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Preface to the Eighth Edition

The first edition of this book was published over 25 years ago. During this period of evolution, the growth
and development of the book has been an on-going process depending, as it does, on the feedback received
from many teachers and students. They have been generous in their appreciation as well as in their criticism.
I have tried to incorporate many of their suggestions in the present edition. I owe them my thanks and hope
that I will continue to receive such help in the future as well.

The material included in this book conforms to the syllabi and courses laid down by the Medical and Dental
Councils of India from time-to-time, courses that are mandatory and are followed by all colleges.

The 8th Edition has been extensively revised and updated by incorporating the latest concepts and
developments in the subject. Figures and text that were not found to be helpful have been deleted/replaced
and over twenty-five new Figures/Diagrams have been added.

Questions/Answers, at the end of most Experiments, have been particularly appreciated by junior teachers
and students. They are not intended to replace the standard textbooks but only to obviate the necessity for
the students to refer to textbooks again and again. They also act as bridges between theory and practical.

A new feature of the book is the introduction of OSPEs at the end of most Experiments—a tool that is being
used widely for assessing the practical skills of the students during class tests and university examinations.

Most medical students are overawed and overwhelmed by the enormous amount of medical information
available today. Besides, there is the language barrier. Every attempt has, therefore, been made to make the
book easily-readable and understandable by our students who come from a wide spectrum of educational
backgrounds.

It is a pleasure to acknowledge the valuable suggestions received from many sources. I am particularly
indebted to Dr DK Soni, Dr AK Anand, Dr RS Sharma, Dr Ashok Kumar, Dr Parveen Gupta, Dr R Vijayalakshmy,
Dr Mrs S Vasugi, Dr P Rajan, Dr Aruna Patel, Dr BS Malipatil, Dr Shailendra Chandar, Dr R Latha, Dr K Sarayu,
among others.

I am thankful to Shri Jitendar P Vij (Chairman and Managing Director), M/s Jaypee Brothers Medical
Publishers (P) Ltd, New Delhi, India and his dedicated team for their enthusiasm in doing an excellent job.

CL Ghai






Preface to the First Edition

The material included within the covers of this book conforms to the syllabi and courses of practical physiology
laid down by the Medical Council of India, and followed by all the medical colleges. The book is divided
into three main sections—amphibian, mammalian and human experiments. There is a separate section on
electronic recorders and stimulators. If our students are not to be left behind the rapidly advancing field of
medical electronics, they have to be introduced at the earliest to the use of some of these modern devices. The
book also supplements the cyclostyled material provided by some physiology departments to their students.

In essence, each experiment begins with the PRINCIPLE on which it is based, and the APPARATUS required
for it. Then follow the step-by-step PROCEDURES in which the working instructions are so framed that an
average student will find no difficulty in tackling any experiment. Next come the OBSERVATIONS, RESULTS and
CONCLUSION. The relevant theoretical aspects of each experiment that are needed for immediate reference,
including deviations from the normal, are then described under the heading of DISCUSSION. This is intended
to obviate the necessity for the student to refer to the textbooks again and again. Finally, the QUESTIONS
generally asked from the students are grouped at the end of the each Experiment. A student should be able
to assess his/her comprehension of the relevant material in trying to answer these questions. The APPENDIX
contains the units and measures employed in physiology, and the equivalents of metric, United States, and
English (Imperial) measures. This is followed by some important reference values of clinical importance.
These will certainly prove useful to the hurried and harried medical student for quick reference.

There is continuing controversy and divergence of opinion regarding the necessity of including amphibian
experiments in the medical curriculum. Often, these experiments may appear to be time wasting and
irrelevant to clinical medicine. However, they have to be included in a book meant primarily for the Indian
medical student till such time the courses are revised by the MCI. In any case, they do serve a very useful
purpose. They train the students to work with their hands in devising and setting up an experiment, making
careful observations, critically analyzing the results and then drawing appropriate conclusions. These are the
qualities that the students will depend on later in their clinical work. In fact, the ability to solve problems is
the ultimate skill of the physician, and this ability will be honed if the above-mentioned qualities are suitably
developed. A compromise can, however, be arrived at; the number of amphibian experiments to be done by
the students themselves may be reduced while the rest are demonstrated to them in small groups by their
tutors.

The chief aim of the book is to help the students in coping with the problems arising from the handling of
various apparatuses during the practical work. If a student has a hazy notion of the purpose of an experiment
and the correct technique of carrying it out, he/she will easily be disheartened and frustrated. We hope to
help with a clear idea of what he/she is expected to do and a more definite plan of doing it.

