 

405 
I . Progestin is I corpus luteum honnone that prepares the endometrium for implantation of the fenilized egg. 

2. Amenorrhea and abnonna l werine bleeding. 

3. Mcdroxyprogesterone can cause amenorrhea and ~llactOrrhca. which would countcraCt the desired effect of 
bromocriptine. 



406 
J. 
2. 

407 

Monophasic. Bipasic. and Triphasic . 
Use an additional fonn of contraception during the first week of me first cycle (first pack) of this 
contraceptive. 

- '- . 
1. Onset of diabetes at >"' 40 years of age. obese or normal body weight. duration of diabetes < S years. 
fasting serum glucose <'" 200 mgfd!' insulin requiremem < 40 units/day. absence ofrenal or hepatic 
dysfunction. 
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2. Metfonnin decreases hepatic glucose production. intestinal absorption. and improves insulin 5msitivity. 

3. II uses a different mechanism than sulfonylureas 10 produce the same effects so the two add together. 

408 
). Diabetes mellitus. diabetic ketoacidosis. and hyperkalemia. 

2. Regular insulin. 

3. Regular insulin. 
4. NPH insulin (isophanc insulin). 

409 
J. HypOlhyroidism. cretinism. myxedema. and goiter. 

2. Patient response to thyroid therapy may be decreased. 

410 
I. Mineraloconicoids and ~ Iucoconicoids. 

1. Prolonged conicosteroid use may Slum growth. 

Do tbe uait revi~· enrc:ises befOH goiaC to tbe Dut uait. 



Unit Review Exercises 

Nolr to Studeat: Consider all choices carefully. select the best answer to each question. and circle 
the correspond ing lener. When you have completed all unit review exercises. transfer your answers to 
Eel Form 34. Field Scoring Answer Sheet. 

Do Dot mum your aoswer shHt 10 Eel. 

I. (400) Inte. what category of secretions do digestive juices and tears fall? 
•. Honnones. 
b.lnlemal. 
c. External. 
d. Endocrine. 

2. (400) The gland that has the richest blood supply is the 
a. pancreas. 
b. stomach. 
c. saliva!')', 
d. adrenal. 

3. (401) Which honnone stimulates the growth of bones. muscles. and other organs? 
a . Thyrotropic. 
b. SoPlltouopic. 
c . Gonadotropic. 
d. Adrenoconicotropic. 

4. (401) Which hormone is produced b)' the parathyroicf? 
•. Thyroxin. 
b. Calcitonin. 
c. Parathonnonc. 
d. Hydroxycholccalciferol. 

5. (401) Which honnonc is active in glucose tnUlspon across the cell membrane? 
a. Epinephrine. 
b. Aldosterone. 
c. Conisol. 
d. Insulin. 

6. (40::!) Which honnone in nOI produced by the kidney,? 
8 . Renin. 
b. T estosterOM 
c. Erythropoietin . 
d. Hydroxycholecalciferol. 

7. (402) The organ 'that produces honnones that stimulate lymphocyte production is the 
•. kidney. 
b. placenta. 
c. thymus. 
d. pancreas. 
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8. (403) After the: parathyroid glands are removed. a low concentration of calcium in the blood results 
causing 
a. tetanus . 

. - -b. tetan)', 

c. Addison's disease. 
d. A thyroid stann. 

9. (403) Hyper-function ofthe adrenal cone>.:.. characterized by thin. easily bruised skin. muscle 
weakness. and bone loss describes what condition? 
a. Diabetes mellitus. 
b. Hyperthyroidism. 
c. Addison's disease. 
d. Cushing's syndrome. 

10. (403) Which ofthe following is NOT a long-tmn complication of diabetes? 
•. Decreased sucrose levels. 
b. Lowered infection resistance. 
c. Anerial damage. 
d. Peripheral nerve damage. 

) 1. (403) When is a woman considered postmenopausal? 
a. After the completion of her last menstrual cyclc. 
b. After 6 months of not having a menstrual cycle. 
c. After onc year afnm baving a menstrual cycle. 
d. At the beginning of her last menstrual cycle. 

12. (404) What interaction occurs between estrogens and corticosteroids'? 
a. A decrease in the phannacologic effects of corticosteroids. 
b. An increase in the phannacologic effects of corticosteroids. 
c. A decrease in the pharmacologic effects of esu~en. 
d. An increase in the phannacologic effects of estrogen. 

13. (405) Progesterone aids in the treatment of amenorrhea by 
. a. softening the endometrium. 
b. hardening the endometrium. 
c. keeping the endometrium from forming. 
d. enhancing the muscle contractions to expel the endomenium. 

14. (405) What should a patient Using medroxyprogesterone be told concerning fertility? 
a. There is no affect on fertility. 
b. Fertility is enhanced. 
c. Fertility may never return. 
d. Fertility will return within twO years. 

J 5. (405) How.often must medroxyprogesterone be injected to provide effective contraception? 
a. Monthly. 
b. Every three months. 
c. Every six months. 
d. Yearly. 
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16. (406) Which type of oral contraceptive contains fixed dosages of estrogen to progestin throughout 
the cycle? 
a. Monophasic. 
b. Biphasic. 
c. Triphasic. 
d. Quadraphasic. 

17. (407) How do sulfonylurea hypoglycemic agents lower blood glucose? 
a. Inhibits insulin ~Icase. 
b. Stimulates insulin release. 
c. Jncreases sensitivit), to insulin. 
d. Decreases sensitivity to insulin. 

18. (407) What is the equivalent dose of glipizide to 5 mg of nonmicronized glyburide? 
a.2mg. 
b.5mg. 
c. 10 mg. 
d. 20 mg. 

19_ (407) Which drugs can enhan,e the hypoglycemic effectS of sulfonylureas? 
a. Sea blockers. 
b. Hydantoins. 
c. Digitalis glycosides. 
d. H2 antagonists. 

20. (407) Which antidiabetic agent may cause lactic acidosis? 
a. Metformin. 
b. Glyburide. 
c. TroglilaZone. 
d.lnsulin. 

21. (408) Which type of insulin can be given intravenously? 
a. NPH. 
b. Lente . 
c. Ultralente. 
d. Regular. 

"11. (408) Which drugs dccrease the hypoglycemic effects of insulin? 
a. Tetracyclines. 
b. Beta blockers. 
c. Thi~ide diuretics. 
d. ACE inhibitors. 

23. (408) Tell the patient to store all insulin 
a. in the refrigerator. aCqJt the bottle cum:ntly being used. 
b. in "the freezer until ready for use. 
c. II room temperatun:. 
d. in the refrige_rator. 

24" (409) Why are synthetic thyroid Igcnts preferred over natural products? 
a. S\,nth"etic-aeents coslless. 
b. SYnthetic agents have more unifonn standardized potency. 
c. Nalunl products ~ harder to obtain. 
d. Natun) products have marc interactions. 



25. (409) How do thyroid hormones and beta blockers interact? 
a. Beta blocker action may be enhanced. 
b. Beta blocker action may be impaired. 
c. Thyroid hormone action may be enhanced. 
d. Thyroid honnane action may be impaired. 

26. (410) Which category of con icosteroid is known for its anti-inflammatory effects? 
a. Mineraloconicoids. 
b. Natural conicoids. 
c. Glucoconicoids. 
d. Synthetic conicoids_ 

27. (4 )0) Which drug must prednisone be metabolized into before becoming active? 
a. Prednisolone. 
b. Dexamethasone. 
c. Methylprednisolone. 
d. Triamcinolone. 

28. (410) How can prolonged corticosteroid use affect children? 
• . Accelerate their groMh. 
b. Stunt their grO\\1.h . 
c. increase muscle mass. 
d. Decrease muscle mass . 
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Please read t be unit meau for uait 2 and eonlinur .. 
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Student Notes 



Unit 2. The Digestive System 
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THIS unit deals with the digestive system. The digestive system performs a vital function
preparing food for absorption and use by the millions of body cells . The majority of food when 
eaten is in a form that cannot reach the cells because it cannot pass through the intestinal 

mucosa infO the blood stream: nor can it be used by the cells even if it could reach them. 

In the following information. we will discuss anatomy and physiology oftbe digestive system, some 
conditions associated with this system. and drugs used to ueat those conditions. 

2-1. Anatomy and Physiology of tbe Digestive System 
In this section. we will study the system that converts food into nourishment for all our body cells. 
This process is not so simple as it might seem. A solitary cell would be baffled if a fragment of food. 
in the state that is familiar 10 US, appeared across the lake oftissue fluid and sought admission. Food 
must be convened 10 a state in which the cells can absorb the nutrients. This conversion process is 
known as digeslion. Once the food is digested. it must be uansf~ to the blood or lymphatic 
vessels. This transfer process is known as absorplion. Dig:estion and absorption are the two chief 
functions of the dig:estive system. . 

For purposes of srudy, the dig:estive system (fig. 2-1) may be divided into two !J'Oups of organs.. the 
alimental)' canal and accessory organs. AIi",entary canal is a continuous passageway that begins at 
the mouth. where food is taken in. and terminates at the anU$. where the solid waste products of 
digestion art: expelled. Acces.sory orgaru. while vitally neceSSll)' for the digestive process. are nOl 

-~rt of the alimentary canal. 

411. Alimentary canal 
The alim~nlary conal is a muscular digestive tube extending through the body. 11 is composed of 
several pans: the mouth. phorynx. ~.sophQgus. the slomach. small inlesI;ne. and largt imesline. In this 
lesson there will be a separate seclion devDled to the accessory org:ans. After finishing our study of 
the alimentary canal. we will be familiar with the main functions of these body pans. 

The word aliment comes from a Latin word that means -food- or - nutrients." Those foods that 
undergo changes and are absorbed into the blood leave the tube from the region of the small intestine. 
Indigestible substances. such as the cellulose in food. pass through the alimentary canal and arc 
expelled from the body. 
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Fig __ 2-1. TM digntiw ."AIm. 
Mouth (oral caviry) 
A digestible substance begins the tour ofthe alimentary canal in this c;avcm. The oral c;avity has three 
purposes: 

I . Receives food. 

:!. Prepares food initially for the digestive process. 

3. Aids in the accomplishment of speech. 

The lon~ue. a muscular accessory orpn for digestion. projects into the mouth. The tongue aids in 
chewing and swallowing and is one of the principal organs ofspecch.lt has a number ofspcciaJ 
organs on its surface c;aJled lasle buds, which differentiate taste sensations (bitter. sweet. sour. or 
salty). This c;avity also contains teeth. 1'here arc 20 teeth in a child between two and six years of age . 

. -=fAe...edu)t. with. complete set. has 32 teeth. The cuaing teeth. or incisors, OCCUP)' the front pan of the 
oral CI"·ity. while the lar!er !-rinding ceeth,. the molars, arc in the back ponion. 

Decidlloll$ (InIby l~elh) 

The first eight deciduau! ltelh to make their appearance throup the gums arc the incisors. Later. ihe 
canines (eyeteeth) and molars appear. Usually. the 20 baby teeth make their appearance by the time 
the infants pass their second bin.hday. During this time. the permanent teeth continue developing 
within the jawbones. The first pennanent tcclh 10 appear a~ the y~' imponant six-year molars. The 
molars come in before the babr incison arc lost and a parent may not realize that key pennancnt teeth 
have appeared. Deca~' and infection of the adjacent deciduous molars may spread to and involve the 
new permanent molar tooth. Deciduous teeth need proper care in order to help preserve the six-year 
molars and other permanent teeth. 

, 
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Permanent teeth 

Althoug.h the buds for the second set of teeth 8rc present at binh. the first pennanent tooth does not 
usually appear umil the child is about six years old. At that time. the first molar. the keystone fOT the 
future grinding surfaces. appears in the space behind the baby molars. As the child grows. the 
jawbones also grow: therefore. there is space for more teeth than 3TC in the first set. After the first 
permanent molars appear, the baby incisors loosen and are replaced by permanem incisors. Then the 
baby canines (cuspids) are replaced by permanelJ! canines. and the baby molars are replaced by the 
permanent bicuspids (premolars). Now the larger jawbones are ready for the 12-year or second 
permanent molar teeth. Somewhat later. the third molars. the wildo1l1 teeth. appear. If the jaw is not 
large enough or if there are other abnormalities. these teeth mav have to be removed earl\' in life. . . 
Saliva." glauds 
Another function of the oral cavity is the production of sa/iva. The purpose of saliva is to dissolve the 
food and to facilitate the processes of mastication (chewing) and deglutition (swallowing). Saliva also 
coats the food with mucus so it can be easily swallowed. The chemical function of saliva will be 
discussed later in this lesson. 

Saliva is manufactured by thr« pairs of ~Iands. which are also accessory organs: 

I. Parotid glands-The largest of the grouP. thry are located near the ear. 

~. Submandibular or submaxillary glands-Located near the body of the lower jaw. 

3. Sublingual glands-Located under the tongue. 

The parotid sali\'81')' glands are infected in the conta~ious diseast commonly caUed mumps. The 
infecting agent is a virus. Paro/itiJ. inflammation of the parotid glands. may lead to inflammation of 
the testicles by the same virus. Males affected after pubeny are at risk for pennanent damage to these 
sex organs and can become sterile. Another complication that may occur in J 0 percent of all cases is 
meningitis. As is true of many contagious diseases. mumps is now preventable by routinely giving a 
vaccine to children early in life. 

Layen of tbe alimentary eanal 

Beyond the oral cavity and throat. the walls of the alimentary canal from the esophagus to the anus 
are similar in structure, but modified to pcrfonn particular functions. Beneath the mucosa is a layer of 
connective tissue containing blood vessels and nerves. Next come layers of involuntary muscle tissue 
with a mosl interesting function. When food reaches the first pan of the canal (the esophaguS); it 
stimulates the muscle tissue to produce a rhythmic. wavelike motion known as p~rilIQllil. Peristalsis 
transpons food the entire length of the alimentary canal and mixes with digestive juices ~n roUf~. 

The involuntary muscle layers include an outer longitudinal one whose fibers run lengthwise. and an 
inner circular layer that reduces the size of the lumen during contraction. In some areas. the circular 
layer is markedly thickened to fonn valves that close openings. These muscular valves are called 
lphinCll!rl. 

The finallaycr of the alimentary canal is fibrous connective tissue except for those parts that extend 
into the abdominal cavity, which have an additionaillyer called peritoneum. 

Pha~'nx and Hophagus 
The pharynx is often referred to as the thrOQt. The tongue pushes food into the pharynx. Walls of the 
pharynx and tongue are voluntary muscles lined with a mucosa. The tonsils can be seen at either side 
of the pharynx. The loft palo/I! is muscular tissue that fonns the hack of the roof in the 01'111 cavity. 
The soft palale guards the opening 10 the nasal cavity from the upper pharynx and prevents foods and 
liquids from entering the nasal cavities. When swallowing. the pharynx muscles contract constriCling 
the space. At this time. the openings into the air spaces. both above and below the mouth. are closed 
by the soft palate above and by the ~p;glonil (a leaf-shaped lid). 



The esophagus or gullel receives the contents of the contracting pharynx and fo rces them on by 
peristalsis. The esophagus-about 12.5.cm long--extends tl' ,-ough the ned. and the thorax. After 
passing through the diaphragm, the esophagus reaches the abdon, l al cavity, There il empties into a 
saclike structure, the stomach. 

Stomach 
The stomach is actually an enlarged (dilated) section of the alimentary tube shaped like a gourd 
(fig. ~-2). Both ends of the stomach are guarded by sphincters that pennit substances 10 pass in only 
one direction. The first .ofthese is the lower esophageal sphincter. )o:;aled berween the esophagus and 
Slomach. We are frequently aware of the existence of this sphincter: sometimes it docs not relax as it 
should. and there is a feeling of having a place one can't swallow past. At the distal or far end of the 
stomach. connecting it with the small intestine, is the other valve called the pyloric sphincter. This 
valve is especially imponant in that it plays a role in detennining how long food remains in the 
stomach. 

FigUN 2-2. LongltudiMI MCtion of atomec:h and a pcHtion or IN duodenum. ahOwtng 6neIrrior. 

The stomach is a combination storage pouch and chum. There are many folds in the lining of an 
empty stomach. These folds are called rugae. and they disappear as the stomach dilates (it may be 
stretched so that it holds a half gallon offood and liquid). When the stomach is filled. the pyloric 
sphincter closes and retains the contents until the food has been mixed with digestive juices 
collecti\'ely called gasrricjuices. These juices are secreted by many glands in the stomach wall . The 
mixtu~ of pstric juices and food is known as chyme. 

The @astricjuice itSelf has two main components. hydrochloric acid and en:ymes. The hydrochloric 
acid in the stomach juice has three imponant functions: . 

I. Softens the ·c:onnective tissues in meat. 

:1: . Kills bacteria and thus destroys many potential diseasc·producing agents. 

