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Introduction

Each PreTest™ Self-Assessment and Review is designed to allow allopathic
and osteopathic medical students, as well as international medical grad-
uates, a comprehensive and convenient way to assess and review their
knowledge of a particular medical science, in this instance, physiology.
The 500 questions have been organized to parallel the Content Outline
for the United States Medical Licensing Examination (USMLE™) Step 1
(http://www.usmle org/Fxaminations/step 1/stepl_content html). By famil-
iarizing yourself with the Step 1 Content Outline, you will get a more accu-
rate idea of the subject areas covered in each section. For example, acid-base
balance and high-altitude physiology are topics covered under General
Principles: Multisystem Processes and oxygen and carbon dioxide transport
are covered in the chapter on the Physiology of the Hematopoietic and Lym-
phoreticular Systems, rather than under Respiratory or Renal Physiology,
where you likely learned them during your medical school education. The
value of organizing the questions this way is that the Step 1 Content Outline
is used by the National Board of Medical Examiners (NBME) in the score
reports that go to each examinee to provide them with their relative perfor-
mance in each of the various areas tested by the USMLE Step 1. Thus, when
you eventually find out how you performed in each category, you will have
a more accurate understanding of your areas of strength and weakness.
Physiology: PreTest™ has been updated to incorporate a clinical vignette
and/or graphic interpretation in every question. In this way, the questions in
Physiology: PreTest™ more closely parallel the length and the degree of difficulty
of the questions that you should expect to find on the USMLE Step 1.
Physiology: PreTest™ will also be a valuable resource for osteopathic med-
ical students studying for the Comprehensive Osteopathic Medical Licensing
Examination (COMLEX)-USA. Similar to Step 1 of the USMLE, Level 1 of the
COMLEX-USA, administered by the National Board of Osteopathic Medical
Examiners, Inc., emphasizes an understanding of the basic science mecha-
nisms underlying health and disease, and is constructed with clinical presen-
tations in the context of medical problem solving (http://www.nbome.org).
Each question in Physiology: PreTest™ is followed by multiple answer
options., For each question, select the one best answer from the choices
given. Each question is also accompanied by the correct answer and its
explanation. The explanation provides the reason why the correct answer is
correct and, in most cases, the reasons why the wrong answers are wrong,

xi




xii  Introduction

The explanations also provide additional information relevant to the clinical
vignette and the basic science topic the question is intended to test. The ref-
erences accompanying each question are from popular and excellent physi-
ology, pathophysiology, and internal medicine textbooks. Step 1 is the first
of three exams required for medical licensure in the United States. Although
it is a test that examines knowledge of the basic sciences, the expectation is
that you can apply the basic knowledge in clinical problem solving. By using
clinical vignettes and clinical reference texts, our hope is that your prepara-
tion for the USMLE Step 1 (and/or COMLEX-USA Level 1) will also serve to
enhance your ability to function competently in the clinical environment.
The material in the referenced pages will provide a more expansive descrip-
tion of the subject matter covered by the question.

One effective way to use the PreTest™ is to use it as a review for each
topic area. Start by reading the High-Yield Facts on a selected topic found
at the beginning of the book. The High-Yield Facts are not meant to be a
complete list of all of the important facts, concepts, and equations neces-
sary for understanding physiology. Those that are included, however, offer
a solid foundation and should be included in your review of physiology in
preparation for a class test or for the USMLE Step 1. Once you've com-
pleted. your reading on a topic, answer the questions for that chapter. As
you check your answers, be sure to read the explanations, as they are
designed to reinforce and expand on the material covered by the questions.
If you are still unsure of why the correct answer is correct, you should also
read the referenced text pages.

PreTest™ can also be used as a practice testing session. Set aside two-
and-a-half hours, and answer 150 of the questions, writing the answers on
a separate sheet of paper. Once you have completed all 150, then you can
go back and compare your answers to the ones provided in the book. This
exercise will help you assess your level of competence and confidence prior
to taking the USMLE Step 1. Whichever way you use PreTest™, an important
part of your review can be found in the explanations.