It is a pleasure to acknowledge the valuable suggestions received from many friends and colleagues,
especially Dr (Mrs) P Khetarpal, Dr (Mrs) Usha Nagpal, Dr Kanta Kumari, Dr RS Sidhu, Dr RS Sharma,
Dr Ashok Kumar, Dr Parveen Gupta, Dr OP Mahajan, Dr S Mookerjee, Dr (Mrs) BK Maini, Dr SK Manchanda,
Dr OP Tandon, Dr GM Shah, and Dr M Sayeed.

I must express my gratitude to my wife, Mrs Prem Ghai, for her understanding and unstinted support
during the long months of collecting the material and the writing of the book.
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I fail to find adequate words to thank my students who prompted and encouraged me in the first instance
to write this book. We physiologists recognize the importance of the feedback systems of the body, and so too,
is feedback essential for the development of a book. Criticism and suggestions from teachers and students
for the further improvement of the book will be thankfully received and acknowledged.

I am indebted to Shri Jitendar P Vij (Chairman and Managing Director), M/s Jaypee Brothers Medical
Publishers (P) Ltd, New Delhi, India, and his dedicated team for their continued cooperation, enthusiasm
and their excellent work in bringing out this book.

May this book act as an effective stimulus for the students to gain first-hand knowledge of experimental
physiology, and ease their journey through a complex but fascinating science. As they gather experience, the
path will become easier. The discipline of work will then become the most exciting and rewarding experience
in their lives.

As they say, "When the going gets tough, the tough get going”.

CL Ghai
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General Introduction

The term “physiology” is derived from a Greek root with
a Latin equivalent “physiologia”, originally meaning
“natural knowledge” (Physic- = nature; -logy =
study of). Though first used by Jean Fernel, a French
physician, in 1542, the word “physiology” did not come
into common use till the 19th century. The subject of
“physiology” now refers to the origin, development
and progression of living organisms—from bacterias to
vertebrates to trees. Thus, there are many branches of
physiology. However, we are primarily concerned with
“Human Physiology”, i.e. the functional characteristics
of the human body.

It is said that medicine is as old as man, and the
growth of our knowledge of physiology is closely linked
to the growth of medicine— the mother of all branches
of natural science. Chemistry, physics, botany,
zoology, pathology, pharmacology, microbiology and
their branches have all evolved from the study of the
art of healing. And they have, in turn, contributed
tremendously to the advancement of medical science.
Man is always in search of new and better means of
maintenance of health and cure of diseases. This has
resulted in new lines of thought and newer methods
of investigations from time to time, thus creating new
sciences.

It is interesting to note that many of the
outstanding physiologists have been well known
physicians. We are now aware of the tremendous
body of physiological knowledge that has its origin in
the study of disease. In turn, the exciting progress in
physiology during the last two centuries has greatly
enriched our knowledge of disease and put medicine
on a scientific footing. The student must, therefore,
never lose sight of the fact that the knowledge he/she
gains from physiology will form the solid basis of all
branches of medicine that he/she will be studying
later— pharmacology, pathology, internal medicine,
surgery, gynecology, etc.

Over a century ago, William Osler, the famous
physician said, “The study of physiology (and
pathology) within the past half century has done
more to emancipate medicine from the routine and
thralldom of authority than all the work of all the
physicians from the days of Hippocrates to Jenner,
and we are as yet on the threshold.”

THE INTERNAL ENVIRONMENT OF
THE BODY

Life is believed to have originated in warm seas,
which, therefore, formed the external environment
of the early forms of life. While these unicellular
and few-celled organisms could exchange oxygen
and other nutrients, as well as their waste products,
directly with the external (or general) environment
(i.e. sea water), this process could not operate in
multicellular organisms in which most of the cells were
located deep within the body. But if these cells could
not reach the sea, the sea would have to be brought
to them within the body. Each cell in the depths of
the body would then be bathed by a fluid with which
it could enter into exchanges. This is exactly what is
believed to have happened. As evolution proceeded,
the external environment was ‘internalized' and the
sea became the tissue fluid (interstitial fluid), which,
along with blood plasma, constitutes extracellular
fluid (ECF). The evolution of ECF from the sea water
is evident from its composition— it has more sodium,
chloride, and bicarbonate as compared to intracellular
fluid (ICF; the fluid within the cells), which has more
potassium, magnesium, and proteins. The plasma
membranes (cell membranes) of the cells, because
of their selective permeability, keep the two chemical
worlds separated from each other.

