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< INTRODUCTION

Often, the medical student will cringe at the “drudgery” of the basic science courses
and see little connection between a field such as biochemistry and clinical problems.
Clinicians, however, often wish they knew more about the basic sciences, because it
is through the science that we can begin to understand the complexities of the human
body and thus have rational methods of diagnosis and treatment.

Mastering the knowledge in a discipline such as biochemistry is a formidable task. It
is even more difficult to retain this information and to recall it when the clinical setting is
encountered. To accomplish this synthesis, biochemistry is optimally taught in the con-
text of medical situations, and this is reinforced later during the clinical rotations. The
gulf between the basic sciences and the patient arena is wide. Perhaps one way to
bridge this gulf is with carefully constructed clinical cases that ask basic science-oriented
questions. In an attempt to achieve this goal, we have designed a collection of patient
cases to.teach biochemistry related points. More importantly, the explanations for these
cases emphasize the underlying mechanisms and relate the clinical setting to the basic
science data. We explore the principles rather than emphasize rote memorization.

This book is organized for versatility: to allow the student “in a rush” to go quickly
through the scenarios and check the corresponding answers, and to provide more de-
tailed information for the student who wants thought-provoking explanations. The an-
swers are arranged from simple to complex : a summary of the pertinent points, the bare
answers, a clinical correlation, an approach to the biochemistry topic, a comprehen-
sion test at the end to reinforcement or emphasis, and a list of references for further
reading. The clinical cases are arranged by system to better reflect the organization
within the basic science. Finally, to encourage thinking about mechanisms and rela-
tionships, we intentionally did not primarily use a multiple-choice format. Neverthe-
less, several multiple-choice questions are included at the end of each scenario to rein-

force concepts or introduce related topics.

HOW TO GET THE MOST OUT OF THIS BOOK

Each case is designed to introduce a clinically related issue and includes openended
questions usually asking a basic science question, but at times, to break up the monot-
ony, there will be a clinical question. The answers are organized into four different

parts:




. 2. INTRODUCTION

PART 1
1. Summary
2. A straightforward answer is given for each open-ended question
3. Clinical Correlation—A discussion of the relevant points relating the basic sci-
ence to the clinical manifestations, and perhaps introducing the student to issues

such as diagnosis and treatment

PART II
An approach to the basic science concept consisting of three parts
1. Objectives—A listing of the two to four main principles that are critical for under-
standing the underlying biochemistry to answer the question and relate to the clini-
cal situation
2. Definitions of basic terminology

3. Discussion of topic

PART II1
Comprehension Questions—Each case includes several multiple-choice questions that
reinforce the material or introduces new and related concepts. Questions about the ma-

terial not found in the text are explained in the answers

PART IV
Biochemistry Pearls—A listing of several important points, many clinically relevant
reiterated as a summation of the text and to allow for easy review, such as before an ex-

amination
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APPLYING THE BASIC SCIENCES TO CLINICAL MEDICINE 3

PART 1. APPROACH TO LEARNING BIOCHEMISTRY

Biochemistry is best learned by a systematic approach, first by learning the language of
the discipline and then by understanding the function of the various processes. Increas-
ingly, cellular and molecular biology play an important role in the understanding of dis-
ease processes and also in the treatment of disease. Initially, some of the terminology
must be memorized in the same way that the alphabet must be learned by rote; however,
the appreciation of the way that the biochemical words are constructed requires an un-

derstanding of mechanisms and a manipulation of the information.

PART 2. APPROACH TO DISEASE

Physicians usually tackle clinical situations by taking a history ( asking questions) , per-
forming a physical examination, obtaining selective laboratory and imaging tests, and
then formulating a dia}gnosis. The conglomeration of the history, physician examina-
tion, and laboratory tests is called the clinical database. After reaching a diagnosis, a
treatment plan is usually initiated, and the patient is followed for a clinical response.
Rational understanding of disease and plans for treatment are best acquired by learning
about the normal human processes on a basic science level; likewise, being aware of
how disease alters the normal physiological processes is understood on a basic science

level.

PART 3. APPROACH TO READING

There are six key questions that help to stimulate the application of basic science infor-

mation to the clinical setting. These are;

1. What is the most likely biochemical mechanism for the disease causing the
patient’s symptom or physical examination finding?

2. Which biochemical marker will be affected by treating a ce;‘tain disease, and
why?

3. Looking at graphical data, what is the most likely biochemical explanation
for the results?

4. Based on the deoxyribonucleic acid (DNA) sequeﬁce, what is the most likely
amino acid or protein result, and how will it be manifest in a clinical setting?

5. What hormone-receptor interaction is likely?

6. How does the presence or absence of enzyme activity affect the biochemical
( molecular ) conditions, and how does that in turn affect the patient’s symp-

toms?
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1. What is the most likely biochemical mechanism for the disease causing the
patient’s symptom or physical examination finding?

This is the fundamental question that basic scientists strive to answer—the un-
derlying cause of a certain disease or symptom. Once this underlying mechanism
is discovered, then progress can be made regarding methods of diagnosis and
treatment. Otherwise, our attempts are only empiric, in other words , only by tri-
al and error and observation of association. Students are encouraged to think about
the mechanisms and underlying cause rather than just memorizing by rote. For ex-
ample, in sickle cell disease, students should connect the various facts together,
setting the foundation for understanding disease throughout their life

In sickle cell disease, valine(a hydrophobic amino acid)is substituted for glu-
tamate (a charged, hydrophilic amino acid) in the sixth position in the B-globin
chain of hemoglobin( Hb). This decreases the solubility of hemoglobin when it is
in the deoxygenated state, resulting in its precipitation into elongated fibers in the
red blood cell.