3. Activates at least one of the stomach enzymes. which a~ chemicals that begin the digestion 
offood. 

An abnormally 10\\; production of stomach acid may cause digestive disturbances that are pady 
a~\'8ted b)' soda or other alkaline subS1ances contained in many patent medicines used 10 relieve 
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indigestion. Such self-medicat ing substances neutralize the valuable nonnal functions of the stomach 
acid. and in many cases cause grave harm. Occasionally. hydrochloric acid is produced in excess. and 
its presence can be determined by an analysis of the stomach £ontems. This condition is called 
hyperacidity and may be associated with ulcer disease. 

PylOric sphiDcter 

The pyloric sphincter is a ringlike muscle surrounding the end ofthc stomach. Normally. the stomach 
contents escape through this muscular ring in about two to six hours after eating. This action may be 
delayed by a spasm of the muscle (pylorospasm).)" some infants. more often males. there may be a 
congenita l obstruction called pyloric stenosis. Usually. surgery is required to modify the muscle so 
food can pass from the stomach into the duodenum. 

The small intestine 
The small intestine is the longest pan of the alimental')' canal. It is known as the smal l intestine 
because its diameter is smaller than that of the lar@e imestine. The small intestine is about 6 m (20 
fcct) long compared with 1.2 m to 1.5 m (4 or 5 fcct) fo r the large intestine. In addition. the mucosal 
surface of the small intestine has a greatly increased surface area-aue to the presence of tiny. finger· 
like projections called villi. The first 25 cm to 27 cm (10 to 12 inches) of the small intestine is called 
the duodenum. The pancreas and liver. rwo accessol)' organs. carry digestive juices through fWO ducts 
into the duodenum. Pancreatic juice arrives in the duodenum by way of the pancreatic duct. while bile 
from the liver and gallbladder is carried by the commo" bile duel. Bile contains no enzymes.. but it is 
imponant in the digestion of fats. The small intestine secretes its own inteSlinaljuice. As the chyme 
passes into the duodenum. it is exposed to several digestive juices. 

Two more divisions of the small intestine an:: 

I. Jejunum-Forms the next rwo--fifths of the small intestine. 

2. Ileun~onstitutes the remaining ponion of the small intestine and joins the la!,!e intestine 
through a muscular ring called the ileocecal va/u. 

The food in the stomach is panially digested by JM gastric juices.. but the small intestine is the organ 
where most of the digestive and absorptive processes occur. We shall have a closer look at these rwo 
processes. 

DigestioD 
The lesson on blood pointed out that blood plasma contains water. food substances. and mineral salts 
that together are necessary for the life and growth of the cells. Ingested foods must be converted to 
simple substances before they can nourish the cells. This conversion process is called digestion. 

Let us review the basic materials found in food needed for cell nourishment: 

I. Carbohydrates include starches and sugars and contain the clements carbon. hydrogen. and 
oxygen . 

., Fats are more concentrated in fuel value than carbohydrates and arc imponant for the 
absorption of certain vitamins. 

3. Proteins and water arc imponant for protoplasm formation. 

4. Mineral salts include a large variety of somewhat simpler compounds than those mentioned 
previously. Salts maintain the proper conditions for osmosis in the cells. form a pan of the 
body structure (as in bone). and play an important part in such life processes as muscle 
contraction. nerve responses. and blood cloning (see following table). 
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Mineral S.'ts 

Minerals Functions Sources DeficienCIes 

Potassium (K) Nerve and muscle activity Fruits and other foods Muscular and neurologic 
disorders 

Sodium eNs) Body fluid balance Most foods and table satl Weakness, cramps, 
diarrhea. dehydration 

CalCium (Ca) Formation of bones and Dairy products. eggs Rickets, tetany. bone 
teeth, blood dotting. nerve demineralizahon 
conduction 

Phosphorus (P) Formation of bones and Beef, egg yolk. dairy Bone demineralizatIOn. 
teeth required for products abnormal metabolism 
processes that need 
e .. llIY 

Ircn (Fe) Oxygen ClImer Meat, eggs, spinaCh, Anemia, dry skin. 
( ... ';""'1_, ""'_ Indigestion 

Iodine (I Thvroid hormone~ Seafood. iodized .aft H ism. Qoiter 

Magnesium (Mg) Clitltysl for enzyme Green vegetables Spasticity .• rrhythmia .... 
reactions. carbohydrate vasodilation 
metlbolism 

Manganese (Mn) catllySt in the aaions of Legum::tv",uts. ceruts. Possible reptOdudive 
caldum and phosphorus I OOMn '" ve ........ . -

Copper (eu) Necessary for absorption Liver. r.tI. oystett., --and oxidation of vitamin C leg .......... 
and iron .~ in formation of 
hemoglobi. 

Cobllfl (CO) Part of vitamin Bu. Animal produds Pemicous anemia 
invOlved in blood cell 
Production and in synthesis 
oHnsulin . 

Zlnc (Zn) Promotes carbon dioxkSe Monr- _ (boldness). 

metlboliam. aids in the poutiy reiated to 
breakdown of l)f'OIeins. .-Fluonne (F) Prevents tooth dec:.y Water and many foods Dental caries 

S. Vitamins help regulate cell metabolism and are essential food substances for good health (see 
following table). --Vrtamins Fun--.. SOUI'CeS Deficiencies 

Retinol (A) Required for heatthy Yellow vegetables, fish· Neght ~s. dry scaty 
~1iII1 tiMues and Mroits -"" eye pigments 

TNamm (8,) Required tor some Pert, cer .. ' "rains Beriberi .• disease of nerves 
enzyme systems (neuritis) 
invotved in mnverting --Riboftavin (Bz) Needed for enzyme Mille., eggs. kidney, tiver S«m and tongue dl$On:ters 
systems that aiel 
oxidation of sugars 
and amino acids 
(proteinl) 

Niacin (nicotinic add) InvOlved in oxidation Yeast, tea" meat. lNer Pellagra with dermatitis. 
of carbohYdrates diannea mental disorders 

Pyndoxine (6,) tnvolved in liver. rice, milk, cerealS Skin disorders, anemia, aaa 
metabolism of various of_ 
foocI sUbstances. 

, 



Vit~m;ns 

Vitamins FunctIOns Sources Deficiencies 
transpan of ammo 
acids 

Pantothemc acid Essential for normal Yeas!. liver, eggs Skin lesions. gray hair 
growth 

Cyanocobalamin (8'2) Produdion of blood 
cells (hemopoiesis) 

Meal, liver, milk, eggs Pernicious anemia 

Biotin InvOlved in carbon Peanuts, hver, Ladt of coordination, 
dioxide and fal tomatoes . eggs dermatitis 
metabolism 

Folic acid and folates Required for Vegetables. liver Anemia , digestive dlSorder5 
synthesis of amino 
acids in DNA 

Ascorbic add eel Maintains heanhy lIOn Citrus fruits, green Scurvy. poor bol"M!! and 
and mucous vegetables wound healing 
membl'llnes synthesis 
of collagen 

Calciferol (0) Aids in absorption of Fish liver oils. sun on Rickets, bone deformities 
calcium from skin o~s 
intestinal tract. and 
~revents rickets 

6, Water is one of our big~eS1 necd5. Water <:onstitutes about 66 percent of an adult's body 
composition. Our diet provides a larte amount of our water needs. Fruits and vegetables 
contain about 80 percent water and meats and fISh are S~7S percent water. 

NOTE: Vitamin E has been omined because its role in normal nutrition is not established. It is 
widely distributed in common foods. 
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The chemical action of digestive juices exInlc:tS vitamins and minerals so they can be absorbed. Most of 
the digestive juices contain chemicals ~own as m:ymes which speed up the chemical reactions that 
help breakdown food. Although enzymes enable the chemical ract.ion to take place. the enzymes 
themselves do not enter into the reaction. For example. an enzyme may help separate a basic protein 
from the rest of the food. but the eniyme itself does not become a pan of the protein. There are several 
different enzyme~ and each acts on a specifIC food compound and no other .. For example. some 
enzymes act only on fats. others act only on aarches. and 50 forth. But let us sec: what happens 10 a mass 

·-offood from the time it is taken into the mouth to the moment thaI it is ready to be absorbed. 

When food is chewed. saliva (the fust di~estivejuice) softens the food so it can be easily swallowed. 
Saliva contains the enzyme sa/ivary amyJas~. which initiates the process of digestion by changing some 
of the starChes into sugars. Carbohydrates are found in the blood plasma in the form of simple sugar 
(glucose). and we should begin to understand where this blood sugar originates. When the food reaches 
the stomach. it is acted upon by the gastric juice. which contains hydrochloric acid and cerrain ~mes. 
Gastric juic:t functions similarl)'" to hydrochloric acid on liquefying food. The most imponant functions 
of the gastric juice are those related to the actions of the hydrochloric: acid and the liquefying of the 
food. In addition. the enzyme pepS;" has some action. panicularly on proteins. Although secreted by the 
gastric lining cells in an inactive fann. pepsin is activated by the presence of hydrochlo,.ic acid in the 
stomac:h. aiding in protein digestion. Nearly every type of protein in the diet begins digestion with the 
action of pepsin. The stomach' s churning action mixes food. p.stric juice. and mucus (secreted by cells 
from the stomach ..... all) until the semi-liquid substance. chyme. is fanned. From the stomach chyme 
proceeds to the small intestine for more che.m.ical treatment. 

Greenish vellow bile from the liver and gallbladder go through the common bile duct into the 
duodenu~ and mix with the chyme. Bile does not contain enzymes: its action is purely mechanical. It 
works on faL &Cting as a son of liquid crowbar that splits the bits offal into even smaller panicles so 
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the pancreatic digestive juices can act morc efficiently. The pancreatic juice contains a number of 
enzymes including lipase. amylase. and trypsin. 

Lipase 
Following the physical division of fats into tiny panicles by the action ofbiJe. the powerful pancreatic 
lipase does almost all the digesting of fats. In this proce~..;. fats 8~ usually broken down into two 
simpler compounds. glycerol and fatty acids, 'which are more readily absorbable. Jf pancreatic lipase 
is absent. fats are expelled with the feces in undigested form. 

Amylase 
This changes starch to sugar. 

Trypsin 
Trypsin splits proteins into amino acids. The amino acids enable the proteins to enter the blood 
stream. The intestinal juice contains a number of enzymes. including three that act on complex suprs 
to change them into a simpler form for absorption. These are ma/lase. sucrase, and /aclase. 

NOTE: Most of the chemical chan~es in foods are caused by the pancreatic juice (which could 
probably adequately digest all foods even ifno other digestive juice were produced) and occur in the 
intestinal tract. 

This, in 8 nutshell. is the process of di~estion. Note that the food materials the enzymes break down to 
absorbable fonns are carbohydrates (such as sugars and starches) fats, and proteins, Mineral salts 
dissolve in water and are absorbed as is. Vitamins behave differently according to their type. Some 
are incorporated in fats and absorbed along with the fats. Other vitamins are dissolved in water and 
absorbed in much the same v. .. y as mineral salts. Still other viwnins (such as vilamin K) are 
produced by bacterial action in the colon and are absorbed via the large intestine (See following 
table). 

Juices.nd Ellrwnes 
Juices and GiandS Pillet of ActioI'I Changes in Foods 

Saliva from three pairs of Onol coviIy ~~am,1l1e &eg;ns _!'til digestion 
salivary glands I iii, 
Gastric juice from the ItOmICh S ...... eII "- Begins protein digestion 
wall 

PanO'l!atie ju$Oe from the SmaUintestine ........... TI)'POin._ Acts on starcheS Ads on 
pancreas proteins Acts on fats 

IntestlMI Juice from the SrM!! Small intes1ine LActase. ~nase, BreakS down compte. 
intestine (tublrlar atands) Sucnos. luaars into simpler forms 

Bile from the her Small intestine None BreakS down fats 
phyIicalty 10 thallipue 
C8n dioest them .-

Absorption 
Di~eSted food reaches the bloodstream by a process known as obsorpzion. The small inteStine is the 
chief organ of absorption. This process takes place through the mucosa b,,· means of its countless -
minute projections known as villi. The villi arc so small and numerous that they @ivea velvety 
appearance to the lining of the small intestine. Each villus is epithelium underlaid with connective 
tissue. Within each villus is a system of miniature ancries and veins. bridged with capillaries. The 
basic food materials. including water and salts. v.'ith the exception of most fats . are absorbed into the 
bloodstream through the capillary walls ofthc villi. From here, the)' pass by way ofth~nal system 
to the liver to be Stored and used as nceded. 

Fats have an alternative method of reaching the bloodstream. As noted. some fat is absorbed by way 
of the blood capillaries of the villi, Howevcr~ most fats are absorbed by way o~ the lymphatic 
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capillaries of the villi, which are called laeleo/s. The word "lacteal"' means "Iike milk:' an apt 
description of its appearance. After a quantity offat has been digested. a mixture of lymph and fat 
globules appear which comes from the small intestine. This mixture of fat and lymph. called chyle. 
collects in the cisterna chyli and eventually reaches the bloodstream. 

In summa!')'. the products of the digestive process. (simple sugars, amino acids. fatty acids. and 
glycerol) are absorbed into the capillaries of the villi. 

The large intestine 

Once the processes of digestion and absorption take place in the stomach and small intestine. all that 
remains is water and food panicles that are of no use 10 the body. These materials and anything else 
that may be indigestible will pass out of the body through the large intestine. 

From the small intestine, the materials to be eliminated continue through the ileocecal valve and enter 
the small pouch at the beginning (proximal) of the large intestine. This pouch is called the cecum and 
is located in the lower iliac region of the abdomen. A small blind tube called the vermiform appendix 
is attached to the cecum. "Vennifonn" means wormalike. 

The next pan of the large intestine is called the colon. The colon has four subdivisions: 

I. Ascendin8 colon . 

.=!. Transverse colon. 

3 . ....Descending colon. 

4. Sigmoid colon. 

The ascending colon extends upward from the cecum along the right side toward the liver. There it 
bends. extendin~ across the abdomen to the left side. fanning the transverse colon. AI this point. the 
colon bends sharply and extends downward on the left side of the abdomen inlo the pelvis. This pan 
is called the descending c%n. The lower pan of the colon bends posteriorly in an S shape and 
continues downward, fanning the sigmoid colon. The sigmoid colon empties into the reClum. a 
portion about IS em to -:20 em long. The rectum serves as a tempormy storage area for the indigestible 
and unabsorbable food residue. A narrow portjon of the distal pan of the large intestine is called the 
anal canal, which leads to the outside of the body through an opening called the anw. 

No enzymes are secreted by the large intestine. Its walls are lined with mucous membrane and contain 
layers of involuntary muscle that move the solid waste products. called/eca! mailer. toward the 
rectum. Absorption of large amounts of water takes place through the walls of the large intestine. The 
action of bacteria within the large intestine aids in the production of viwnin K and some of the S
complex vitamins. 

412. Digestive system structures 

AttHSOry system strurtures 
Accessory structures of the di~estivc system are the: 

• Liver. 

• GallbJadder. 

• Pancreas. 

The liver 
The liver. or hepar. is the largest of the ~Iandularorgans of the body. It is located under the dome of 
the diaphragm so that. if nonnal size. il cannot be felt through the abdominal wall. The human liver is 
the same brollo'nish red color as the animal livers seen in the market. It has a large right lobe and a 
somewhal smaller left lobe. as well as two other lesser lobes. The liver has a double blood supply: the 
penal vein and the hepalic anery. These two vessels deliver about 1 and 112 quartS of blood to the 
liver ~cry minute. The hepatic anery carries oxygenated blood. whjl~ the ponal system of veins 
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carries blood that is rich in the end products of digestion as well as in other rav. malerials required for 
metabolic activities in the liver. This most remarkable organ has 50 many functions that only some of 
its major activities are listed below: 

- +. Stores glucose (simple sugar) in the fann of g~vcogen. an animal starch. When the blood 
sugar level falls below nannal. the liver cells convert glycogen to glucose and releases it into 
the bloodstream. This restores the nonnal concentration of blood sugar. 

Produces albumin. fibrinogen, and certain other blood plasma proteins. 

3. Synthesizes urea, a waste product of protein metabolism. Urea is released into the 
bloodstream for transpon to the kidneys for elimination. 

4. Modifies fats so they can be more efficiently used by cells all over the body. 
5. Manufactures bile. Liver cells synthesize bile salts, the substances that aid in the digestion of 

fats. Bilirubin. a pigment rclca.scd during red blood cell destruction in the spleen. is extracted 
from the bloodstream and elminated in the bile. 

6. Detoxifies (removal of poisonous propcnies) harmful substances such as alcohol and cenain 
drugs. The end products resulting from these activities are eliminated in the bile. 

7. Manufactu~s heparin. a substance that prevents cloning of blood. 

Tile gallbladder 

The ~allbladder is a muscular sac that serves as a storage pouch for bile. The liver may manufacture 
bile continuously: however. the need for it is likely to arise only a few times a day. Consequently. bile 
from the liver flows into the liver ducts and then up through the duct connected with the pllbladder. 
When chyme enters the duodenum. the pllbladdcr contnacts. squeezing bile into I duel Jeading to tM 
duodenum. 