The adult human body consists of nearly 100
trillion cells (25 trillion of which are red cells), most



of which live in an “internal sea” of ECF, as described
above. Since these cells live within 20-30 um of blood
capillaries, materials can easily pass from the blood
into the tissue fluid and thence into the cells, as well
as in the opposite direction.

Claude Bernard, a French physician and a great
experimental physiologist, employed the term
“milieu interior” (internal environment), in the mid
19th century, for the very thin layer of tissue fluid
that lies immediately outside each cell. Though
the tissue fluid lies outside the cells, it is called the
“internal environment” of the body because it has no
direct communication with the external or general
environment that surrounds the body of an organism.

HOMEOSTASIS—THE BASIC THEME OR
PHILOSOPHY OF THE BODY

A necessary condition for the survival of each
living cell (and the body as a whole) is that the
physical and chemical composition of its immediate
surrounding (i.e. interstitial fluid) must not change
beyond a certain narrow range, although the external
or general environment may show wide changes. For
example, the temperature of external environment
may vary between -60°C and +60°C, the temperature
of the tissue fluid will not change by more than a few
degrees.

Though the huge varieties of body cells are
organized in tissues, organs and organ systems,
they do not function in isolation. Rather they act
in such a way that the body as a whole reacts as a
unit to any change in the environment. Thus, all the
specialized systems of the body—blood, circulatory,
respiratory, digestive, locomotor, etc.—have one and
only one aim in common, i.e. maintenance of a nearly
constant condition of equilibrium or balance in the
internal environment of the body. Walter Canon, in
1897, introduced the term “homeostasis” (homeo-
= sameness; -stasis = standing still) to refer to the
dynamic state of relative stability of the tissue fluid—
in terms of its temperature, chemical composition, gas
pressures, etc.—the so-called “controlled conditions”.

The nervous system and the endocrine
(hormonal) system are the two major communication
and control systems that coordinate the activities of all
the other systems of the body. The nervous system is
a “quick-reaction” system that is concerned with the
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immediate “short-term” maintenance of homeostasis.
The endocrine system, on the other hand, maintains
“long-term” homeostasis. In both cases, homeostasis
is achieved through a “non-stop” interplay of feedback
mechanisms (feedback loops)—some of which
function at the macro level (e.g. regulation of body
temperature, blood pressure, gas pressures, blood
glucose, etc.), while others operate at the micro level,
i.e. within the cells. In fact, most of physiology deals
with homeostatic mechanisms.

Many factors, within and outside the body, tend
to disturb the body’s state of equilibrium. If the
disturbance is mild, the feedback systems help to
quickly restore homeostasis required for health and
life. However, if the imbalance is moderate, a disorder
or disease may result. If, on the other hand, the
imbalance is severe or prolonged, death may occur.

EXPERIMENTATION AND OBSERVATION
Experimentation

Science is the study of the world around us; rather
it is an organized language for describing the world.
Experimentation forms the core concept, and a time-
honored procedure, in the process of learning about
any science.

1. An experiment consists in making an event occur
under certain known conditions, care being taken
to exclude as many extraneous factors as possible.
Only then observations can be made and proper
conclusions drawn.

2. Itis very important for the student to understand
the workings of various instruments and appara-
tuses that she/he will be using. There is a definite
protocol or procedure for conducting every experi-
ment. Careful attention given to apparently minor
and seemingly unimportant, yet troublesome,
points and the precautions to be taken, usually
determine the outcome of an experiment. It is
an important axiom of science that “mistakes in
technique can lead to misleading results”.

3. The fundamental idea in experimentation is that
“you learn by doing”. It is an opportunity
provided to the student to gain first-hand
knowledge about various aspects of the functioning
of one’s own body.



General Introduction

4. Laboratory work in Physiology is meant to inculcate
in the students the habit of carrying out certain
procedures in an orderly manner, make careful
observations, and draw appropriate conclusion.
This will help them in developing scientific skills
that will aid them when they approach a problem
in clinical setting.

5. Practical work and theory always complement
each other. Therefore, the student must read
up as much as possible about the practical and
theoretical aspects of an experiment beforehand.
Francis Bacon, a great philosopher of science, said,
“Read not to contradict, nor to believe and take
for granted... but to weigh and consider”. So, read
critically and reflectively, with an open mind.