Good luck on your exam and best wishes for your clinical training. Keep
in mind that there is a PreTest™ available for the other basic sciences, as well
as in each of the required clinical disciplines, so we encourage you to make
the PreTest™ series your review books of choice throughout the preclinical
and clinical portions of the medical school curriculum, as well as during your
preparation for Step 1 and Step 2 Clinical Knowledge (CK) of the USMLE or
for the COMLEX-USA Level 1 and Level 2-Cognitive Evaluation (CE).
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High-Yield Facts
in Physiology

GENERAL PRINCIPLEg: CELLULAR PHYSIOLOGY
(References: Ganong, pp 1-49. Widmaier et dl, pp 43-54, 96-136.)

Membrane Transport Mechanisms

The transport of ions, gases, nutrients, and waste products through biological
membranes is essential for many cellular processes. Membrane transport mech-
anisms can be classified as passive (do not require energy input, as with simple
diffusion or facilitated diffusion) and active transport (requires energy input).
Membrane transport mechanisms can also be classified as either simple diffusion
(does not requite a membrane transporter, eg, diffusion through the lipid bilayer
or diffusion through ion channels) or mediated transport (requiring an integral
membrane protein transporter, as with facilitated diffusion or active transport).

Diffusion is defined as the net flux of a substance from an area of higher
concentration to an area of lower concentration from movement solely by
random thermal motion, which does not require energy input.

Facilitated diffusion is a type of mediated transport, but is a passive process
in which carrier proteins move substances in the direction of their electro-
chemical gradients (eg, glucose transport in adipose tissue and muscle).

Active transport is a carrier-mediated transport process that requires energy
to transport substances against their electrochemical gradients. The most
important primary active transporter in marnmalian cells is the Na*-K* pump,
which generates energy from the hydrolysis of ATP. Secondary active transport
processes derive their energy from ion gradients. One example is the glucose
transporter, which uses energy derived from the Na* electrochemical gradient.

Table 1 summarizes the major characteristics of the various membrane
transport processes. Note that nonpolar substances, such as oxygen, carbon
dioxide, and fatty acids, are transported by simple diffusion through the
lipid bilayer of biological membranes. lons and hydrophilic solutes, which
do not readily cross the lipid bilayer, utilize an integral membrane protein to
cross the membrane either via diffusion through a protein channel or via a
carrier-mediated transport process.
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High-Yield Facts 3

Vimax = Maximal rate of transport\

Mediated transport

Va2

Rate of transport (net flux)

Simple diffusion

-
‘T (Substance)
Km

Figure |

The kinetics of diffusion versus carrier-mediated transport processes
vary, as depicted in Figure 1.

Simple diffusion of a substance is described by the Fick equation, as
follows:

Net flux = A x ([S1] — [S2]) x D/d

where
A is area available for diffusion,
[S1] — [S2] is concentration gradient of the substance across the
membrane,
d is distance for diffusion,
D is diffusion coefficient of the substance,
= solubility coefficient/\/gram molecular weight of the substance.

According to the Fick equation, substances will diffuse more rapidly if
the substance has a smaller mass, if the surface area for diffusion is
increased, and if the concentration of the substance in one region greatly
exceeds the concentration in the other region. For diffusion across mem-
branes, the magnitude of the net flux is also directly proportional to the
membrane permeability coefficient for the molecule.

Mediated transport exhibits saturation kinetics described by the
Michaelis-Menten equation, as follows:

Net flux = Vi X [S/K,. + [S],
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where
V...x is the maximal rate of transport.
[S] is the concentration of the transported substance.
K., is the concentration required for half-maximal transport of the
substance.

Osmosis is a term given to the passive diffusion of water across a semi-
permeable membrane from a compartment in which the solute concentra-
tion is lower (chemical potential of water is higher) to a compartment in
which the solute concentration is higher (chemical potential of water is
lower), as depicted in Figure 2. A semipermeable membrane is permeable
to water but impermeable to solutes.

The flow of water through membranes by osmosis is described by the
osmotic flow equation:

Flow =0 X L X (W; — ®,),

where
G is reflection coefficient.
L is hydraulic conductivity.
T, — T, is osmotic pressure difference across membrane.