Th~ pan~nllS 

The pancreas produces the pancreatic juice, an extremely powerful substance because it contains 
digestive enzymes. Since it is usually confined to its proper channels. the action of the pancreatic 
enzymes win not damage body tissues. However. it may happen that the pancreatic duct becomes 
blocked. and these enzymes will then back up in the tissues that are not suppose to receive them. 
Also. the pancreas manufactures a substance caned insulin which is released directly into the blood 
and has the function of regulating the amount of sugar that is "bumecf" in the tissues. 

Tbr prritoneum 
The periloneunI is a serous membrane that covers the surface of most of the abdominal organs to form 
the visceral serosa and lines the abdominal wall 10 form the parietal layer. In addition to these parts of 
the peritoneum. there are more complex double layers of membrane thai separale the abdomen iDlo 
areas and spaces and. in some cases, help suppon the organs and hold them in place. 

The mesentn')' is a double·laycred peritoneal structure shape- somewhat like a fan. with the handle 
p.Jnion anached to the back wall. The expanded Ion! edge is attached to the small intestine. Between 
the ""'-0 layers of membnane that fonn the mesentery are the blood . ~Is. nerves. and other 
structures that supply the intestine. 

Another doubJe·Jayered peritoneal structure. called the greater omentllm. hangs downward from the 
lower border (greater curvature) of the stomach. This double layer ofpe:riloneum extends into the 
pelvic pan of the abdomen and then loops back and up to the transverse colon. II has been aptly 
described as an apron inside the abdomen. It can. in some cases, serve to prevent the spread of 
infection inside the abdominal cavity. There is also a peritoneal structure called the le~er omentum. 
which extends between the stomach and the liver. , 
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413. Conditions associated with the digestive system 

There arc a wide variety of disorders associated with the digestive system . This lesson begins with 3 

. QiScu5sion of diseases of the mouth and teeth. then discusses the stomach and intestina l disorders . 
Next. it covers disorders of the accessof')' structures. and finally disorders of the peritoneum. 

Diseases of the mouth and tttth 

This lesson talks about diseases that art common in the mouth and teeth. These include gingivitis. 
pyorrhea. and tooth decay. 

Gingivilis 

Infection of the gum is called gingiviliJ. while infection of the ~St of the mucous lining of the mouth 
is called SlOmarilis. Stomatitis is a problem for people who use antibiotic types of Jozen~es. These 
medicated ..... afers may encourage fungus infections of the mouth and tongue. 

Vinunl's angina (trench mouth) is a kind of gingivitis. causing redness and ulceration of the mucous 
membrane of the mouth and gums. It is contagious and is caused by a spirochete. 

Pyorrhea 

Pyon-hea is an inflammation involving the tooth socket or alveolus. It is accompanied by discharge of 
pus. so the name is really pyorrhea alveolans. 

Toolh decay 

T oath decay or dental caries, which means ""rottenness," has a number of causes. It is a prevalent 
disease in persons consuming high quantities of supr. In addition to diet. such factors as heredity, 
mechanical problems. and endocrine disorders are believed to playa pan. Since a baby' s teeth begin 
to develop before binh. the diet of the mother during pregnancy also is very imponant in ensuring the 
fonnation of healthy teeth in her baby, 

Stomach disorden 
These dis~rders .art becoming more and mort common as our lifestyles become more stressful. 

Heanbllrn and GERD 
A Imost everyone has suffered from heanbum 'or "acid indigestion" at one time or another. For most 
people, the burning feeling from behind their breastbone comes only once in a while. perhaps after 
eating greasy fast food or a huge Thanksgiving dinner. For others. the gnawing bum is a daily 
occurrence thai requires a conStant supply of antacids to stop the pain. 

All true cases of heanbum are caused by the back flow of digestive juices from the stomach into the 
esophagus . We 've already discussed what is in the digestive juices-diluted hydrochloric acid and the 
enzyme. pepsin. The combination of the two would eat through the wall of the stomach if it weren'l 
lined with thick mucous. The esophagus isn't as well protected. When the lower esopho(!eal sphincter 
relaxes (it does Ihis several times daily in healthy people), some digestive juices may slosh up into the 
esophagus, This upward flow is called acid nj/ux or goslroesophogeo/ r~j/ux. Usually. the juices 
don't stay in the esophagus long enough 10 cause problems. Gravity and peristalsis push them back 
down and swallowed salivL a natural antacid. neuttalizes any remaining acid. 

From time to t ime people with nonnal acid reflux may get heanbum. paniculariy if the digestive 
juices stay pooled in the esopbag.us for long periods. That happens most commonly while )yin!! down, 
because gravity can't help drain fluid out of me esophagus. People may also get occasional heanbum 
if they do something that relaxes the lower esophageal sphincter or forces it open. A large meal that 
distends the stomach puts upward pressure on the sphincter muscle. Drinking alcohol and eating fany 
foods make the muscle relax. It's no wonder that 1he worst cases of occasional heanbum occur when 
these circumstances overlap. Heartburn could be at its worst when we indul@:c in a Jalle meal of rich 
foods and alcohol shonly before bedtime. 
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In about one in 50 adults stomach fluid refluxes into the esophagus more frequently than normal. The 
repeated backflov.-of dif!cstivc fluids can cause problems more 'troublin~ than simple heartburn. Thi!' 
condition is called gastroesophageal reflux disease (GERD). While alcohol, fany foods. and eating. 
before bedtime may make GERD worse, the precise cause of GERD is not fully understood. 
Researchers think that a combination effatlors. including one's genetic makeup. may all playa roJe. 

Peptic ulcer 
An ulcer is an area of the skin or mucous membrane in which the tissues are ~raduall'y disintegrating. 
Peptic ulcers occur in the mucous membrane ofthe esophagus. stomach. or duodenum-the first pan 
of the small intestine. Peptic ulcers in the stomach are gastric ulcers; those in the duodenum are 
duodenal ulcers. An ulcer may be the result of the acid action of the ~astric juice. Peptic ulcers are 
found most frequently in people between the ages of30 and 45. Duodenal ulcers are much more 
common in males. Emphasis is now being placed on menial and emotional factors as a contributing 
cause of ulcers. The person suffering from 8 peptic ulcer needs the best medical and nursing care. and 
most cenainly should not depend on over-the-counter (OTe) medicines. such as antacids. 

Helicobaeter pylori (H. pylori) is a type ofbaeteria. Researchers recently discovered that H. pylori 
causes almost all peptic ulcers. accounting for 80 percent of stomach ulcers and more than 90 percent 
of duodenal uicers. H pylori infection is common in the United States. AboutlO percent ofpe:ople 
under 40 and half of people over 60 are infected with it. Most infected people. however. do not 
develop ulcers. Why H. pvlori doesn 't cause ulcers in every infected person is unknown. MOSllikely. 
infection depends on characteristics of the infected person. the type of H. pylori. and other factors yet 
to be discovered. Researchers are not cenain how people become infected with H. pylori. but they 
think it may be through food or water. Researchers have found H. pylori in some infected people's 
saliva, so the bacteria may also spread through mouth-to-mouth contact such as kissing. 

H. pylori weakens the protective mucous coating of the stomach and duodenum. which allows acid to 
get through to the sensitive lining beneath. Both the acid and the bacteria iniwe the lining and cause 
a sore. or ulcer. H. pylori is able to survive in stonw:h acid because it secretes enzymes that 
neutralize the acid. This mechanism allows H. pylori to make its way to the "'safe'" aru-the 
protective mucous linit)g. Once there, the bacterium's spiral shape helps it burrow through the 
mucous lining. 

H. pvlori peptic ulcers art treated with drup 10 kill the bacteria. to reduce stomach acid. and to 
protect the stomach lining. Antibiotics are used to kill the bacteria. Two types of acid-suppressing 
drugs might be used: H.-blockers and proton pump inhibitors. -

DrvCJS Und 10 T,..r H. DvIDri PeDtie: Ulcers 

Antibiotics metronidazole. tetra , darith . amoxiciltin 

Hrblodcers cimetidine. t1IrWdine. famotidine. niutidme 

Proton pump inhibitors omepoaz ...... . 
Stom.e:h~;ning proree:ror bismuth subultey&8te, suc:r.ttate 

You may see these drugs used as dual 01' bipte therapy. StanCSan:l1herapy lasts for 14 days. 

lDtestinal disordel'$ 
Inflammation. diatrhca. dysentery, conslipalion. and cancer of the colon Ind rectum are disorders 
associated with the intestine. We will take a brief look It each one of these disorders in this lesson. 

Inflatnmlllion 
Difficulties with digestion or absorption may be due to ~nr"ilis. an intestinal inflammation. When 
both the stomach and the small intestine are involved .. the illness is called gastroenteritis. The 
symptoms include nausea. vomiting. Ind diarrhea as well as acute abdominal pain or colic. 
Gastroenteritis may be caused by a variety of pathogenic orpnisms including viruses. bacteria. and 
protozoa. Chemical irritants. such as alcohol. spray residues (on fTuits and ve~etabJcs). and other 
toxins have been known to cause this disorder. 
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Appendicitis is inflammation oflhe vermiform appendix. It can resuh from infec tion of the appendix 
mucosa by organisms causing enteriti s or from obstruct ion by accum ulated. hardened fecal material 
or occasionally by pinworms. 

Diarrhea and dysenur)' 

Diarrhea is a symptom characterized by abnormally frequent watery bowel movements. Dysenrery 
usually refers to an inflammation of the mucosal lining. although deeper tissues also may be affected. 

The two main types of dysentery are bacillary dysentery and amebic dysentery. Bacillary dysenrery is 
caused by rod-shaped bacteria that are transferred 10 food and water primarily by human carriers. 
Amebic dysentery' is due 10 an infestation by a one-celled animal called Emamoeba hislo~vlica. 

Bacillary dysentery may be prevented by a combination of wale I" chlorination. milk pasteurization, 
. and by using sanitary practices when handling food. Restaurant workers need to receive periodic 
examinations and observe ordinary precautions such as frequent hand washing. panicularly after 
every trip to the bathroom. Amebic dysentcl)' is especially preyalent in areas where human waste is 
used to fenilize food grown in fields. Ylhen traveling in countries where this is the custom. one 
should a\'oid eating raw food and drinking unboiled or unslerilized waler. The trayelers need to cany 
chemical tablets 10 kill contaminants in water if they are unable 10 boil il. 

Diarrhea is a symplom found in many conditions in addition 10 Ihe dysenteries. Some of these 
disorders include the following: 

1. Bacterial injection oj tM intestinal 'W01l. due to ingested pathogens such as staphylococci. 
common in food poisoning, or the sprud of pathogens from other infected sites. such as the 
respiratory traCt. 
Bacleriol infeclion ojlhe inteslinal wall. due 10 ingested pathogens such as staphylococci. 
common in food poisoning. or to the spread of pathogens from other infected sites, such as 
the respiratory tract. 

3. .Ptomaine poisoning. which is sometimes confused with the bacterial food poisoning caused 
by staphylococci but is actually due to putrid meat. It is now rather rare. 

4 . Nutritional deficiency diseases'such as pellagra or sprue. 

5. Acute emotional disturbances. such as those sometimes experienced by students just before 
and during an imponant test ("Swe Board'" dianbea). 

6. Ulcerative colitis. a chronic inflammatory disease causes ulceration' of the intestinal wall and 
frequent bleedin~. 

7 . Cancer. constipation may ahemale with diarrhea. 
Intestinal excretions may need 10 be examined to detennine the cause of the diannea. Various lenns 
are used to refer to this bowel waste including feces. fecal material. excrement, and most common 1,.·. 
stool . A stool examination may reyeal the presence of amoebae, bacteria. the ova ofwonns. or blood. 

COlfstipDtiolf 
Millions of dollars are spent each year in an effon to fmledy a condition called constipation. What is 
constipation? Many people erroneously think ofthemselYe5 as constipated if they have days during 
which tnere are no bowel movements. Normal people vary Ff'C8t1y: one person may be perfectly well 
althoug.n they have a bowel movement only once in two or three days. while another may be equally 
well with more than one movement daily. 

On Ihe basis of its onset. constipation rna,.· be classified as acute or chronic. Acute constipation occurs 
suddenl\' and rna\' be due to an intestinal obstrUction. such as a tumor associated with cancer. or an 
innam~ation ofihe saclike bulges (divmicula of the intestinal wall) as seen in diverticulitis. Avoid 
laxatives and enemas and immediately consult with a physician. 
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Chronic constipation has a more gradual onset and may be divided into ~o groups: spastic and 
flaccid constipation. 

1. Spaslic C011J[jpolion -The intestinal musculature is over-'5timulated so that the canal 
becomes narrowed and the space (lumen) inside the intestine is not lar~e enough to penn it the 
passage of fecal material. 

2. Flaccid con.rlipolion-Characterized by a lazy or atonic intestinal muscle. Elderly persons 
and those on bed rest are panicuJarly susceptible to this condition. 

The overactive spastic ~ of constipation is probably much more common than the atonic lazy kind . 
Nervous tensions. excessive amounts of bulky foods. and the use of laxatives increase the muscle lone 
of the intestine. Moderate exertisc, an increase in vegetables and other bulky foods. and an increase 
in fluid intake may help the person who has sluggish intestinal muscles. 

The use of enemas and SCKalied colonic flushin~s arc unnecessary and should be discoul1l@:cd for 
most persons. Streams of water that ~ove the nonnal protective mucus can injure the lining of the 
intestine. Also. enemlS aggravate piles (hemorrlloidsl. Enemas should be used sparingly and only on 
the order of a physician. 

Cllncer of the colon lind rectllm 

Tumors of the colon and rectum are among the most common types of cancer in the United States. 
These tumors usually arise from the mucosal lining and are called adenocarcinomas. The occurrence 

. of cancer of the colon is evenly divided between the sexes. but maJipanl tumors of the rectum art 
more common in men. Tumors may be detected by examining the ~um and lower colon with an 
instrument called a Jigmoidoscope. Early detection and treaunent of tumor.; is a key to increasing 
survival rates. 

Disorden iavolviag tbe accessory structures (liver. ,aUbladder, aad paac~) 

Liver diJellses 

This section discusses three liver diseases: hepatitis, cintaosis, and cancer of the liver. 

Heparitis 

Inflammation of the liver is called hepalilis. A virus causes epidemic hepatitis. Outbreaks of this 
disease. which are more common in the fall and winter. occur in military eSlablishments. prisons. and 
in olher populous institutions. It vanes in severity from mild cases that are so mild as to be scarcely 
recognizable to serious infections whert the liver may become pmnanently damaged. A more 
prevalent type of virus infection is called serum hepatitis. 

The infection is transmined by administration of: 

1. Infected blood. 

Plasma or blood products. 

3. Improperly sterilized needles and syringes (as used by druB addicts). 

Since blood from the intestinal tract passes throulh the liver. any toxins or microorpnisms thai may 
get into the intestinal (mesenteric) veins enter the liver. The most imponant of these organisms is the 
£mamoeba hislo~\"Iica. which causes amebic colitis at farst. Jf it is carried into the JI\'er, it causes the 
same tissue destruction that it docs in the colon. Howev". since the liver is not open to the outside as 
the colon is. the softened and liquid area becomes an abscess, This condizion is vel)-hard to treat. 

Cirrhosis 
Cirrhosis of the liver is a chronic disease that replaces active liver cells with inactive scar tissue 
(connective tissue). The most usual type is portDI cirrhosis. which is fairly ,ommon in alcoholics. 
Many believe that the cause is related to poor nutrition. Destruction oflbe liver cells cunails the 
ponal circulation. causing blood to accumul81e in the spleen and the gastrointestinal Inlct and in the 
peritoneal cavity fluid. Th is fluid may have 10 be remO\lcd periodically b)' puncture. or paracemes;s. 
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COl1c~r of the li1'er 

Cancer of the liver is also common in cases that begin as a cancer in one of the organs of th e 
abdominal cavity. The tumor cells are carried from the intestine or another organ throup:h the veins 
that go to the liver. Secondary growths or metastases in the liver. therefore. are fairly common. With 
new surgical techniques. large sections of diseased liver can be removed. Also.livertransplantation is 
a successful treatment for some persons with liver disease. 

GQltbJadd~r injection 

The gallbladder may become infected. a condition called cholecystitis. If stones are in the gallbladder. 
the condition is called cholelithiasis. Sometimes a chronic gallbladder infection may lead to stone 
formation. If a stone finds its way into the tube from the gallbladder. the person may suffer from 
biliary colic (i.e .. acute pain) because of the muscle spasm in the wall of the duct. 

Acute pancreatitis 

In some cases of gallbladder disease. the infection of that organ rna)' extend into the duct connected 
with the pancreas and cause an abnormal activation of the pancreatic enzymes. In either circumstance. 
the pancreas will suffer destruction by its own juice. and the outcome can be fatal. This condition is 
known as acutt pancrtatitis. Additional disorders that may involve the pancrus include cancer and 
other tumors. 

Disorders of tbe peritoneum 

We will onb:.discuss two disorders of the peritoneum. peritonitis and ascites. 