Observation

1. Relations between phenomena can only be
revealed if proper observations have been made.
Observations should not be passive. Active and
effective observations involve noticing something
and giving it significance by correlating it with
something else noticed or already known.

2. The student must keep an open mind, forget for
the time being, his/her preconceived notions and
be on the lookout for the unusual. “Look out for
the unexpected” is a good maxim for the medical
student.

New knowledge very often has its origin in some
quite unexpected observation or chance occurrence
arising during an experiment.

Alfred North Whitehead, the famous philosopher
says, “First-hand knowledge is the ultimate basis
of intellectual life. The peculiar merit of scientific
education is that it bases thought upon first-hand
observation; and the corresponding merit of a
technical education is that it follows our deep natural
instinct to transfer thought into manual skill, and
manual activity into thought. The thought which
science evokes is logical thought.”

REPORTING THE RESULTS

1. Students have a common tendency to report their
observations and results similar to those described
in the books. One should always remember that

the result of an experiment is, strictly speaking,
valid only for the precise conditions under which
the experiment was conducted.

2. It is well-known that the accuracy with which an
experiment is conducted varies from person to
person. Therefore, if your results are at variance
with those expected, some unrecognized factor
or factors might be operating. Such occurrences
must always be welcomed, because the search
for the unknown factor may lead to an interesting
discovery. It is when experiments go wrong that
we find things out.

INSTRUCTIONS TO THE STUDENTS

1. Check the laboratory schedule a day earlier and
read up the relevant material in the practical
physiology book. This will help you to plan and
organize each experiment.

2. Pay due attention to the practical demonstration
given by your teacher before each experiment.

3. Always bring your practical physiology book as well
as your practical work-book (file) to the laboratory.

4. Check out the apparatus being issued to you by
the laboratory technician at the distribution table,
and see that it is in proper working condition. This
will avoid frustration and wastage of time once you
start your work. You will be required to sign for
the apparatus and return it after completing your
work. If there is any breakage or damage to the
apparatus, it must be reported to the teacher-in-
charge.

5. As you may be working in groups of two, you
should not expect nor depend entirely on the
efforts of your work-partner to do most of the
work. Each student is expected to be able to
independently carry out each experiment.

6. As you and your partner will be acting as the
‘subject’ in human experiments and clinical
examination, try to be gentle and considerate. You
will need these qualities later when you handle
patients.

Important

As you start each practical, be certain to go through
the “Student objectives” at the start of each



experiment. This will help you to focus on what is
important and what is expected from you.

LABORATORY DISCIPLINE

1. Wear a clean overall, as it constitutes an essential
part of laboratory discipline.

2. The working area on the worktable must be kept
clean and the equipment placed in proper and
convenient locations. Avoid clutter.

3. Do not throw any used cotton/gauze, pieces of
paper, etc. into the sink.

4. Do notindulge in idle gossip. However, discussions
with your work-partner and other students will be
of tremendous help.

5. Guidance from your teacher is always available
and should be actively sought and welcomed.

6. Equipment. The department will provide most of
the equipment needed by you. However, you must
bring your own colored pencils (blue, heliotrope,
black lead, etc.) ruler, rubber, clean piece of cloth,
etc. You will be told about other instruments (e.g.
stethoscope, percussion hammer, etc.) required
for “"Human Experiments”, “Clinical Examination,”
and “"Amphibian Experiments”.

WRITING RECORDS

1. The practical notebook should be of good
quality paper, blank (unruled) on the left side
for diagrams, and ruled on the right side for
description of the practical work.

2. Every student must keep a record of the demon-
strations attended and experiments conducted.
Get every experiment signed from your teacher
regularly. Make an index of your work in your
notebook, and get each entry initialed by your
teacher.

3. Remember that Relevance, the Principle on
which the experiment is based, Observations and
Results, Conclusions and the Precautions taken
constitute an important part of your training in
basic scientific work. Enter all this material in your
notebook.

4, Observations and results should be properly
entered, and diagrams, graphs and tables
prepared as and when needed.
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5. Variations under normal and abnormal conditions
form an important part of a medical experiment.
These should also be recorded.

SUGGESTIONS FOR TUTORS/JUNIOR
TEACHERS

1. Teachers are managers of the learning process
of the students. Every student needs help and
guidance in her/his learning process and teachers
are meant to fulfill this need.