This causes the red blood cell to have less distensibility and thus to sickle,
leading to rupture of the red blood cell (hemolysis ) and blockage in small capillar-
ies. The sludging in small capillaries leads to poor oxygen delivery, ischemia,
and pain.

2. Which biochemical marker will be affected by therapy?

After a diagnosis has been made and therapy initiated, then the patient re-
sponse should be monitored to assure improvement. Ideally, the patient response
should be obtained in a scientific manner; unbiased; precise, and consistent.
Although more than one physician or nurse may be measuring the response, it
should be as carefully performed with little inter-( one person to the next)or intra-
variation{ one person measuring) as possible. One of the therapeutic measures in-
cludes serum or imaging markers; for example, in diabetic ketoacidosis, the ser-
um glucose and pH would be measured to confirm improvement with therapy. An-
other example would be to follow the volume of a pulmonary mass imaged by CT
scan after chemotherapy. The student must know enough about the disease process
to know which marker to measure and the expected response over time. ‘

3. Looking at graphical data, what is the most likely biochemical explanation
for the results?

Medicine is art and science. The art aspect consists of the way that the physi-
cian deals with the human aspect of the patient, expressing empathy, compas-
sion, establishing a therapeutic relationship, and dealing with uncertainty; the

science is the attempts to understand disease processes, making rational treatment
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plans, and being objective in observations. The physician as scientist must be
precise about how to elicit data and then carefully make sense of the information,
using up-to-date evidence. Exercises to develop the skills of data analysis require
interpretation of data in various representations, such as in tables or on graphs.
Based on the DNA sequence, what amino acid or protein would be pro-
duced, and how would the protein be manifest in a clinical setting?

3

The clinician-basic scientist collaboration requires each party to “speak the
same language” and translate forward and backward from science to clinical, and
vice versa. Biochemical thinking is very stepwise, for example, the relationship
among DNA, ribonucleic acid (RNA ), proteins, and clinical findings. Since
the genomic information( DNA ) codes for proteins that affect physiological or path-
ological changes, it is of fundamental importance that the student becomes very
comfortable thinking about these relationships
Forward; DNA » proteins " Clinical Manifestations
Backward ; Clinical Findings ™ proteins effects " DNA

What hormone-receptor interaction is likely?

A hormone is a substance, usually a peptide or steroid, produced by one tis-
sue and conveyed by the bloodstream to another part of the body to effect physio-
logical activity, such as growth or metabolism. A receptor is a cellular structure
that mediates between a chemical agent( hormone ) and the physiological response.
The way that the hormone causes its effect is vital to understand, because many
diseases occur as a result of abnormal hormone production, abnormal hormone re-
ceptor interaction, or abnormal cellular response to the hormone-receptor com-
plex. For example, diabetes mellitus is manifest clinically by high blood-glucose
levels. However, in type | diabetes(usually juvenile onset), the etiology is in-
sufficient insulin secreted by the pancreas. (Insulin acts to put serum glucose into
cells or store it as glycogen. ) In contrast, the mechanism in type [I diabetes(usu-
ally adult onset)is a defect of the insulin receptor messenger; in fact, the insulin
levels in these individuals are usually higher than normal. Understanding the
difference between the two mechanisms allows the scientist to approach individual-
ized therapy, and it allows the clinician to understand the differences in these pa-
tients, such as the reason that type I diabetics are much more prone to diabetic
ketoacidosis ( because of insulin deficiency).

How does the presence or absence of enzyme activity affect the biochemical
(molecular ) conditions, and how does that in turn affect patient symptoms?
Enzymes are proteins that act as catalysts, speeding the rate at which biochemi-

cal reactions proceed but not altering the direction or nature of the reactions. The
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presence or ahsence of these important substances affects the biochemical condi-
tions, which then influence the other physiological processes in the body. En-
zZyme deficiencies are often inherited as autosomal recessive conditions and may be
passed from parent to child. Clearly, when students begin to understand the role
of the enzyme and the chemical reaction that it governs, they begin to understand

the intricacies of the human biological processes.

BIOCHEMISTRY PEARLS

There are six key questions to stimulate the application of basic science infor-
mation to the clinical arena.

Medicine consists of both art and science.

The scientific aspect of medicine seeks to gather data in an objective manner,
understand physiological and pathologic processes in light of scientific infor-
mation, and propose rational explanations.

The skilled clinician must be able to translate back and forth between the basic

sciences and the clinical sciences.

REFERENCE
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% CASE 1

A 15-year-old African-American female presents to the emergency room with complaints
of bilateral thigh and hip pain. The pain has been present for one day and is steadily in-
creasing in severity. Acetaminophen and ibuprofen™ have not relieved her symptoms.
She denies any recent trauma or excessive exercise. She does report feeling fatigued and
has been having burning with urination along with urinating frequently. She reports hav-
ing similar pain episodes in the past, sometimes requiring hospiialization. On examina-
tion, she is afebrile( without fever)and in no acute distress. No one in her family has
similar episodes. Her conjunctiva and mucosal membranes are slightly pale in colora-
tion. She has nonspecific bilateral anterior thigh pain with no abnormalities apprecia-
ted. The remainder of her examination is completely normal. Her white blood cell
count™ is elevated at 17, 000/ mn}3 , and her hemoglobin ( Hb) ®level is decreased at

7.1g/dL. The urinalysis demonstrated an abnormal number of numerous bacteria.

What is the most likely diagnosis?

What is the molecular genetics behind this disorder?

What is the pathophysiologic mechanism of her symptoms?