Peritonitis 

Peritonitis is inflammation of the peritoneum. It is a serious complication following an infection of 
one of the or$ans that the peritoneum covers--often the appendix. The frequency of peritonitis has 
been greatly reduced by the use of antibiotic drugs. However, it still occurs and can be vel')' 
dangerous. If the infection is kept in one area. it is said to be a localized peritonitis. A genera/i;ed 
peritonitis may cause so much absorption of disease organisms and their toxins that the outcome will 
be fatal. A ruptured appendix or perforated ulcer may pour such masses of bacteria into the abdominal 
cavity that the resulting peritonitis could overwhelm the individual. Immediate surgery to repair the 
rupture. together with meticulous nursing care, is needed to save the person' slife. 

Many epithelial-membrane infections originate in relatively mild disorders such as tonsillitis. . 
appendicitis. sinusitis. and related infections. 'The best way to prevent serious complications from 
these mild disorders is to pay careful attcnti~ to ,eneral health and preventive nursing care directed 
to mild epithelial-membrane infections. 

Ascitts 
An accumulation of fluid in the peritoneal cavity is called ascites. The abdomen becomes greatly 
enlarged and the pressure on the organs may require removal of liquid by paracentesis. Obstruction of 
the portal flow. which may occur in cinnosis of the liver. is one important cause of ascites. 

Self·Test Questions 
Arlu you complele tbese qunlions. you may tbee},; your answers a. tbe end oftbe uniL 

411. Alimentary can.1 
I . List the pans of the alimentary canal. 

~. What is the purpose of 53liva? 
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3. What three pairs of glands manufacture saliva? 

4: -What is the "soft palate"? 

5. What term is used to describe the mixture of gastric juices and food? 

6. What are the three functions of hydrochloric acid in stomach juices? 

7. What is the longest pan of the alimentary canal? 

8. What enzyme is found in saliva? 

9. What is absorption? 

I O. What are the four subdivisions afthe colon"] 

412. Digestive system Itruc:tares 
I. What is the largest glandular organ afthe body"! 

~. What organ is 8 muscular SIC that serves as a SlOnBc pouch for bile? 

3. What OTgan manufactures insulin"! 

4 . What is the peritoneum? 

S. What is the mescnter)"? 
'. 

6. Where is the "veater omentum" located? 



413. Conditions associated with the digestive system 
I. What term is used to desc ribe an in fec tion of the mucous lin ing orlne mouth (excluding: the 

~ums)? 

What type of pathogen causes Vincent"s angina? 

3. What is pyorrhea~ 

4. What causes heanbum? 

5. What is GERD':' 

6. In what age group are peptic ulcers most commonly found? 

7. What tenn is used to describe inflammation of the intestine? 

8. What are the "Symptoms of ,astroentcritis? 

9. List the causes of appendicitis. 

10. What type of dysentery is caused by rod·shaped bacteria that is transferred to food and water 
primarily by human carriers? 

1 J. What is ulcerative colitis? 

I:! . . What type of constipation is characterized by a lazy or Qlonic intestinal muscle? 

13. How is serum hepatitis transmitted? 

2-17 
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14 . Describe cirrhosis of the liver . 

15. What term is used to describe the presence of stones in the gallbladder? 

J 6. Define peritonitis. 

17. What term is used to describe an accumulation offluid in the peritoneal cavit):? 

18. List one possible cause of ascites. 

2-2. Prevention and Treatment of Digestive System Conditions 

The three classes of drugs that we will discuss .~ the antiulcer agents. laxatives. and antidiarmeals. 
The infonnation about each class will include indications. waminp. drug interactions. and patient 
infonnation. 

414. Nutrition 
Good nutrition is absolutely essential for the maintenance of health. We must continually eat an 
adequate quantity of food materials that are necessary for the life and growth of body cells. 1 f one or 
mon: ofthese vital materials are not supplied. the body will suffer in. awnbel'" of ways. the effect 
being malnutrition. One commonly thinks of a malnourished person as one who does not have 
enough to eat: but malnutrition can occur just as easily from eating: too much ofthe wrong foods. 
Malnutrition can be avoided by adhering to a balanced diet. which ensures that most diets include 
adequate quantities of the basic nutrients. 

I n order that homemakers and others who plan meals may understand more easily how 10 provide a 
balanced diet. food poupin~s have been publicized. One grouping an-ang:es foods as protective foods. 
protein foods. and energy foods. 

FoodG,.,.,... 

T~sofFoods Dos 
Protearve foods High in VItamins and mineral utts . tndUdes citrus and other frutts. plus • vanety of 

vegetables (particullriy leafy green and yelkJw ones). Especially valuable in 
preventing disease . 

Protein toods Required tor growth and repair of tissues . Cannot be stored . so indude them daity. 

Energy foOds Contain tats and carbohydrates. Needed in "r~er amounts by those who are 
extrernefy actIVe phvsicaUv. 

Many assertions about food combinations. such as the common one that cherries and ice cream or fish 
and milk are poisonous mixtures. arc not based on the la\\-·s of nature: nor can any scientific basis be 
found for such ideas. For the nonnal. healthy person. a balanced diet including a variet~ .. of fruits. 
ve~etables. and cereals. together with adequate amounts of such protein foods as milk and milk 
products. eg~. and meats. will maintain nutritional health. 
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Infants may need supplements of certain vitamins. but na nnal. health~' children and adults should be 
able to gel adequate amounts of vitamins from a v.'ell·balanced diet. When required. vitamin 
supplements should be selected by a physician to fit the panic.ular need oflhe individual. The so
called megavitamin dosages now fashionable in some quarters may cause unpleasant reactions and in 
some cases are hazardous. Vitamins A and D have both been found to cause serious toxic effects. and 
a relatively small excess of vitamin 0 may result in the appearance of dangerous symptoms. 

A few people develop severe allergic (hypersensitive) manifestations if they eat certain foods . Some 
find that strawberries cause such a response . In others. shellfish cause a reaction resembling 
poisoning . However. the great majority of people can eat any food. The most common causes of 
temporary digestive disturbances are overeating. bacterial contamination. and virus infections. 

415. Renux and antiulcer agents 
Y01,lleamed what reflux and ulcers are in previous lessons. With all of the acid floating around in our 
digestive system. it's hard for lesions to heal. This lesson wi11 cover some medications that improve 
conditions so that ulcers can close up and acid can be kept out of the esophagus. We'" take a-look at 
antacids. histamine-:! blockers, proton pump inhibitors. GI stimulants. and protective agents. We'll 
stan with the simpleSl way to treat reflux and ulcers- antacids. 

Antacids 

Antacids neutralize gastric acidity. resulting in an increase in the pH of the stomach and duodenum. 
Additionally. they inhibit pepsin activity by increasing the gastric pH above four. Antacids do not 
" coay" the mucosal lin mg. but may have a local astringent effect Antacids also increase the lower 
esophageal sphincter tone. Aluminum ions inhibit smooth muscle contraction and gamic emptying. 
The drugs that we'lI examine in this class include magnesium and aluminum hydroxide and calcium 
carbonate . 

Indications 
All antacids are indicated for hyperacidity. They treat symptomatic relief of upset stomach associated 
with hyperacidity (heartbum, gastroesophageal reflux.. acid indigestion. and sour stomach) and 
hyperacidity associated with peptic ulcer and gastric hyperacidity. 

Antacids 

OMl CommcnName Dosaoe Fonn Dosaoe 
MagneSlum hydTOX'Oe Milk of ~gnesia 311 Chewllble tabs 600 - 1.200 rngs up 

400 and 800 mgl5ml tiquid 10 4 times ~ity 

Aluminum hydrOlliae -' 300. _. 500. 600 "'" 500 to 1 ,500 mg 3 10 
chewab6e tabs 6 times daily. between 

320, 450. 600 mglSml meals and at bedtime. 
..,U;O 

Calcium carbOnate Tums. Mulox. Mylama vanous strengths 300 - 500 - 1,500 mg as - 1,250 mg tabs ....... 
, 250 mqJSml liQuid 

W"rnings 
Antacids may cause dose-related rebound hyperacidity since they may increase gastric secrefion or 
serum ~n levels. If a patient is using aluminum antacids for prolonged periods. a phosphate 
deficiency rna)' occur. Phosphate is essential for the maintenance of healthy bones. 

Pregnancy: The~ is no class assigned to antacids. However. pregnant women should consult their 
provider before taking an antacid . There are no problems with lactating women and antacids . 

Dr"g in/~raclions 
Antacids may interf~ with drugs by altering their disintegration. dissolution. or solubility and can 
change gastric emptying time. The absorption of weak acidic drugs is decreased and basic drug 
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absorption is increased. possibly to toxic levels. Antacids also bind some drugs to their surface. 
resulting in decreased bio3vailability. Magnesium is the worst of the three discussed fo r this 
interaction. Urinary pH is also chang.ed by antacids. which may inhibit the excretion of basic drug.s 
and enhance that of acidic ones. A stagg.ering of two hours in administration time from antacids to 
other medications is usually enough to offset these effects. The following table lists the specific 
antacids and some of their more significant medicanon interactions. The table states if the drug 
actions art increased or decreased by antacids . lfthe column is blank. the drug is unaffected by that 
panicular antacid . 

Antacid ",,.,.r:tIons 

Drug. Aluminum Calcium Magnesium 

Corticosteroids Decreased Deere.sed 
DiaoJrin Decreased Deae .... 
FIUOf'OQuinolones Decreased 

Htstimine H2 antagonists Deae .... Deae .... 

~ydantoms Deere .... Decreased 

Iron salts Decreased Decreased Decreased 

Quinidine _se. 
Salicvliues 

. .. 
Deae .... 

Sulfonylureas , ........ 
Tetracycllnel Deae .... Decreased Decreased 

ThyOtd hormones Deae .... 00""' .... 

Pllti~n1 injoTmlIlion 

• Chewable tablets: Thoroughly chew before swallowing. Follow with a glass of water. 

• Drug interaction precaution: Antacids may interact with cenain prescriplion drugs. If you are 
presently taking a prescription drug. ched with your physician or pbannacist before taking 
an antacid. .-

• Magnesium-containing products can act as a saline c:athartic in Wier doses and produce a 
laxative effect and can cause diarrhea, Aluminum and calcium-c:ontaining products can 
cause constipation. Magnesium/aluminum antacid mixuares are used 10 avoid bowel function 
changes. 

• Not ify physician if relief is not obtained or iftheTc arc any symptoms that suggest bleedin~ 
such as black tarT)' stools or "coffee ,round" vomitus. 

• Taking too much of these products can cause the stomach to secrete excess stomach acid. 
Consuh your physician or phannacist about the appropriate dose. Do not use the maximum 
dosage of anlaCids for> :!: weeks., except under the supen'ision of a physician. , 

Histamine-2 bloc:ken 
Histamine·:!: blockers. or H= blockers. have become one of the fastest ~win, dru~s in tenns of usage 
and in treating common indigestion. Our discussion will on I)' cover prescription doses for the 
treatment of ulcerative diseases. We wiJllook at the two H, bloclers appearing on the DOD Basic 
Core Fonnular,'. cimetidine and mnitidinc. 

H: blockers are highly selective. They act only on the H: receptors. which are found in the parietal 
lining of the siomach. They have no effect on HI receplors (lhe ones found in the rest of the body. 
responsible for allerlic reactions). nor do they have any antic:holinergic effects. Potent inhibitors of 
all phases of 8astric acid secretion inhibit secretions caused b)' histamine. muscarinic agonists and 
pmin. They also inhibit fasting and nocturnal seemions and secretions stimulated by food. insuli~ 
and caffeine. 
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indications 

Both of our H; blockers are indicated for duodenal and gastric ulcer. GERD. erosive esophagitis. and 
a few other hypersecreto!')' conditions. They are also indicated in the therapy for heliobaclcr-pylori 
infection. The firsl table below is for cimetidine, and the second is for ranitidine. 

Cimetidine Indications 

IndIcation Dosage Duration of treatment 

Duodenal utcer Acute: 400 mQ twice daily or 800 rna at bedtIme A: 4 -6 weeks 

Maintenance: 400 mg at bedtime M: ongoing. 

Gastric ulCer Acute: 800 mg al bedtime A: B weeks 

Maintenance: not used M:nJa 

GERD 1.600 mg daily (divided) 12 weetts 

Ranwdine Indications 
Indication Dosage Duralion of treatment 

Duodenal utcer Acute: 1 SO mg twice daily or 300 mQ 8t bedtime A: 4-6 weeks 

Maintenance: 150 ma al bedtime M: onaoine 

Gastnc ulcer Acute: 1 SO mg twice daily A: 8wee«s 

Maintenance: 150 mg 81 bedtime M, "",,o;n. 

GERO 150 mg twice daily 12 weeks 

Erosive 1 SO mQ 4 limes daity 12 weeks 
esophagitis 150 tr:I.9_twice daily Onaoino 

Contralnd,callons '-. 
H~ blockers art contraindicated when the patients have sensitivity to them or their components. 

Warnings 
Pregnancy: Cimetidine and ranitidine are in pregnancy category B. Cimetidine crosses the placenta. 
There are no adequate and welJ.-controlled studies with these agents in pregnant women. Use only 
when clearly needed and when the potential benefits outweigh the potential hazards to the fetus. 

Lactation: Cimetidine is excreted in breast milk with milk: plasma ratios of approximately S:] to 
12: I. Potential daily infant ingestion is approximately 6 mg so do not nurse. 

Ranitidine is excreted in breast milk with milk: plasma ratios of I: 1 to 6.7: 1. Exercise caution when 
administering to a nursing mother. 

»rllg ;nl~rQct;ons 
These two drugs differ in this area 50 we~1I cover them separately. 

Cimetidine may increase the toxic effects (respiratory depression) of narcotic analgesics but it 
. - -- decreases the absorption and pharmacologic affects of: . 

L Digoxin. 
, Fluconazole. 

3. Iron salts. 
4. Indomethacin. 

5. Keloconazole. 

6. TCITJcyclines. 

Ranitidine increases the effects of both (!:Iipizide and warfarin. possibly through a reduction in 
clearance and reduces the GI absorption of diazepam. decreasing its pharmacologic effects. 
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Patient information 

• Inform physician or pharmacist of any concomitant drug therapy. especially when taking 
cimetidine. 

• Stagger doses of antacids and cimetidine or ranitidine. 

• May be taken without regard to meals. 

Proton pump inhibiton CPPls) 
H; blockers Stop the acid-producing signal from reaching the receptor site. PPls work later in the 
process. They suppress gastric acid secretion by specifically inhibiting the enzymes at the surface of 
the gastric parietal cell. PPls get their name because this enzyme is the "'acid (proton) pump'" within 
the system. the final step of acid production. Omeprazole and iansoprazole are the two PPJs. 
Omq,razolc is the only PPI that we will discuss. 

IndiCQl;DftS - . 

Omeprazole is: 

1. Indicated for treatment or symptomatic relief of various gastric disorders including gastric 
and duodenal ulcers. GERD. or pathological hypersecrelory conditions. 

2. Is enteric coated. 

3. Available in 10 mg and 20 mg delaycd·release capsules .. 

OmeDra%ole Doslno 
Indrcation Do .. ge OunItion 

OUOClenal ulcer 20 me daily 4-8 weeks 

Ga$lnc ulcer .. ::. mg once daily "-8weetts 
GERD 20 "'" daily 4- 8 weeks 

Erosive esoPhagitis 20 mg daily .. - 8 weeks 

PIIthOIogical 
L ~jsecretions 

eo - 360 mg dO;1y (dMded ... 3_> Aslong .. _ 

Contraindications 
Sensitivity to the drug or its fonnulation is the only contnindication. 

Warnings 

Pregnancy: Omcprazolc is in pregnancy category C. There is no adequate or wcll·controlled studies 
with omcprazolc in pregnant women. Use during pregnancy only if the potential benefit justifies the 
risk to the fetus. 

Lactation: We don' t know if omepraz:ole is excreted in breast milk. Because of the potential for 
serious adverse: reactions in nursing infants. and the potential for tumorigenicity shown in rat 
carcinogenicity studies. decide whether to discontinue nursing or to discontinue the drug. Before 
making a decision. determine the imponance of the drug to the mother. 

Drllg interactions 
OmeprazoJe affects the liver enzymes. especially the P4S0. This enzyme is important in the 
metabolization of some medications. Orne-pruole inhibits this enzyme. decreasing the metabolization 
ofbenzodiazepines. phenytoin. and warfarin. The decreased metabolization means that the drug is 
around longer (longer half·life) and the effects of the medications arc greatly increased. 

Omepl'3ZoJe ;ncreoles the clearance of theophylline. lowering its effectS. 

A stnngc interaction between omepruole and clarithromycin happen~. Levels and effects or both 
drugs are increased when administered concurrently. 
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Palienr in/ormation 

• Take before eating. 

• 5wallo\lo omeprazole capsule whole: do nOI open. chew. or crush. 

• Antacids may be used while laking omeprazole. 

GJ stimulants 
-_." 