2. Teachers have great responsibility of inculcating
discipline and work culture in their students.

3. They must ensure that the students do not indulge
in idle gossip. However, they should be easily
accessible to the students in need of guidance.

4. Students are generally afraid to seek help and ask
questions out of fear of the teacher, or out of a
fear of exposing their ignorance of the subject and
cutting a sorry figure in front of other students.
They need to be assured that it is all right to
ask questions (and even make mistakes in the
process). In these days of knowledge explosion,
nobody can even hope to know everything even
about a limited part of knowledge available.

5. Junior teachers should acquaint themselves
thoroughly with the subject so that they can help
students effectively.

STUDENT OBJECTIVES

Any organized study for the acquisition of knowledge
involves clear-cut ideas about the objectives or the
purpose of the study. Each practical (experiment),
therefore, starts with certain objectives that a student is
expected to know and achieve in knowledge and skills.

The Student Objectives form the basis of what
the student is expected to do in each practical and
know its practical applications. The student must go
through these before starting the practical as well
as afterwards. She/he can then assess if she/he has
achieved the desired objectives and skills.

Assessment of Students’ Practical Skills

The assessment of students in ‘practicals’ during the
class tests and final examination has been largely a
subjective process. Usually, the student has finished



General Introduction

his/her practical task by the time the examiner comes
to assess his/her work. Questions are asked and what
is usually assessed is his/her knowledge rather than
his/her practical skills. (In some practicals, he/she is
asked to perform a part of his/her practical, such as,
focusing a leukocyte under the microscope, eliciting a
reflex, recording the blood pressure, etc.) Depending
on the experience of the examiner, marks/grades are
awarded. This method has stood the test of time and
proved quite satisfactory.

However, the trend has changed during the last
few years in many medical colleges.

In addition to long and short experiments, spotting,
charts, and grand viva, etc. the student is asked
to carry out part of a practical according to clearly
defined aim within a given period of time (usually 4-5
minutes)—a tool called OSPE (Objective Structured
Practical Examination), and OSCE (Objective
Structured Clinical Examination).

METHODOLOGY OF OSPE

Conducting OSPE requires much organization and
planning. It involves setting important and relevant

questions and preparing accurate and clear-cut
checklists. The student moves around a number of
work-stations (usually 4 to 6), performs the given
task at each in 4-5 minutes and moves to the next in
response to a signal (bell). While the student performs
the given task, the examiner, with the checklist in
hand, stands beside his/her and watches every step,
grading his/her accordingly. The examiner does not
ask any questions, nor answers any queries by the
student.

The chief advantage of OSPE is that it is purely an
objective tool; there is no examiner’s bias, nor any
other extraneous factor operating.

The setting up of work-stations requires that

all the equipment needed at a station is provided
beforehand. The checklists also must be ready for
the examiners.
Note. The OSPEs given in this book are mostly to
act as guides. These can be altered, changed or
modified according to local requirements. It is
important that the students be exposed to OSPE tests
during routine class tests to acquaint them with the
methodology.



Section

Hematology (Greek Haema = Blood; logy = Study
of). Hematology is the branch of medical science that
deals with the study of blood. Blood, along with the
cardiovascular system constitutes the Circulatory
system and performs the following functions:

1. Transport. Blood provides a pickup and delivery
system for the transport of gases, nutrients,
hormones, waste products, etc. over a route of
some 1,12,000 km of blood vessels, with 60—-70
trillion customers (cells).

2. Regulation. It regulates the body temperature
by transporting heat from the tissues (mainly liver
and muscles) to the skin from where it can be lost.
Its buffers regulate pH of the body fluids, while its
osmotic pressure regulates water content of cells
through the actions of its dissolved proteins and
ions.

3. Protection. The blood protects the body against
diseases caused by harmful organisms by
transporting leukocytes and antibodies against
more than a million foreign invaders.

It also protects the body against loss of blood after
injury by the process of blood clotting.

Physical features. The blood is denser and more
viscous than water, slightly alkaline, sticky to touch,
and salty in taste. It clots on standing, leaving behind
serum. The normal total circulating blood volume
amounts to 8% of the body weight, i.e. 56 liters in
an average adult male weighing 70kg, and 4-5 liters
in a female. The interplay of various hormones that
control salt and water excretion in the urine keep the
blood volume remarkably constant.