The reflection coefficient (6) is an index of the membrane’s permeabil-

ity to a solute and varies between O and 1. Particles that are impermeable

Semipermeable
/ membrane Pressure

Figure 2
Diagrammatic representation of osmosis.VVater molecules are the open circles and
solute molecules are the closed circles. Osmosis is the passive flow of water mole-
cules across a semipermeable membrane from a compartment in which the chemical
potential of water is higher (solute concentration is lower) to a compartment in
which the chemical potential of water is lower (solute concentration is higher).
(Reproduced, with permission, from Ganong WF. Review of Medical Physiology. 22nd ed.
New York, NY: McGraw-Hill;2005: 5.)



High-Yield Facts 5

1o the membrane have a reflection coefficient of 1. Particles that are freely
permeable to the membrane have a reflection coefficient of 0.

The osmotic pressure (1) of a solution is the pressure necessary to pre-
vent solute migration. The osmotic pressure (in units of mm Hg) is calcu-
lated with the van't Hoff equation:

n =R T (¢ic),

where
R is the ideal gas constant.
T is absolute temperature.
 is the osmotic coefficient.
i is the number of ions formed by the dissociation of a molecule.
¢ is the molar concentration of solute.
(wic) is the osmolarity of the solution.

The value of i is 1 for nonionic substances such as glucose and urea, 2
for substances such as HCl, NaCl, KCl, NH,Cl, NaHCO;, and MgSO,, and
3 for compounds such as CaCl, and MgCl,.

A value of 1 is often used as an approximate value of ¢. Thus, the
osmolarity and osmotic pressure of 1 M CaCl; > 1 M NaCl > 1 M glucose.

Similarly, a 1 M solution of glucose has approximately the same osmo-
larity and osmotic pressure as 0.5 M NaHHCOs or 0.33 M MgCl,.

Orne osmol is equal to 1 mol of solute particles. The osmolarity is the
number of osmoles per liter of solution, whereas the osmolality is the num-
ber of osmoles per kilogram of solvent. In the body, osmolal concentrations
are expressed as osmoles per kilogram of water.

The term tonicity is used to describe the osmolality of a solution relative
to plasma. Solutions that have the same osmolality as plasma (~300 mOsm/L)
are isotonic; those with greater osmolality are hypertonic; and those with
lesser osmolality are hypotonic.

The plasma membranes of most cells are relatively impermeable to
many of the solutes of the extracellular fluid but are highly permeable to
water. Thus the movement of water by osmosis leads to swelling or shrink-
ing of cells. As shown in Figure 3, cells shrink when placed in hypertonic
solutions and swell when placed in hypotonic solutions.

The steady-state volume of a cell can be calculated as:

Tniial X Viniial = Tfinal X Vi

Isotonic solutions are commonly used for intravenous fluid adminis-
tration and as drug diluents because administration of an isotonic solution
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Intracellular fluid 300 mOsm
nonpenetrating solutes

Normal cell volume

. 4,

S ; iic'ea0omosm it | |, 7200mOsm . s 4
% nonpenetrating sol . ", nonpenetrating solutes * | | ' nonpenetrating solutes - ,
Hypertonic solution Isotonic solution Hypotonic solution
Cell shrinks No change in cell volume Cell swells
Figure 3

Cell volume changes with hypertonic, isotonic, and hypotonic solutions. (Reproduced,
with permission, from Widmaier EP, Raff H, Strang KT. Vander’s Human Physiology: The
Mechanisms of Body Function. ! Ith ed. New York, NY: McGraw-Hill;2008: 1 ] 1.)

does not produce changes in cell volume, that is, no net water movement.
Isotonic saline has a concentration of 154 mM NaCl, containing 154 X 2 or
308 mM of osmotically active particles. An isotonic solution of glucose is a
5% dextrose solution.

Intercellular Connections and Communication

Two types of connections form between the cells comprising a tissue. One
type of junction serves to fasten the cells to one another and to surrounding
tissues. Examples of fastening junctions that lend strength and stability to
tissues include tight junctions or zona occludens, desmosomes, zona
adherins, hemidesmosomes, and focal adhesions. The other type of connec-
tion between cells serves the purpose of transferring ions and other mole-
cules from cell to cell. This type of junction is called a gap junction, though
transport of ions across epithelial cells can occur via tight junctions.