This class of drugs does exactly as its name implies. These drugs effectively reduce irritation of the 
stomach (ulcers) and prevent reflux by quickly moving substances through the digestive system. They 
slimulate peristalsis . The drug thai we are going to cover in this section is meloc!opramidc. 

MelodoprQmid~ 

Mctoc)opramidc's mechanism of action is complex. Following Brc actions of this medication: 

I. Enhances gastric motility without stimulating gastric secretions. 

Helps with the natural cholinergic activity b,y either causing the release of more acetylcholine 
or by sensitizing the receptors on the smooth muscle of the digestive system . 

3. Helps with keeping: the lower esophag:eal sphincter closed. bUi its actions are greater during: 
the day than at nig:ht. 

4. Increases the tone and amplitude of psuic contractions. 

S. Relaxes the pyloric sphincter and the duodenal bulb. 

6. Increases peristalsis of the duodenum and jejunum. resulting in accelerated g:astric: empt)ing 
and intestinal transit. 

7. Is an anti-emetic because of its dopaminergic receptor blocking. 

IndicQlions 

Metoclopramide is indicated in symptomatic gastroesophageal reflux. It is also used in diabetic 
patients who suffer from gamoparesis. Its anti-emetic affects are useful for the prevention of 
postoperative nausea. and nausea and vomiting associated with chemotherapy. Metoclopramide is 
available in IO-mg tablets. SmglSmJ syrup. JOmglml eontcntrated solution and 5 mglmJ injection. 

M.roclOp,.mid_ no.Jng 

Indication Dosage 
Olabellc Qastrcpares;s 10 mg 30 minutes before eaCh meal end at bedtime for 2 - 8 weeIts. 

Gastroesophageal 1~15 mg orany up Ie 4 times daily 30 minutes before each meal and at bedtime 
rdUli for up to 12 weeks. 

Postoperative nausea Inject 1~20 mg near the end of surgery. 

Chemotherapy nausea 2mglkg infused IV 30 minutes before beginning ChemOtherapy, repeated ever 2 
hours for 2 doses end then every 3 hours for 3 doses 

ConlraindicOfions 

Meloclopl'llmide shouldn'l be used when GI mOlility stimulation might be dangerous (e,g. when there 
is a GJ hemolTha~e, mechanical obstruction. or perforation). 

Warnings 
IV metocJopramide may exacerbate hypcnension. 

Pregnancy: Meloclopramide is in pregnancy categoT)' B. Meloclopramide crosses the placenta. 
However. there are no adequate and well·conuolled studies on pregnant women. In several case 
~porn. no effects occurred in the fetus when p~gnant women used this drug fortiealin~ nausea. 
vomitinc.. and reflux esophagitis. Use only when clearly nceded and when the potential benefits 
ourweigh the potential hazards to the fetus. 
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Lactation: Metoclopramide is excreted into breast milk. The dose that an infant receives is much less 
than the maximum recommended infant dose. There appears to be no risk to an infant when the 
mother ' s dose is less than 45 mglday. 

Drug imeractions 
Mctoclopramide decreases the absorption of cimetidine and digoxin. Faster gastric transit time is the 
primary reason for the interaction. 

Metoclopramide increases the Tatc of absorption of alcohol b)' decreasing the time that it takes 
alcohol to reach the small intestine and be absorbed. 

POlil!nI injornJQlion 

• May produce drowsiness and dizziness; observe caution while driving or performing other 
tasks requiring alenness, coordination. or physical dexttrit):, 

• Notify physician if involuntary movement of eyes, face. or limbs occurs. 

• Take medication 30 minutes bcfo~ each meal. 

Protective agents 

Protective a~ents are the last of our anti·uicer a~ents . The only drug that will be discussed here is 
Sucralfate. Sucralfate works locally rather than systemically. The sucralfate molecule has an 
aluminum ion that splits off when it hi~ stomach acid. This aluminum ion is non·absorbable and 
adheres to the ulcer.1t pretty much fonns a band·aid over the sore to proteCt it. 

Indiclltions 
Sucralfate is indicated for the shan-term treattnent of active duodenal ulcers and for maintenance 
therapy at reduced dosage . The dosage for an active duodenal ulcer is 1 PI 4 times daily on an empt)' 
stomach. one hour before meals and at bedtime. After eight weeks oftreaunenL use I gm !\Nice daily 
for maintenance therapy. Sucralfate is available in I gm tablets and 1 gmlJ Oml suspension, 

C o"'rtlindiauions 
Then: an no contraindications listed for sucralfatc, 

Wamings 
It's veT)' common for a patient to take antacids while taking sucralfate. Small amounts of aluminum 
are absorbed from sucralfate.lf a patient has impaired kidney function. the additional aluminum 
could cause serious problems. 

Pregnancy: Sucralfate is in cat~ory B. There arc no adequate and well-controlled studies in pregnant 
women. Usc this drug during pregnancy only if clearly needed. 

Lactation: It is not known whether this drug is: excreted in breast milk. Exercise caution when 
sucralfale is administered to a nursing mother. 

Drill in'~rIlClio"s 
Sucralfate' s drug interactions arc not from systemic causes . The following drugs bind to sucralfale in 
the GJ tract and are nOI wellibsorbcd: 

Anticoap.ulants 
Ketoconazole 

Plltirnl iiiformalion 

Digoxin 
Quinidine 

Hydantoins 
Quinolones 

• Take on an empty stomach at least one hour before meals and at bedtime. 

• Do not take antacids one·half hour before or after taking sucralfalc. 

4 J 6. Laxatives 
Man,' of us. at one time or another. have nceded a laxative. Laxatives promote bowel evacuation. A 
misu·nderstanding of normal bowel functions frequently cause misuse ofnonp~scription laxatives. 
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Restr ict self·medication with laxatives 10 snon·tenn constipation therap~ . Self· medication with 
la~atives should be restricted to shon-tenn therapy of constipation; chronic use of laxatives. 
panicularly stimulants. rna: lead to dependence. Most people- could probably avoid using laxat ives if 
tney would be sure to take in enough fluids. have proper dietary habits. including: enough bulk or 
roughage. and have some daily exercise. This class will be covered a linle differently. We won ' t 
discuss specific doses of specific drugs. Under the laxative class. we'll discuss the sulrclasses of 
saline laxatives. irritant/stimulants. bulk producing. lubricants. surfactants. and miscellaneous 
laxatives. You will be given some examples of each and lold how and where each of them work. 

uxafives 

Lautives Onset of Site of action Mechanism of action 
action (hI'S) 

Saline Magnesium citrate 0.5-3 SmA Lg AftraClS and retains water in 
intestine intestine . increasing pressure. 

Sod. Phosphate! 0.03- 0.25 Colon 
biphosphate enema 

Irritantl Senna 6-10 Colon Direct action on intestinal muCO$ii, ! stimulant Phenolphthalein 6-10 ecHOn ahers water and e/ectrolyte_ 

Bisacodvl tabs 6-10 
secretion . Causes contrac:tiona, 

Colon supplements peristalSis. 
Bisacodyl supp 025-1 Colon 

Castor oil 2-6- Sm intestine 

Bulk Methvlcellulose 12- 2 .. Sm&Lg Holds water in stool. 
producing Psyllium 12- 24 intestine 

Lubricant Mineral oil 6-8 Colon Keeps fecal water from being 
absorbed . 

Surfactant Docusate 24-72 Sm&Lg Oetervenl activity. lets water mix 
intestine into Itool to loften. 

Indications 

Laxatives are indicated for the shon·tmn treaunenl of constipation. Certain stimulant. lubricant and 
saline laxatives are used to evacuate the colon for rectal and bowel exa.,!!linations. Lubricant laxatives 
or fecal softeners are useful prophylactically in patients who should not strain during: defecation (i.e •• 
following anorectal surgery or myocardial infarction. Psyllium is also useful in patients with irritable 
bowel syndrome. divenicular disease. spastic colon and hemormoids. 

Contraindications 
Laxatives are contraindicated in patients who are hypersensitive to an)' ingredient Do not use 
laxatives with patients having nausea. vomiting or other symptoms of appendicitis. acute surgical 
abdomen. fecal impaction (except mineral oil enema). intestinal obstruction, or undiagnosed 
abdominal pain. . 

Warnings 

Excessive laxative use may lead to sig:nificant fluid and electrolyte imbalance. Preparations 
containing sodium should not be used by individuals on a sodium-restricted diet or in the presence of 
edema. congestive hean failure. or hypertension. Chronic use of laxatives. panicularly stimulants. 
may lead to laxative dependency. which in tum may result in fluid and electrolyte imbalances. 
steatorrhea. osteomalacia. and viwninlmineral deficiencies. 

Pregnancy: Docusate sodium. mineral oil. and senna are in pregnancy category C. Do not use castor 
oil during pregnancy: its irritant effect may induce premature labor. Mineral oil may decrease 
absorption offat·soluble viwnins.Improper use of saline cathanics can lead to dangerous electrolyte 
imbalance. lfneeded.limit usc to bulk.fonning: or surfactant laxatives. 

Lactation: All of the covered laxatives 1m safe in breastfeeding women except docusate sodium and 
lactulose. It is not known whether either of these is excreted in breast milk. 



2-26 

Drug iDteractions 

Mineral oil: Surfactants may facilitate absorption. thus increasing the toxicit) of mineral oil. 

Milk or antacids: Concomitant administration ofbisacodyl tablets may cause tht: cnteric coating to 
dissolve. resulting in gastric lining irritation or dyspepsia. 

Lipid soluble vitamins (vitamins A. D. E. -arid K): Absorption may decrease during prolonged 
administration with mineral oil. 

Tetracycline: Laxatives containing aluminum. calcium. or magnesium impair absorption of 
tetracycline. due to release of free calcium. 

p •• icnt iaformation 
Anention to proper dietary fiber intake. adequate fluids, and regular exercise reduces the need 10 use 
laxatives. 

Individuals using laxatives must understand the following infonnation: 

I . Do not usc in the presence of abdominal pain. nausea. or vomiting . 

., l..axative use only a temporary measure: do not use longer than one week. When Telulamy 
returns. discontinue use. Prolonged or excessive use may n:sult in dependence or elecrroJ,.u 
imbalance. 

3. Notify physician if unrelieved constipation. rectal bleeding. or symptoms of elecuolyte 
imbalance occurs (muscle cramps or pain. weakness. dizziness). 

4. Pink·red. red-violet or red-brown discoloration of alkaline urine may occur with cascara 
sagrada. phenolphthalein. or senna. 

S. Yellow. brown discoloration of acid urine rna,.' occur with cascara sagrada or senna. 

6. Refrigerate magnesiwn citrate solutions to retain potency and palatability. 

7. Take with a full glass of water or juice. 

I. Administer mineral oil on an empty stomach. 

9. Swallow bisacodyltablets whole; do not lake within one hour of lakin,: antacids or drinking 
milk. 

417. Antidiarrbeals 

Diarrhea is not the most pleasant subject in the world. It", something that we as medics have to deal 
with though. In the lastiesson. we SlW that most of the laxatives worked by either complimenting 
peristalsis or retaining water in the bowel. The antidiuTheals do just the opposite. They either 
decrease motility or remove cxcess water from the bowcl. The antidiarrheals that we will discuss are 
diphenoxylate with atropine. and kaolin/pectin. These are probably the most common antidianhcals 
that we will encounter. Loperamide and diphenoxylate will be covered together. as they both deerca5e 
motility. Kaolin/pectin. the adsorbent. will be coven:d separately. 

Loperamidt and dipbclloxylatt 
Both ofthese drugs wad directly on tht muscles of the intestinal net. They treat diarrhea by slowing 
peristalsis. This action prolonp transit time. reduces fccal volume. increases fecal viscosit)' and 
density, and diminishes the loss of fluid and elecuol)1cs. -

Diphenoxylate is structurally related to meperidine. There is. possibility of abuse when usin~ 
diphenoxylate. Atropine is added to diphenoxylale in subtherape:utic levels to discourage deliberate 
over·dosage .. If too much is taken. the atropine will cause a severe dry mouth and throat.,-dry. hot and 
flushed skin. and a general excitement (nol a VCT)' ,omfonable feeling). The amount of atropine is too 
small 10 interfeR with the constipatin, cffeC1 of diphenoxylate. except when taken in vcr)' ~e 
doses. 
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lndicotions 

Both of these drugs are indicated in the control and managemen; of acute diarrhea. Loperamide is also 
indicated for chronic diarrhea. 

Antidiarrhea/s 
Drug Dosaat Douae fonns 

OIPhenoxvlale 5 mg <4 times daily 2.5 rng labs and 2.5 mg/5ml 

Loperamide A: • mg followed by 2 mg after eaCh unformed I 2 mg labs 
slool. Do nOI exceed 16 mg/day. 

j 1 mg/5 ml and 1 mglml liquid C: Use acute dosing until dialThea is controlled, 
then individualize 104-8 me/day. 

Conrraindicalions 

Oiphenoxylalc is conuaindicated in children under two years old due to a greater variability of 
response. Both dru~s are contraindicated in patients who have a sensitivity to their components. 

Warnings 

These antidiarrheal drugs may prolong or aggravate diarrhea associated with organisms that penetrate 
the intestinal mucosa. In some patients with ulcerative colitis. these drugs may induce toxic 
megacolon. a condition of extreme dilation ofa ponion of the colon. 

Pregnancy: Diphenoxylate is in wegory C. loperamide is in B. 

Lactation: Do not use diphenoxylate with lactating mothers. It isn't known if diphenoxylate. is 
excreted in breast milk. but the atropine is excreted. Safety for use of loperamide b,.· nursing mothers 
has not been established. 

Drug ;nlt!ract;ons 

There are no listed drug interactions for loperamide. Diphenoxylate may cause a hypenensive crisis if 
used with monoamine oxidase inhibitors. h may also potentiate the depressant action of barbiturates. 
tranquilizers. and alcohol. 

Pllt;~nl in!ortnll/;on 

• May cause drowsiness or dizziness: patients need to be cautious while driving or perfonning 
other tasks requiring aJenness. coordination. or physical dexterit)'. 

• May cause dry mouth. Drink plenty of clear fluids to help prevent dehydration. which may 
accompany diarrhea. 

• Notify physician if diarrhea does not stop after a few days or if abdominal pain or distention 
or fever occurs . Do nOl exceed prescribed dosage. 

Kaolia/pectia 
. Kaolin and pectin are used as antidiarrhea agents because of their adsorbent properties. They adsorb 
the bacteria. loxins. and excess fluid from intestine. Since kaolin and pectin are not absorbed. the 

- --toxins are passed out with the fecal matter. 

Indicat;ons 
Kaolin and pectin are indicated for the symptomatic relief of mild to moderate diarrhea. These' 
medications come in many various strengths. The usual adult dosage is 60-120 ml of regular strength 
suspension or 45-90 ml of concentrated suspension. 

ConlrQ;ndicat;ons. warnings, and drug i"'~raCl;ons 
There are no conuaindications. warnings. or drug interactions listed for kaolin and ~ctin . 

Pal;~nl in!ormIJt;on 
Patients should let plent)· of rest. fluids. and an appropriate diet. Shake the suspension well before 
taking. 
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Self-Test Questions 

Afttr you com plett thest questions. ~·ou ma~' chtd; ~'our answers at thr end ortht unit. 

414. Nutrition 
1. What is malnutrition? 

2. Define protective foods. 

3. What type of food is required for the growth and repair of tissues? 

4. What group of foods contains fats and carbohydrates? 

S. What an: the most common causes of temporary digestive disturbances? 

4)5. Rrnux and antiulcer agents 
1. What are the indications for magnesium hydroxide? 

How do antacids interact with other drugs? 

3. What is ont of the fastest growing and most popular drugs for treating common indigestion? 

4. Hoy,· do PPls work? 

5. What is metoc;lopramidc's mechanism afaction'? 

6. For what disorder is sucralfate indicated? 
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416. Laxatives 
I. What are the four types of laxatives and how do they work? 

What are the contraindications for laxatives? 

417. Aatidiarrheals 
1. In general, how do antidiarrheals work'? 

Where does loperamide act? 

3. How does kaolin and pectin work'? 

Answers to Self-Test Questions 
411 
I. The mouth . pharynx. esophagus. the stomach. small intestine. and iar'!c intestine. 

:!. To dissolve the food and 10 facilitate the processes of mastication (chewing) and deg:lulition (swallowing). 

3. The parotid. submandibular. and 5ublin!ual glands. 

4. The muscular tissue thai forms the back of the roof afthe oral cavity. 

S. Chyme. 
6. Softens the connective tissues in meaL kills baatria and thus destroys many potential disease.producing: 

agents. and activates at last one of the stomach enzymes, which m chemicals that begin the digestion of 
food. 

7. Small intestine. 
I. Amylase or ptyalin. 

9. The means by which the di!csted food ruches the blood.stream. 

10. Ascending colon. tranSVCIV colon. descending colon. and sigmoid colon. 

412 
I. The liver. 

2. The gallbladder. 

3. The pancrus. 

4 . A serious membrane thai covets the surfau ofmesl of the abdominal o'!!&f1s to form the visceral serosa and 
Jines the abdominal wan to form the par1ellllaytr. 