Composition. Blood consists of 55% of watery liquid
plasma that contains various proteins and other solutes
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dissolved in it. The rest 45% is the formed elements—
mainly the red blood cells (RBCs) but also white blood
cells (WBCs), and platelets (cell fragments). The RBCs
are the most numerous (4.5-5.5 million/mm?) and are
medium sized (7—8 pm). Next in number are platelets
(2.5-4.5 lacs/mm?) and are the smallest (2—4 um) in
size. The WBCs number 4000—-11000/mm? and vary
in size from 8 to 20 um. The percentage of whole
blood that is red cells is called hematocrit, its value
being 45.

Hematological tests. The experiments described in this
section are carried out as routine hematological tests in
hospitals and clinical laboratories for aiding in the diagnosis
and prognosis of disease. Some tests (e.g. hemoglobin,
cell counts, etc.) are simple enough, while others require
some degree of practice and understanding.

Note

The use of microscope, diluting pipettes counting cham-
ber, collection of blood samples are described in details in
the first few experiments. This will avoid repetition later
on. The student can refer to them later on as required.

Electronic hematology analyzers. Automatic
electronic analyzers under various trade names are
now available (e.g. Nihon Kohdon, model MEK-6318
K). Though costly, they are easy to operate and highly
accurate.

The measured parameters include: TLC, WBC
population percentages. Hemoglobin concentration,
HcT, absolute corpuscular values (MCV, MCH,
MCHC, etc.), platelet count and volume, etc. The
detection methods include: electrical resistance
detection, spectrophotometry, histogram calculations,
etc.



The volumes of blood samples required are small
and may be venous or capillary. Once the sample
is aspirated through the sampling nozzle, all other
operations, such as dilution or adding hemolyzing
agent, are carried out automatically. There is an LCD
screen that displays calibration and error messages,
numerical data and histograms for individual samples.
Printouts can be obtained and data stored for recall.
There is a provision for automatic cleaning and waste
fluid treatment.

1-1

“Come here! Hurry! There are little animals in this
rain water. They swim! They play around! They are
a thousand times smaller than any creature we can
see with our eyes alone. Look! See what | have
discovered”

Antony Leeuwenhoek (1632-1723), a dutch store
keeper and an amateur microscopist, to his daughter,
Maria, on seeing microbes for the first time, in rain
water, in about 1685.

STUDENT OBJECTIVES

After completing this experiment, you should be able
to:

1. Name the different parts of the microscope and
explain the functions of each.

2. Explain the physical basis of microscopy and define
the terms magnification, resolution, and numerical
aperture.

3. Describe the mechanism of image formation and the
type of image seen.

4. Explain how to get different magnifications.

5. Describe the procedure (protocol) that must be
followed every time you use a microscope.

6. Explain why cedar wood oil is used with oil immersion
lens.

7. Name the precautions that must be observed during
and after using the microscope.

8. Solve the common problems that may arise during
microscopy.

9. Explain the basic working of other types of microscopes.
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Caution

The patient’s blood, as that of a volunteer, must be re-
garded as a possible source of communicable infections,
particularly immunodeficiency virus (HIV), hepatitis B,
and recurrent venereal disease. Always handle blood
specimens as potential hazards capable of transmitting
infection.

Do not touch blood other than your own.

Every student should bring his/her own disposable blood
lancet for finger pricks.

The Compound Microscope

Introduction

It was known at the time of Galileo (1584-1642)
that when one looked through a system of suitably
arranged lenses; one could not only magnify distant
objects but also nearby objects that were invisible to
the naked eye. However, even after the invention of
the microscope and telescope in 1609, it was over half
a century later that Malpighii discovered capillaries
in the frog’s lung in 1661, and independently by
Leeuwenhoek in 1676 in the tail of a fish (thus
completing the circuit of blood circulation discovered
by William Harvey in 1628).

Perhaps one of the greatest microscopists of his
time was Antony van Leeuwenhoek, a town clerk and
owner of a dry goods store in the city of Delft. He
constructed hundreds of microscopes (grinding his
own lenses and melting the metals he needed) and
confirmed and extended the studies of others. He
examined everything he could get his hands on—from
insect wings to semen, blood, rainwater to the food
stuck between his teeth. In fact, he put microscopy
on a solid footing.

The compound microscope is called so because,
in contrast to a single magnifying convex lens, it has
two such lenses—the objective and the eyepiece. It
magnifies the image of an object that is not visible
to the naked eye to an extent where it can be seen
clearly.
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The microscope is one of the most commonly used
instruments in the medical and life sciences colleges,
and in clinical laboratories. Students of physiology
use it in the study of morphology of blood cells and in
counting their numbers. They will use it in histology,
histopathology and microbiology and later in various
clinical disciplines.