5. A double-layered peritoneal sm.u:tu~ shaped somewhat like a fan. with the handle panion attached to the 
back wall. The expanded )eng edge is anached 10 the small intestine. 

6. It hangs downv.wd from the lower border of the stomach. 

413 
I . SlOmatilis . 

., A spirochete . 

3. An inflammation involving the tooth socket. 

4. A bad,now of dig.estive juices from the stomach into the esophagus. 
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5. \\'nen stomach fluid r('fluxes imo Ih e c=sophagus mote frequent ly l~an norma l. causing mOTe problems than 
simple heanburn. 

6. People between the ages of 30 and 45 . 

7. Enteritis. 

8. Nausea. vomiling. and diarrhea as well as acute abdominal pain or colic. 

9 . Jt may result from infection of the appendix mucosa by organisms causing enteritis or from obsrruclion by 
accumulated. hardened fecal material or occasionally by pinwonns. 

10. Bacillary dysentery . 

11. A chronic innammatory disease with ulceration oflhe intestinal wall frequently causing bleeding. 

12. Flaccid constipation. 

13. By administration of infected blood. plasma or blood products. or by improperly sterilized needles and 
syringes (as used by drug addicts), 

14. It is. chronic diseaR in which the active liver cells are replaced by inactive scar tissue (connective tissue). 

IS. Cholelilhiasis. 

J 6. Inflammation of lhe peritoneum. 

17. Ascites. 

J B. ObsfNction of lhe ponal flow. 

~14 

J. When one or more of the fundamental food materials necessary for the life and growth of body cells is not 
suppli~. 

2 . Foods that are especially high in vitamins and mineral salts. 

3. Protein foods. 

4. En"Zy foods. 

S. Overeating. bacterial contamination. and viNs infections. 

~15 

I . 11 D'CatS upset stomach associated with hyperacidity. 

2. They inlCTfere by altering disintegration. dissolution. or solubility and changing psoic emptying rime. 
3. Histamine:2 blockus. 

4 . They suppress gastric acid secmion by specific inhibition oflhe enzymes at the surfa« oflbe gasDic 
parietal cell. 

S. Metoclopramide works by either causing the Rlease of mon acttylcholim or sensitizing RCC'ptotS on the 
smooth muscle oflhe digestive system. 

6. Shon·tenn truanent of active duodenal ulens.' 

416 
I . Saline. by attracting and retaining water in the intestine: irritant/stimulant. by direct action on ~e intestinal 

---mucosa to cause contractions: bulk producing. by holdin! water in the slool: lubricant. keeps fcal water 
from being absorbed: surfactant. deteTJe1u activity lets water mix intO Stool. 

Hypersensitivity. nausea and vomiting... symptoms of appendicitis. aculC surgical abdomen. fecal impaction. 
or intestinal obstrUction. 

417 
I. They decrease motility or remove excess water from the bowel. 

2 . Directly on the muscle orlhe Inteslinal tract to slow peristalsis, 

3. The~' adsorb water and toxins nom the bowel. 

Do tbe uait ftvin.' enrc:isn befoft goiae to tbe nut unit. 

, 
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Unit Review Exercises 
Note to Student: Consider all choices carefully. select the besT answer to each question. and circle 
the corresponding lener. 

29. (411) What sphincter valve connects the smmach to the small intestine? 
a. Upper esophageal. 
b. Lower esophageal. 
c. Pyloric. 
d. Duodenal. 

30. (411) Where does most of the digestive and absorptive processes occur'? 
a. Stomach. 
b. Small intestine. 
c. Large intestine. 
d. Esophagus. 

31 . (411) Approximately ~:hat percentage of an adult ' s body is composed of water? 
a. 33 . 
b. 44. 
c.55. 
d. 66. 

3:2. (411) What substance is mixed with chyme in the duodenum during the digestive process'? 
8 . Bile. 
b. Lipase. 
c . Amylase. 
d. Tripsin. 

33. (412) Heparin is manufactured in the 
a. gall bladder. 
b. pancreas. 
c. stomach. 
d.livcr. 

34 . (4 I:!) in what or~an is insulin manufactured? 
a . Gall bladder. 
b. Pancreas. 
c . Stomach. 
d. Liver. 

35. (41:!) What membrane separates the abdomen into different areas to help suppon the abdominal 
organs':' 
a . Colon. 
b. Pancreas. 
c. Peritoneum. 
d. Appendi);.. 

36~ (41:!) Which area of the peritoneum supplies blood and nerves to the intestine? 
a . Greater omentum. 
b.lesser omentum. 
c. Abdomen. 
d . Mesentery. 
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:; 7. (4 J:;) \\"hat disease is problematic for people who use antibiotic lozenges? 
a. Stomatitis. 
h. Gingivitis. 
c, Dental caries. 
d . Pyorrhea. 

- _." 
38. (413) What disease is inflammation of the tooth socket? 

a. Dental caries. 
b. Ging.ivitis. 
c. Stomatitis. 
d. Pyorrhea. 

39. (413) The pan of the alimentary canal that relaxes allowing digestive juices to enler the esophagus 
is the 
a. lower esophageal sphincter. 
b. upper esophageal sphincter. 
c. stomach. 
d. colon. 

40. (413) 'What disorder refers to an inflammation of the intestinal mucosal lining? 
a. Diarrhea. 
b. Dysentar),. 
c. Appendicitis. 
d. Ulcerative colitis. 

41 . (413) Which intestinal disorder occurs when the intestinal muscu!.ture is overstimulated? 
a, Piles. 
b. Divcniculitis. 
c. Flaccid constipation. 
d . Spastic constipation. 

4:::!. (413) The disorder caused when destructed liver cells cunail ponal circulation is 
a . hepatitis. 
b. cirrhosis. 
c. pancreatitis. 
d. cholecystitis. 

43. (413) Peritonitis often follows an infection ofwMt orpn.? 
a. Appendix. 
·b. Gall bladder. 
c. Pancreas. 
d. Liver. 

44. (413) What disorder is presented as an accumulation of fluid in me peritoneal cavit)"'? 
a. Hepatitis. 
b. Appendicitis. 
c. Ascites. 
d. Gall stones. 

45. (414) Which items are considered protective foods'? 
&. CarbOhydratcs. 
b. Citrus fruits . 
c. Mill. 
d. Fats. 



46. (41 4 ) Which item is considered ellerfJ1ood'? 
a. Fat. 
b. Protein. 
c. Citrus fruit. 
d. Milk. 

47. (415) The treatment for GERD is for how many weeks? 
a. 6. 
b. 8. 
c. IO. 
d. 12. 

-

48. (4 J 5) At the final step in its production,. which class of drugs inhibits stomach acid? 
a. Antacids. 
b. GI stimulants. 
c. Protective agents. 
d. Proton pump inhibitors. 
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49. (415) What drug does omepr.a.zole interact with. causing an increase in the le\'els of both drugs? 
a. Clarilhromycin. 
h. Theophylline. 
c. Phenytoin . 
d. Warfarin. 

50. (415) Which antiulcer drug works locally rather than systemically? 
a. Proton pump inhibitors. 
b. Proteclive agentS. 
c. H: blockers. 
d. Antacids.-

51 . (416) Psyllium falls into which category of laxative? 
I. Irritant/stimulant. 
b. Bulk producing. 
c. Surfactant. 
d. Lubricant. 

S~. (416) What is the mechanism of action for SUrflctant laxatives? 
I. Direct action on intestinal mucosa to supplement peristalsis. 
b. Keeps fecal water from being absorbed. 
c. Attract and retain water in intestine. 
d. Lets water mix into stool to soften. 

53. (4 17) Which antidiarrheal is mucturally ~lated to meperidine? 
8 . Loperamide. 
b. Diphenoxylate. 
c . Kaolin. 
d. Pectin . 

54. (417) Atropine is added to dipheoxylate to 
a. enhance absorption. 
b. decrease side effects. 
c. increase therapeutic effects. 
d. discourap:e intentional overdose. 

PIUK read tbe unit menu for unit J and continue .. 
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Student Notes 
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THE urinary system consists of organs that produce urine and eliminate it from the body. The 
excretion of urine and its elimination from the body are vital functions. since together they 
constitute one of the moSl imponant mechanisms for maintaining homeostasis. This unit will 

discuss the anatomy and physiology of the urinary system, the conditions associated with this system, 
and the drugs used to treat those conditions. 

3-1. Anatomy, Physiology, and Disorders oftbe Urinary System 
This section begins with an introduction to the urinary system. The next lessons discuss the structure 
and function ofthe kidneys and ureters. 

418. Introduction to the urinary system 
The urinary system is also called the excretory system. and one of its main functions is to remove 
cenain waste products from the blood and eliminate them from the body. 

The tenns ~/;minDtion and ot::r"elion are often used interchangeably. Excretion is the function that 
removes useless substances (i.e_ the waste products of c:ell metabolism) from the blood and lymph. 
This is done by not only filtering the waste products from the blood but also by a type of cellular 
activity similar to when ,lands prOduce secretions. On the other hand, elimination indicates the actual 
emptying of the hollow or,ans where these waste products have been temporarily stored. Thwo. the 
kidney is said to excrete, while the urinary bladder eliminates. The main pans of the urinary SYStem 

-shown in figure 3-1 are: 

Pans Function 

Two kidneys These are the glandular organs that .re necessary for life. The kidneys. in addition 10 
other thinos. extract wastes from the blood. 

Two ureters These are tubes that conduct the secretion from the kidneys to the urinary bladder. 

The unnary bladder This ;s the reservoir tNt receives the urine brought to it bY the two ureters. 

The urethra This is the excretory tube tor the: bladder. The urine is conduded to IhI! outside of the 
body and elimmated through the ureth ... . 

, 



Fto~ )-1. The Uf'iMry -rstern. with blood wueta. 

419. Kidneys 
The two kidneys lie apinS! the muscles of the back in the upper abdomen. The lower ribs and the rib 
(costal) canilag.es protecl them since the'), are up under the dome of the diaphragm. Each kidney is 
enclosed in a membranous capsule made of fibrous connective tissue; it is loosely adherent 10 the 
kidnC'y itself. In addition. there is a crescent. offal around the lateral perimeter of the orpn. It is 
called the adipose capsule. and is one of the chief supponin! structures of the kidney. The periloneum 
lies in front of the kidneys, which means the kidneys and several other structures are nOI in the 
peritoneal cavity. This area is known as the rTrro~riloneal space. indicating thai it is behind the 
peritoneum. 

Structure 

The kidney is a somewhat flanened organ about 10 em (4 inches) long. 5 em (2 inches) wide. and 2.5 
cm (J inch) thick. There is a notch. called the hilus, on the inner or medial border where the ancry • 
..dle..¥e-in. and the ureter connect with the kidney. The outer or lateral border is convex (curved 
outward). g.iving the entire orpn a bean-shaped appearance. 

The threC' regions of the kidne), are: 

1. Rena l conex. 

2. Renal medulla. 

3 . Renal pelvis. 

The renal cortex is the outer ponion of the kidney. The renal medulla consiru of several cone-shaped 
structures called p'vromim. The tip of each pyramid points toward the renal pelvis. The renal pe/l'il is 
a funne)·shapcd basin that fonns Ihe upper end ofthe ureter. Cu~like extensions ofthe renal pelvis 
project from the pelvis to surround the tips of the pyramids. These extensions are called calyces, 



singular ca~\·x. The urine collects in the peh' is and then 
passes down the ureters to the bladder (see fig . 3-::! J. 

The kidney is a g.landular organ with most of the tissue 
being: epithelium and just enough connective tissues to 
serve as a framework As is the case with most organs. 
the most fascinating aspect of the kidney is 100 small to 
~ seen with the naked eye. This basic unit of the 
kidney. where the kidney' s business is actually done. is 
called 8 nephron (see fig. 3-3). The nephron is 
primarily a tiny coiled tube with a bulb at one end 
called the Bowman 's capsule. This bulb surrounds a 
cluster of capiIlaries called the g/oment/us. A kidney is 
composed of about a million nephrons. If all these 
coiled tubes wert' separated. straightened OUl, and laid 
end to end, they would span some 120 kilometers (75 
miles)! 

Fig," 3-2. Longitudinal .. ct1on through the 
kidn.y showing Its intel'Nli .ttucture: 

A small blood vessel. called the afferent murio/e. supplies the glomerulus with blood: another small 
vessel. called the efferent aTlerio/e. carries blood from the glomerulus to the capillaries surrounding 
the coiled tu~ of the nephron. Since these: capillaries surround the tube. they arc called the 
perilubular capillaries. 

~--

The lubular pan of the nephron consists of several ponions. The coiled ponion leading ftom the 
Bowman's capsule is called the proximal convoluled ,ubu/e, and the coiled portion at the other end is 
called the dUlal con~'Oluled lubule. Between these two coiled ponions is the loop of Hen/e (see fig. 3-4). 
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The distal convoluted tubule curls back toward the glomerulus between the afferent and efferent 
a"erioles. At the point whert! the distal tubule contacts the ancrioles are specialized glandular cells 
that form thejuxJag/omeruJar apparatus. The function of these specialized cells is discussed later in 
this lesson. 

The glomerulus. Bowman' s capsule. and the proximal and distal convoluted tubules of each nephron 
are within the renal conex. 1bc loop of Henle extends varying distances into the medulla. The distal 
end of each tubule empties' into a ·coUeering duct. which continues through the medulla toward the 
renal pelvis. 

Pbysiology of Ibe RDa) systnn 

Glom~rular fll,rlllion 
The process of urine fonnation begins in the !Iomerulus and Bowman' s capsule, The membranes 
fonning the walls of the glomerular capillaries are sievC'-tike and pennit • free flow ofw'ler and 
soluble materials through them. These capillary walls. as is the case with other capillaries. are 
impermeable to blood cells and large protein molecules. so these substances remain in ti.le blood. 

The afferent arteriole. entering the glomerulus. allows blood to enter more rapidly than it can leave 
through the efferent aneriole. Thus. the blood's pressure in the glomerulus is about three to four times 
as high as it is in other body capillaries. Consequentl~ ... the fluid in the blood is constantly being 
"squeezed'" into the Bowman's capsule. This process is known as glomerular filtration, and the fluid 
that enters the Bowman's capsule is called the ,Iomerular filuste, This filtrate then begins itsjoumey 
along the tubular system of the nephron. In addition to water and the nonnal soluble substances in the 
blood. other substances, such as drugs. may also be fihered and become pan of the ,Jomerular filtrate. 

Tllbillor uobsorptiDn ond ucntio" 
The process of filtration that occurs in the renal corpuscle is followed by the processes of 
reabsorption and secretion during the journey of the filtrate through the tubular system. The filtrate is 
very much like the blood plasma: since it contains ,Jucose. amino acids, mineral salts. water. and 



other needed substances. These are removed by the celi s o f the proximal convoluted tubule and 
returned to the tissue fluid s and to the blood in the peritubular capillaries by reabsorption. As this 
modified filtrate continues its journey throu~h the loop of Hen le and the distal convoluted tubule. 
more waste material s and often drugs are removed from the blood by an active process called 
secretion. The original dil ute filtrate has now become urine. ready for excretion from the body. 

Functiops of tbe kidneys 
The following is a list of the kidney' s functions: 

1. Excretes unwanted substances such as waste products from cell metabolism and excess salts . 

.=! . Helps to maintain water balance. 

3. Helps to regulate the acid·base balance. 

4 . Produces honnones including the honnone renin. which is important in the regulation of 
blood pressure. 

The use of proteins (in the fonn of amino acids) by the body cells produces. among other things. 
waste materials that contain the element nitrogen. Chief among these nitrogen-containing products is 
urea. The kidneys provide a specialized mechanism for the elimination ofthesc nitrogenous waste 
products. 

A second function of the kidneys involves the maintenance of water balance. Although the amount of 
water consumed in a day can vary tremendously. the kidneys can adapt to these variations so lhat the 
volume of body water remains remarkably stable from da}' to day. Water is constantly lost in many 
ways: from the skin. I~ respiratory system during exhalation. and the intestinal tnct. NonnaUy. the 
amount of water taken in or produced (intake) is approximately equal to the amount lost (output). 

A third function of the kidneys is to aid in regulating the acicj.base balance of the body fluids. Acids 
are constantly being produced by cell metabolism and. in addition cmain foods can cause acids or 
bases to fonn in the body. Bases in the fonn of antacids. such as baking soda, may also be ingested. 
However .. if the body is to function nonnaHy. a ceRain critical proponion of acids and bases must be 
maintained at all times. 

The fourth function of the kidneys involves the production ofhonnoAeS. which is accomplished by 
the juxtaglomerular apparatus. If the blood pressure is low. the jumglomerular apparatus cells 
release renin into the blood. There it acts IS an enzyme which activates a protein that causes blood 
vessels to constrict and thus raise the blood pressure. When the kidneys do not get enou@.h oxygen. 
they release another honnone-like substance that acts as an enzyme 10 produce erythropoietin. 
Erythropoietin serves to stimulate the development of red bone marrow and thus prevents anemia. 

Dialysis apd kidDey transplaDts 

Dialysis 
Dia~vsis means the diffusion of dissolved molecules through a semipermeable membr01le. These 
molecules tend to pass from the area of greater concentration to one of less concentration. In patients 
who have defective kidney function. the accumulation of urea and other nitrogen waste products can 
be reduced b~' passing the patient's blood through. dialysis machine. This is where the principle of 
molecules leO\';ng the area of greoter concentration operates 10 remove the excess products from the 
blood. 

Hemodia lysis and peritoneal dialysis are the two methods in use. Both art based on the principle of 
diffusion of dissolved molecules through a semipenneable membrane. In hemodialysis. the membrane 
is made of (;cllophane; in peritoneal dialysis. the surface area of the peritoneum acts as the membrane. 
An amendment 10 the Social Securit)· Act in 1973 provides federal financial assistance for pcDODS 
who have chronic renal disease and require dialysis. Recent improvements have made home dialysis 
possible for man)' patients. Access to the bloodstream has been made safer and easier. and the size of 
the equipment has been reduced. Currmtly. researchers are developing a portable hemodialysis unit 

.. 



that patients can wear when the~ are away from home or hospital. With improved methods of 
peritoneal dialysis. chronic as well as acute renal failure can be treated. Pennanent catheters can be 
implanted into the abdomen. and machines have been developed that can administer the dialyzing: 
fluid automatically. 

Kidnry transplants 
Many hundreds of kidney transplants have been done successfully during the last several years. 
Kidneys have so much extra functioning tissue that in the normal individual no problem is posed by 
losing one kidney. Records show the percentage of transplant successes is greatest when living. 
closely related donors are used . However. organs from a deceased donor have also proved satisfactory 
in many cases. 

420. Uret.n 
The two ureters arc long. slender. muscular tubes that extend from the kidney basin down to and 
through the lower pan of the urinal')' bladder. 

Strudun aad function 
The ureters' length naturally varies with the size of the individual and so may be anyv.·here from 2S 
em to 32 em (10 to 1:2: inches) long , Nearly 2.5 em (one inch) of the lower part enters the bladder by 
passing obliquely through the bladder wall. They are entirely eXUllperitoneal. and that is behind and at 
the lower pan. below the peritoneum. 

The walls of the ureters include a lining of epithelial cells. 8 relatively thick layer of involuntary 
muscle. and finally. an outer C08t of fibrous connective tissue. The lining is continuous with that of 
the renal pelvis and the bladder. The muscles of the ureters are capable of the same rhythmic 
contraction (peristalsis) found in the digestive system. At frequent intervals. peristalsis moves the 
urine along the ureters from the kidneys to the bladder. Because of the oblique direction of the last 
pan of each ureter throu~ the lower bladder wall compression of the ureters by the full bladder 
prevents back~flow of urine. 

Uriaary bladder 
The urinar), bladder is a temporal)' reservoir for urine. just as the gallbladder is a stDnlge bag for bile, 
An empty bladder is located below the parietal peritoneum and behind the pubic joint. A filled 
bladder pushes the peritoneum upward and may extend well into the abdominal cavity proper, 

The bladder wall has many layers and is lined with mucous membrane. When the receptacle is empty. 
the lining (like the stomach lining) is throvm into folds called rugae. Beneath the mucosa is a layer of 
connective tissue. Following the connective tissue is a three-layered coat of involuntary muscle tissue 
that is capable of stretching to 8 great extent. FinaJl»'. there is an incomplete coat of peritoneum that 
covers onl)'the upper ponion of the bladder. When the bladder is empty. the muscu"-r wall becomes 
thick and the entire organ feels finn. As the organ fills. the muscular wall becomes thinner and the 
orpn may increase from a length of S em (~ inches) up to as much as 12.5 em (S inches) or even 
more. A moderately full bladder holds about 470 ml (one pint) of urine. 

Near the outlet of the bladder circular muscle fibers contract to prevent emptying. and form what is 
knovm as the intV1la/ spninc/~r. In an infant. a center in the lower pan of the spinal cord receives 
impulses from the bladder and sends motor impulse~ out to the bladder musculature: the orlan is 
emptied in a reflex action. However. with training. the child learns 10 control this reflex. 

Urotb ... 
The urtlnra is the tube that empties the bladder. It extends from the bladder to the outside. The 
urethra differs in men and women, since in men it is also a pan of the: reproductive system and it is 
much longer. 
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The female urethra is a thin-walled tube about 3.75 em long. It is behind the pubic joint embedded in 
the muscle of tile fronl wall of the vagina. The external opening is called the urethra! meatus and is 
located JUSt in front of the vaginal opening or within the lower pan of the front wall of the vagina. 

The male urethra is about 20 em long. Earl~' in its course, it passes through the prostate gland. where 
the two ducts carry:ing the male sex cells (semen) join it. From here it leads through the penis to the 
outside. The male urethra serves the dual purpose of conveying the semen and draining the bladder. 

The process of expelling urine through the urethra is called urination or micturition. 11 is controlled 
by the action of circular muscles continuous with those in the walls of the bladder and in the urethra. 
These form valve~like structures that are aided by external muscles in the pelvic floor. 

Urine 

In this lesson we learned some of the main constituents of urine. Here they are summarized in a more 
detailed manner. 

Urine is a yellowish liquid that is about 9Spe:rcent water. A number of solids and gases are dissolved 
in this water. The amount of these dissolved substances is indicated by the specific graviry.lfurine 
were pure water. the specific gravity would be 1.000. However. because of the dissolved materials. 
the specific gravit)' of urine normally varies from I.OO:! for very dilute urine to 1.040 for very 
concentrated urine. V.'hen the kidneys art diseased. they lose the ability to concentrate urine and the 
specific gravit)' will not vary as it does when the kidneys function nonn811),. 

Some of the dissolved substances nonnally found in the urine are the following: 

• Nitroienous waste products-These include urea, uric acid. and creatinine. 

• Mineral salts-These include sodium chloride (as in common table salt) and different kinds 
of sulfates and phosphates. They are excreted in appropriate amounts to keep the blood 
concentration of the mineral salts constant. 

• Yellow pigment-Derived from c:enain bile compounds. 

One of the most important pans of a person ' s physical evaluatton is the urine examination. Among 
the most significant abnormal substances found in the urine are the following: 

Abno"".1 Subsanca In Urin. 
Substance Chatlll:tltriStica 

Glucose An indication of a disease known as diabetes ",./litus where blOOd sugar is not 
oxidized (burned! =.s~ ceDs but i5 excreted in Ihe urine instead. Glucose in the 
urine is known a5 una. 

Albumin Normally retained In the blood. May indicate a kidney disorder sud"l a5 nephritis. 
Albumin," the urine is known as albuminuria. 

Blood An important indicator of urinary system disease including nephritis. Blood in the 
urine is known as helTUlturia. 

Acetone ! Ptoduced when fats are incompletely oxidized. Often seen in diabete5 mellitu5 and in 
starvation. 

Pus cells (leu~oC)1'es) I Evidence of infedion, Can be seen by microSCOPIC examination of a centrifuged 
. spedmen. Pus in the urine is known as pyunB. 

Gasts Molds fanned in the microscopic IOdney tubes. Usually evidence of disease of the 
nephrons. 

421. Disorden associated with the urinary system 
This lesson deals with disorders of the kidney. ureters. bladder. and urethra. 

Kidney disorders 

Kidney disorders may be acute or chronic. Acute conditions usually arise suddenly and. most 
frequently. are the result of infection with inflammation of the nephrons. These diseases commonly 



run a course of 2 few weeks followed by complete recovery . Chronic conditions arise slowly and 
often are progrr.:ssive with gradual Joss of kidney func1ion . 

Acute glomerulonep/,rilis 

Acute g/omeruJonephrilis is the most common kidne~' disease. One to four weeks after a streptococcal 
infection of the throat. this condition usuall\' occurs in children Antibodies fanned in response to the 
streptococci anach to the glomerular memb~ane and injure it. These damaged glomeruli allow protein. 
especially albumin. to filter into the Bowman's capsule and ultimately appear in the urine 
(albuminuria). They also allow red blood cells to filter into the urine (hematuria). Usually. the patient 
recovers without pennanent kidney damage. Sometimes. in an aduh patient. the disease becomes 
chronic with 8 gradual decrease in the number offunctioning nephrons leading to chronic renal 
failure. 

Pyelonephritis 
~/onephriliJ refers to an inflamr.iation of the kidney pelvis and the tissue of the kidney itself. It 
may M either acut . C'!' chronic. In acute pyelonephritis, the inflammation results from a bacterial 
infection. Bacteria most commonly reach the kidney by ascending along The lining membrane from an 
infection in the lower part of the urinary tract. More rarely. bacteria can be carried to the kidney by 
the blood. Acute pyelonephritis is often seen in persons with panial obstruction of urine flow with 
stagnation (urinar:' stasis). This may occur during pregnancy in the female or it may be due to an 

-= . enlarged prostate in the male. Usually. the disease responds to the administration of antibiotics. fluid 
replacement. reSL and fever control. Chronic pyelonephritis is a more serious disease and is 
frequently seen in patients with urinal')' tract blockage. It rna)' be caused by persistent or repeated 
bacterial infections. There is progressive of kidney tissue damage eventually leading to chronic renal 
failure. 

H..vdronephrosis 
Hydronephrosis refers to the distension of the renal pelvis and calyces caused by an accumulation of 
fluid due to an obstruction of nonnal urine flow. The obsttuction may occur at any level in the urinary 
tract. The most common causes of obstruaion are (in addition to pregnancy or an enlarged prostate): 

• Kidney stone formed in the pelvis and dropped into the ureter. 

• Tumor pressing on a ureter. 

• Scars caused by inflammation. 

There can be complete recovery if the obstruction is removed within a few weeks before the kidney is 
damaged. If the obstruction is not removed. the kidney will be pennanently damaged. 

Acute unlll flli/llre 
Acute renal failur~ may result from a medical or surgical emer,ency or &om toxins that damage the 
tubules. This condition is characterized by a sudden. serious decrease in kidney funaioD. which may 
be fatal without immediate medical treatment. 

Chronic unalfailure 
Chronic renal failure results from a gradualloss of nephrons. As more and more nephrons are 
destroyed. the kidneys gradually lose the ability to perfO"" their normal functions. As the disease 
progresses. nitrogen waste products accumulate to high levels: this condition is known as uremia. 



A few of the characteristic signs and symptoms of chronic rena l failure are in the following table. 

Symptoms of Rena' Failure 

Sign or Symptom Characteristics 

Dehydration ExcessIve loss of body fIlJid may occur early in renal failure when 
the kidneys cannot concentrate the urine and large amounts of 
water are etiminated. 

Edema When the kidneys cannot eliminate water, in adequate amounts. 
accumulation of fluid in tissue spaces may occur late in Chronic 
renat disease 

Hypenension May occur as the result of fluid ovenoad and the Increased 
production of renin . 

Anemia Occurs when the IOOneys cannot produce the hormone to 
activate red bone marrow cell oroduc:tion. 

Increased amounts of nitrogen waste If these levels are very high. urea ean be Changed into ammonia 
products in the blood in the stomach and intestine and cause uleerations and bleedina . 

Even without kidney disease. the kidneys lose some of their ability to concentrate urine because of the 
aging process. More waler is needed to excrete the normal amount of waste products. OldC'T persons 
find it necessary to drink more water, and they eliminate larger amounts of urine (polyuria) even at 
night (nocturia). 

Kidn~)' lumoTS 

Kidney tumors usually grow rather slowly. but occasionally rapidly invading types are found. Blood 
in the urine and dull pain in the kidney region are warnings that must be immediately heeded. 
Immediate surg.ery may be lifesaving. A polycystic kidney is one in which many fluid--containing sacs 
develop in the active tissue and @1'8dually, by pressure, destroy the functioning pans. This disorder 
runs in families. and until now D'eaanent has not proved very satisfaCIOI')', exce-pt for the use of 
dialysis machines or kidney transplants. 

Kidnqslonu 
Kidney stones.. or calculi. 8M made of certain subscances. such as uric acid and calcium salts., that 
precipitate out of the urine instead of remaining in solution. They usually form in the renal pelvis, 
although the bladder can be another site of formation. The causes of this precipitation of stone- . 
building materials include infection of the urinary tract and stagnation of the urine. These stones may 
val)' in size from tiny grains resembling bits of p-avel up to large masses that fill the kidney pelvis 
and elClend into the calyces. These are described as slaghorn calculi. There is no way of dissolving 
these stones. since substances that would be able to do so also would desuo)' the kidney tissue. 
Sometimes. instruments can be used to crush smaller stones allowing. them to be expelled with the 
urine. More often surg,ical removal is required. 

Disorders oftbr u~trn 
Ureter structure abnonnalilies include double ponions at the kidney pelvis and constricted or 
abnonnally narrow pans. called SlriClurtS. Narrowing ofthe ureter may also be caused by abnormal 
pressures from tumors or other masses outside the tube. Ureter obstruction can be caused by stOnes 
from the kidneys or a kinked tube from a dropped kidney. a condition known as plosis. 

The passage of a small stone along. the ureter causes one of the most excruciating pains known. This 
intense pain is called renal colic and usually requires morphine or an equally powerful drug for relief. 
The first "barber surgeons.- operating without benefit of anesthesia. were pennined by their patients 
to cut throu~h the skin and the muscles of the back to remove stones from the Ureters. "Cuning for 
stone" in this way was relatively successful. in spitt: of lack of sterile lechnique, because of the 
approach through the back and the avoidance of the peritoneal cavit)'. with the possibility of deadly 
peritonitiS. Modem surgery for a kidney Slone. including the US(' of special instruments threaded 
throu!h the urinar), tract from the outside. may cause temporuy disability and 8 shon convalescence. 
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Disordrrs involving tbe bladder 

A full (distended) bladder lies in an unprotected position in the l\lwer abdomen. and a blow may 
rupture it.., necessitating immediate surgical repair. Infection and tumors may involve the bladder: 
cO~.!!l0n symptom is blood in the bladder. Jnflammation of the bladder is called cystitis and is )0 
times as frequent in women as in men. This may be due. at least in pan. 10 the very shen urethra in 
the female (compared with that of the male). Usually. bacteria (e.g., colon bacilli) ascend from the 
outside through the urethra into the bladder. Pain, ur~ency. and frequency arc common symptoms. 

Obstruction. by an enlarged prosaic gland or from a prcrnanc),. may lead to stagnation and cystitiS. 
Reduction of the general resistance 10 infection. as in diabetes. may lead to cystitis. The danger is that 
the infection may ascend to other pans of the urinary tract. 

Another disorder involving the bladder is overactive bladder. Overactive bladder is a widespread 
medical condition characterized by the following symptoms: 

• Urgency (sudden, strong desire to urinate). 

• Frequency (frequently urinating more than eight times in 24 hours). 

• Ul'@e incontinence (sudden and total involuntary loss of urine). 

Many men and women develop this condition as they grow older. but overactive bladder is not a 
nonnal pan of aging. and it does not have to be endured. Overactive bladder can be effectively 
treated, just like other chronic medical conditions such as hypertension or adult-onset diabetes. 

There are different kinds of bladder control problems. Each has different cause and exhibits different 
symptoms. In order to ~et the proper medical treatment. it is imponant thai a healthcare provider 
identify which type a person has. Most bladder control problems happen when muscles are either too 
weak or too active. Problems also may occur when nerve signals don' t work properly. 

Disorders or tbe uretbra 

Con~enital anoma/its (defects) present at binh involve the urethra as well as other pans of the urinary 
tract. The opening of the urethra to the outSide may be 100 smaiL or the urethra itself narrowed. 
OcCasionally. it happens that there is an abnormal valve--like st:rucIUI'C located at the point where the 
urethra enten the bladder. These.valve-like folds of tissue can cause a backpressure ofthc urine with 
serious consequences if they arc nOi removed surgically. A condition in the male where the urethra 
opens on the under surface of the penis instead of at the end is calic:d hypospDllias. 

Inflammation of the mucous membrane and the glands of the urethra is called Un/Jrrilu. This 
condition is more common in the male than in the female and is oft.sn due to gonorrhea. althoup 
many other bacteria may be responsible for the infection. 

"'Straddle" injuries to the urethra are common in men. This type of injury occurs when. for example. a 
man walking. along. a raised beam slips and lands with the beam between his legs. Such an accident 
may catch the urethra between the hard surfaces of the beam and the pubic arch. and rupture the 
urethra. A ruptured urethra is fairty common in accidents where the bones of the pelvis are fractured. 

Self·Test Questions 
ArlU you complete tbese questioDs, you may cbeck your a.swen at tbe end of the un ic. 