Before using a microscope, the students must
familiarize themselves with its different parts and how
to use it and take its care. It will be discussed under
the following heads:

1. Parts of the Microscope
A. The support system
B. The focusing system
C. The optical (magnifying) system
D. The illumination system.
i. Source of light
ii. Mirror
iii. Condenser.
2. Physical Basis of Microscopy
Visual acuity
Resolving power
Magnification
Numerical aperture
Image formation
Working distance
Calculation of total magnification.
3. Protocol (Procedure) for the Use of Micro-
scope
A. Focusing under low power (100 x)
B. Focusing under high power (450 x)
C. Focusing under oil immersion (1000 x)
D. “Racking” the microscope.
4. Common difficulties faced by students
5. Precautions and routine care
6. Other types of microscopes
7. Questions/Answers.
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1. PARTS OF THE MICROSCOPE
A. The Support System

The support system functions as a framework to which
various functional units are attached:
i. Base. Itis aheavy metallic, U- or horseshoe-shaped
base or foot, which supports the microscope on
the worktable to provide maximum stability.

Figure 1-1: Compound microscope: (1) Base, (2) Pillars, (3)
Handle, (4) Body tube, (5) Coarse adjustment screw, (6) Fine
adjustment screw, (7) Fixed stage, (8) Mechanical stage, (9)
Fixed and revolving nose pieces, (10) Objective lenses, (11)
Mirror, (12) Condenser, and (13) Eye-piece

ii. Pillars. Two upright pillars project up from the
base (Figure 1-1) and are attached to the
C-shaped handle. The hinge joint allows the
microscope to be tilted at a suitable angle for
comfortable viewing.

Note

The microscope is never tilted when counting cells in
a chamber or when examining a blood film under oil
immersion. It can be tilted for viewing histology slides.

ili. Handle (the arm or limb). The curved handle,
which projects up from the hinge joint supports
the focusing and magnifying systems.

iv. Body Tube. Fitted at the upper end of the handle,
either vertically or at an angle, the body tube
is the part through which light passes to the
eyepiece, thus conducting the image to the eye
of the observer. Itis 16—17 cm in length, and can
be raised or lowered by the focusing system.

v. The Stage. It has two components: the fixed
stage and the mechanical stage.



a. Fixed stage. It is a square platform with
an aperture in its center, and fitted to the
limb below the objective lenses. The slide is
placed on it and centered over the aperture
for viewing. The converging cone of light
emerging from the condenser passes through
the slide and the objective into the body tube.

b. Mechanical stage. It is a calibrated metal
frame fitted on the right edge of the fixed
stage. There is a spring-mounted clip to hold
the slide or counting chamber in position while
two screw-heads move it from side to side and
forwards and backwards. The vernier scale on
the frame indicates the degree of movement.
In some microscopes the screw-heads are
mounted on a common spindle under the
fixed stage.

Note

In some sophisticated and binocular microscopes, the
entire stage, fixed and mechanical, can be raised or
lowered (the aim in all microscopes is to bring the material
under study and an objective lens at the proper working
distance).

B. The Focusing System

The focusing system consists of coarse and fine
adjustment screw-heads. It is employed for raising
or lowering the optical system with reference to the
slide under study till it comes into focus. Thus, the
adjustments place an objective lens at its optimal
working distance, i.e. its focal length.

There are two coarse and two fine adjustment
screws working on a double-sided micrometer
mechanism, one pair (one coarse and one fine) on
either side. If one coarse (or fine) adjustment is
turned, its partner on the other side also rotates at the
same time. It is, therefore, not sensible to use both
hands on the coarse or the fine screws simultaneously.

The coarse adjustment moves the optical system
up or down rapidly through a large distance via a rack
and pinion arrangement. The fine adjustment works
in the same way but several rotations of the screw-
head are required to move the tube through a small
distance; e.g. one rotation moves the tube by 0.1
mm or less. The fine adjustment is usually graduated
in 1/50ths, where each division corresponds to a
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movement of 0.002 mm of the tube. It is employed
for accurate focusing.

Important

The left hand is used both, for coarse and for fine focus-
ing, while the right hand is used for the mechanical stage
to move the slide in various directions. The student is
advised to get into the habit of using the hands simulta-
neously for different purposes.