4J8. Introduction to the urinary system 

I. Whitt is another name for the urilW)' system':' 

2. What are the main parts of the urinary system'? 



419. Kidneys 

1. What is the "ad ipose capsule:" 

2. What art the three regions of the kid ney? 

3. What is a nephron? 

4. What blood vessel supplies the kidnc)" s glomerulus with blood? 

5. List the functions oflhe kidneys . 

6. Define dialysis. 

420. Ureters 

1. How is urine moved along the ureter from the kidneys to the bladder'? 

2. Where is the urine bladder located when it is empty'.' Fun? 

3. What is the ~urethra:'" 

4. What percentage of urine is water? 

5. What is hematuria? 

421. Disorders usoeiatN with .b~ urina,,' system 
1. What is the most common disease of the kidneys: 

., What causes acute pyelonephritis? 

2'-1J 



J. What is "hydronephrosis?" 

4. What causes chronic renal failure? 

5, What are the characteristic signs and symptoms of chronic renal failure? 

6. Describe a polycystic kidney. 

7, What is ptosis? 

8. What is renal colic? 

9. What term is used to describe inflammation of the bladder? 

10. What two disorders can ~ caused by bladder obmuction? 

II. The condition in males in which the urethra opens on the under surface of the penis instead of at 
the end is called what? 

1.2. Is the condition urethritis more common in males or females? 

~2. Drugs Used to Treat Conditions Assodated with the Urinary System 
Now that you have learned about all the things thai can go wrong within the urinary system. let's look 
at some drugs used to treat those disorders. This section will cover urinary antispasmodics. ,urinary 
tract analgesics. and urinary alkalinizers. 

422. Urioary aatispasmodics 
Some of the antispasmodics that are indicated for GI problems also won in the urina~' tract. This 
lesson covers two ap:ents that are specifically recommended for urologic conditions. We' ll look at 
flavoxate and oxybutinin. Once again. these two drugs are different enough that they' ll be covered 
separately. 



Flavoxate 

• Coumeracts smoOlh muscle spasms of the urinary tract. 

• Relaxes smooth muscle by cholinergic blockade. -

• Exerts a direct effect on the muscle. 

• Contains anticholinergic. local anesthetic. and analgesic propenies. 

indiCiltions 

Flavoxate is indicated for the symptomatic relief of dysuria. urgency, nocturia. frequency, and 
incontinence that can be found in cystitis. prostatitis. urethritis. and urethrocystitis. Dosing for 
flavoxate is 100 or 200 mg, 3 or 4 times daily. The dose is reduced when symptoms improve. 
Flavoxate is available in 100 mg and 200 mg tablets. 

Contraindiclltions 

Flavoxate is contraindicated when there is any urinary obstruction. intestinal obstruction, or GI 
hemorrhaging. 

Warnings 
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Since flavoxate has some anticholinergic effects. it may disrupt the draina@emechanismoftheeye. 
Therefore, do not use flavoXite in patients suspccteq of having @laucoma. 

Pregnancy: There are no well~controlled studies in pregnant women. Flavoxatc should be used during 
pregnancy only when clearly needed. 

Lactation: It is not known whether this drug is excreted in breast milk. Use caution when flavoxate is 
administered to a nursing woman. 

Children: Safety and efficacy in children < I::! years of age have not been established. 

Drug ill/~rllClions 

There are no liste~ drug interactions for flavoute. 

Pillient informtllion 

• May cause drowsiness or blurred vision: observe caution while driving or perfonning other 
tasks requiring alenness. coordination. or physical dexterity. 

• May cause dry mouth. 

OxybutioiD 

• Exerts direct antispasmodic effect on smooth muscle. 

• Inhibits the action of acetylcholine on smooth muscle. 

• Exhibits anticholinergic activity. 

• Increases vesical capacity in patients characterized by involuntary bladder contraction. 

• Diminishes frequency of uninhibited conuac:tions of the detrusor muscle and delays initial 
desire to void. . 

• Decreases urgenc), and the frequency of both incontinent episodes and voluntary urination. 

Indications 
Oxybutinin is indicated for the relief of symptoms of bladder instability associated with voiding in 
patients with urinary urgency. frequency. leakage. urge incontinence. and dysuria . Dosing for 
oxybutinin is 5 mg 2-3 times daily. Oxybutinin is available in 5 m~ tablets and 5 m~5 mlliquid . 

, 
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ContraindicQlions 

Oxybutinin is contraindicated: 

- . Whenever there is a GI or urinary tract obstruction. 

• In patients with glaucoma or an unstable coronal)' condition. 

WQrnings 

Oxybutinin decreases sweating. This reaction is severe enough to cause heal prostration in high 
temperature environments. 

Pregnancy: Oxybutinin is in category B. Safety for use during pregnanc), has not been established. 
Use only when clearly needed and when the potential benefits oUTWeigh the potential hazards to the 
fetus. 

laCtation: It is not known whether this drug is excreted in breast milk. Exercise caution when 
administering to. nursing woman. 

Drllg inte'GCtions 
Oxybutinin may cause a slight delay in the absorption of oral acetaminophen. This decreases the 
effectiveness of acetaminophen. 

Oxybutinin increases the levels and actions of atenolol and digoxin. It also increases the concentration 
-= 'of nitrofurantoin. which increases adverse side effects. 

Ptlli~nt ;n/o"'Ullion 
• Drowsiness. dizziness or blurred vision. alcohol or sedatives may enhance drowsiness. 

Observe caution while drivinf: or perfonning other asks requ iring alenness. coordination or 
physical dexterity, 

• Dry mouth. 

423. UriD.'Y tract .".lg .. i.,. 
Infections can hun! The urinary tract is a sensitive area and sometimes when a patient has an 
infection. the pain needs to be treated before the antibiotic takes effect. Enter urinary analgesics. The 
only drug in this class that we·n discuss is phenazopyridine (try saying that one three times fast). 

After absorption. phenazopyridine is excreted in the urine where it exens a topical analgesic effect on 
urinary tract mucosa: therefore. it is used only for relief of symptoms. Its mechanism of action is 
unknown. Phenazopyridine is compatible with antibacterial therapy and can help relieve pain and 
discomfon before antibacterial therapy controls the infec:tion. 

IDdic:alioDS 
Phenazopyridine is indicated for the symptomatic relief of pain. burning. urpency. frequency. and 
other discomforu arising from initation ofthe lower urinary traCl mucosa caused by infection. 
trauma. surge,)', endoscopic procedures. or passage of sounds or "thelers. Its .nal~esic aClion may 
reduce or eliminate the need for systemic analgesics or narcotics. The dosing for phenazopyridine is: 
Adults: 200 mg 3 times/day after meals. Do not administer for> 2 days when used concomitantly 
with an antibacterial agent for the treatment of urinary tract infection (UTI). 

Children (six to 11 years): 11: mglkglday divided inlo three oral doses for two days. 

Phenazopyridine is availa~le in 100 and 200 m@ tablets. 
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ContraindicatioD~ 

Sensitivity to drug and kidney problems is the onl y contraindication for phenazopyridine . 

Warnings 
Pregnancy: Phenazopyridine is in category B. There are no adequate and well-controlled studies in 
pregnant women. Use during pregnancy only if clearly needed. 

Lactation: No infonnation is available on the appearance of this drug or its metabolites in breast milk. 

Drug ioteractions 
There are no drug interactions; however. since phenazopyridine is a dye, it may interfere with some 
urinalysis testing. 

Patient informatioD 
• May cause GJ upset: take after meals. 

• May cause a reddish-orange discoloration of the urine and may stain fabric. This is nOt 
abnonnal and represents no cause for alarm. Staining of contact lenses has also occurred. 

• Do not use long-tenn to treat undia!nosed urinary tract pain. This product treats painful 
symptoms but not the source or cause of the pain . 

424. Urinary alkalinizers 
This lesson covers little-known information or information that is not covered in yourtnlining.. We're 
going to learn about potassium c itrate. J know, you ' re asking yourself . .. Why are we reading about 
potassium and citric acid when we're discussing the urina..!)' tract?" Tbat's a good question. Potassium 
citrate is absorbed and metabolized to potassium bicarbonate. This is used to buffer gastric acidity 
and as a systemic alkalinizer. There are times when it is necessary to keep the urine more basic . It's 
not used often. but you need to know why you have the potassium and citric acid combinations 
(Bi-citra and Polycitra) in stocl:.. 

Indications 

This drug is used in conditions where long-term maintenance of alkaline urine is desirable. 11 is used 
in the treattnent of patients with uric acid and cystine calculi of the urinary tract and in conjunction 
with uricosurics in gout therapy to prevent uric acid nephropathy (damage to the kidneys from too 
much uric acid). The urinary alkalinizers come in either crystals for reconstitution. solution. or 5 mEq 
and 10 mEq tablets. The exact type and dosing is detennined by the severit), of the condition. Dosing 
for severe hypocitruria is 60 mEq/day in three or four doses. For mild to moderate hypocitruria: )0 
mEq/day (10 mEq three times/day with meals). 

Do not exceed 100 mEq/day. 

Coalraiadicatioas 
This drug is contraindicated in pati.ents with kidney problems or untreated Addison's disease. 

Warnings 
Pregnanc)·; Potassium levels are imponant when using this drug in pregnant women. There should be 
no problems as long as the dosage given does not cause hyperkalemia. 

Lactation: Exercise caution when used by a nursing: mother. 
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Drug interactions 

Urinary alkaiinizers may increase the excretion and decrease the serum level of the following drugs. 
,possibly decreasing their phannacologic effects: 

• Lithium. 

• Methotrexate. 

• Salicylates. 

• Tetracyclines. 

Conversely, alkalinizers may decrease the excretion and increase seru~ levels, increasing the 
phannacologic effects of these drugs : 

• Anorexiants. 

• Quinid ine. 

• Sympathomimctics. 

PatieDI A.ronn.tioa 
• Dilute with water: follow with additional water. if desired . 

• Take after meals. 

• Notify physic .sn if diarrhea. nausea. stomach pains. vomiting or convulsions occur. 

Self·Test Questions 
After you complete theu quntioa.s. you may ebttk your .astlren at tbe cnd or tbe uaiL 

422. Uriaa,,' aatispasmodics 
1. For what disorder is flavoxatc indicated? 

2. Which. if any amispasmodic. cxens a dirett antispasmodic effect on urinary smooth muscle"? 

3 . What condition is oxybutynin used to treat"? 

4. What possible dru@ interaction can occur between oxybutynin and nitrofurantoin? 

413. Urinary tra~t analgesics 
I . How is pnenazopyridine used with antibacterial therapy"? 

~. Phenazop~Tidine is used to treat what conditions"? 



.). What infonnat ion should be given to patients who are taking phenazop~Tidine and also wear 
contact lenses: 

424. Urina~' alkalinizers 
I. How is potassium used in the urinary system? 

2. How does gout therapy effect the urinary tract? 

3. What caution must be observed when treating pregnant patients with urinary alkalinizers? 

Answers to Self·Test Questions 

418 
I. The exerelory system. 

:=! . The rw-o kidneys. two Ureters. the urinary bladder, and the urethra. 

419 
I. A crescent of ral around the lateral perimeter of the kidney. 

2. The tenal conex. the renal medulla.. and the rmal pelvis. 

3. A nephron is the basic unit of the kidney. a tiny coiled tube with. bulb at one end. 

4 . Afferent aneriole. 
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S. Excretion of unwanted substlnces such as waste producu from "II metabolism and excess salts: aid in the 
maintenance of water balance; aid in I"rgulatini the acid-base balance: production of honnonts. including 
the honnone renin. which is imponant in the I'qulation of blood pressure. 

6. The diffusion of dissol ... ed molecules through a semipermeable membrane. 

420 
I. By peristalsis at frequent in~rvals. 

2. Empty-below the parietal peritoneum and behind the pubic: joint: fun-it pushes the peritoneum upward 
and may extend well into the abdominal avity proper. 

:;. The tube that extends from the bJadd~ to the outside. and is the means by which the bladder is ernJXied. 

4. 95 percent. 

S. Blood in the urine. 

421 
I. Acute glomerulonephritis. 

2. A bacterial infection. 

3. The disu:nsion of the renal pel ... is and calyces caused by an accumulation of fluid d1,l!..to an obsttuction to 
'normal urine flow. The obstruction may occur al any levd in the urinary tnct. 

... A padual loss of nephrons. 

5. Dehydration. edema. hypmcnsion. anemia. and an increued amount of nirro!tn waste products in the 
blood. 
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6. A kidney in which many fluid-containing sacs develop in the active tissue and gradually. b~' pressure. 
destroy the functioning pam. 

7. A kinking of the ureter due 10 a dropping of :ue kidney. 
8. Intense pain caused by the passage of a small stone along the ureter. 

9. Cystitis. 
10. Stagnation and cystitis. 

I L Hypospadias. 

12. Males. 

422 
I. Symptomatic relief of disuria. urgent)". nocturia. frequency, and incontinence in cystitis. prostatitis. 

urethritis. and urethrocystitis. 

2. Oxybutinin is the only one arme two discussed antispasmodics which exhibits drnl antispasmodic effects. 

3. Symptoms of bladder instability associated with urgency, frequency, and incontinence. 

4. It incrc:ases nitrofurantoin levels. increasing side effects. 

423 
I. It is used 10 relieve symptoms until the antibacterial therapy controls the infection. 

2. Symptoms only. pain and buming and other discomfons from urinary tract irritation. 

3. Contact lenses rna\' be discolored. 
-' 

424 
J. It buffers the ph of the urinary tract. 

2. Uricosuric agents remove uric acid from the body and excrete- them throuJh the urinary syStem. Too much 
uric .cid may damaBe- the- kidne-ys. 

4. Pngnant patienu must bt monitored for hyperkale-mia.. 
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Unit Review Exercises 

Note to Student: Consider all choices carefully. select the besl answer to each question. and circle 
the corresponding letter. When you have completed all unit review exert:ises. transfer your answers to 
Eel Form 34. Field Scoring Answer Sheet. 

Do nol rrturn your auswer sheet to Eel. 

55. (418) What tube conducts secretions from Ihe kidneys to the urinary bladder? 
a. Urethra. 
b. Ureter. 
c. Excreta!,)' vein. 
d. Nephron. 

56. (418) What is the name of the excretory tube for the bladder'? 
a. Urethra. 
b. Ureter. 
c. Excretal')' vein. 
d. Nephron. 

57. (419) What is the name afthe functional unit of the kidney? 
B. Renal medulla. 
b. Glomerulus. 
c. Nephron. 
d. Hilus. 

58. (419) What hormone is released by the kidney to in~ase blood pressure? 
a . Anti-diuretic hormone. 
b. Erythropoietin. 
c. Aldosterone". 
d. Renin. 

59. (420) What causes urine to move through the ureter? 
a. Bladder muscle contractions. 
b. Kidney muscle contractions. 
c. Peristalsis. 
d. Gravity. 

60. (420) What percent of urine is water? 
a. 65. 
b.75. 
c.85. 
d.95. 

61. (4~ I ) What is the most common disease of the kidneys? 
8 . Acute glomerulonephritis. 
·b. Chronic renal failure. 
c. Hydronephrosis . 
d. Pyelonephritis. 

, 
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6~ . (421) Dehydration, edema. hypenension. anemia. and an increased amount ofnirrogen ..... aste 
products in the ,llood are the characteristic symptoms of what kidney disorder? 
a. Acute glomerulonephritis. ;-'.' 
b. Chronic renal failure. 
c. Hydronephrosis. 
d. Pyelonephritis. 

63. (421) What is renal colic? 
a. Kinking of the ureter. 
b. Blockage of the ureter. 
c. Nanowing oflhe ureler. 
d. Passage of a stone through the ureter. 

64. (421) What disease occurs when bacteria ascend from the outside through the urethra into the 
bladde(.' 
a. Stagnation. 
b. Ptosis. 
c. Cystitis. 
d. Stricture. 

65. (421) A condition in males where the urethra opens on the under surface of the penis instead of at 
the end is 
•. cystitis. 
b. ptosis. 
c. calculi. 
d. hypospadias. 

66. (421) Which urinary antispasmodic ,~/ans smooth muscle through cholinergic blockade? 
a. Cyclobenzaprine. 
b. Carisoprodol. 
c: Oxybutinin. 
d. FlavoxaIe. 

67. (412) Which urinary antispasmodic decrease sweatinB and m.y cause heat prostration? 
a . Cyclobenzaprine. 
b. Carisoprodol. 
c.Oxybutinin. 
d. Flavoxate. 

68. (423) What part of urinary disorders is phenazopyridine used to treat? 
a. Causes and symptoms. 
b. Symptoms only. 
c. Bacteria only. 
d. Causes only. 

69. (423) What infonnation should patients who wear contaCt lenses be given when taking 
phenazop~Tidine'? 
a. Excess internal pressure may cause some discomfort. 
b. Excess internal moisture may fog lenses. 
c. Lenses-may become abnonnally dr)' 
d. Lenses may become stained. 
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70. (414) Which condition can be pre\'ented in goul patients by using potassium and citric acid? 
3. Uric ac id nephropathy. 
b. Systemic alkalosis. 
c. Lactic acidosis. 
d. Cystine calculi. 
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