C. The Optical (Magnifying) System

The optical system consists of the body tube,
the eyepiece, and the nosepiece that carries the
objectives. It can be raised or lowered as desired.

i. The body tube. The distance between the upper
ends of the objectives and the eyepiece is called
the tube length, which is 16—17 cm. The distance
between the upper focal point of the eyepiece
and the lower focal point of the objective is called
the optical tube length, which is about 25 cm
(A % 10 lens will produce an image 10 times the
diameter of the object as it naturally appears
when held at 25 cm from the eye).

ii. The eyepiece. The eyepiece fits into the top of
the body tube. Most microscopes are provided
with 5 %, 8 %, and 10 x eyepieces, though 6 x
and 15 x are also available. Each eyepiece has
two lenses—one mounted at the top, the ‘eye
lens’, and the other, the ‘field lens’ is fitted at
the bottom. The field lens collects the divergent
rays of the primary image (see below) and passes
these to the eye-lens, which further magnifies
the image.

Note

The height of the eyepiece, when taken out of the body
tube, is also variable. The 5 x eyepiece is tallest, while 10
X is shortest. A ‘pointer’ eyepiece has a small pin mounted
in it which is used to point out a particular cell or object in
a field. A*demonstration’ eyepiece, in which a teacher and
a student can look through separate eyepieces mounted
on a horizontal barrel, is a useful device (A short piece
of hair gummed on the inside next to the eye-lens can
serve as a pointer).

ili. The nosepiece. It is fitted at the lower end
of the body tube and has two parts: the fixed
nosepiece, and the revolving nosepiece. The
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latter carries interchangeable objective lenses.
Any lens can be rotated into position when
desired, its correct position being indicated by a
‘click’.

iv. Objective lenses (also called objectives, or;
simply ‘lenses’).
Three spring-loaded objectives of varying
magnifying powers are usually provided with the
student microscope. In some cases, there is a
place provided for a ‘scanning’ lens as well. Each
objective has a cover glass which forms its outer
covering and protects it. Though each lens can
be unscrewed for cleaning, the students are not
supposed to remove them.

The magnifying power of each lens and its

numerical aperture (NA) rather than its focal
length, are etched on each.

Note

Sign of multiplication. The magnifying power of each
objective, as that of the eyepiece, is etched on it. The
sign ‘<’ is not the capital letter (upper-case letter) X but
the sign of multiplication.

The objective lenses are

a. Low-power (LP) Objective (10 x; NA = 0.25;
focal length = 16 mm).
The LP objective in common use magnifies 10
times. It is used for initial focusing and viewing a
large area of the specimen slide. The numerical
aperture (NA) of this lens is always less than that
of the condenser in most microscopes. In order
to achieve focus, therefore, the NA has got to be
closely matched by reducing the light reaching
the specimen under study. This is achieved by
lowering the condenser and partially closing the
iris diaphragm. (See below).

b. High-power (HP) Objective (45 x<; NA = 0.65;
focal length = 4 mm).
This lens magnifies the image 45 times. Because
of its higher magnification, it is used for more
detailed study of the material before switching to
oil immersion lens. The NA of HP lens is almost
equal to, or slightly less than that of commonly
used condenser. Therefore the latter has to be
slightly raised and the iris diaphragm opened to
get more light and maximum clarity in focusing.

c. Oil-immersion (OI) Objective (100 x; NA =
1.30; focal length = 2mm).
The OI lens magnifies the image 100 times. Since
the lens almost touches the slide it has to be
immersed in a special medium (most commonly
cedar wood oil), a drop of which is first placed on
the slide. The oil is used to increase the NA and
thus the resolving power of the objective. Since
the NA of Ol objective is always greater than that
of the condenser, the latter has to be raised to its
highest position and iris diaphragm fully opened.
As this lens gives (with an eyepiece of 10 x) a
total magnification of 1000 times, it is employed
for detailed study of the morphology of blood cells
and tissues.
d. Scanning Objective (3 x; NA = 0.10; focal
length = 40 mm).
This objective, a very low power lens, magnifies
the image 3 times. It is used for scanning (or
viewing) a much larger area on the slide.
Parfocal system. The objectives these days are so
constructed that when one lens (LP, for example) is
in focus, the others are more or less in focus. Thus
switching from one lens to another (e.g. from LP to
HP) requires only a little turn of fine adjustment to
bring the image into sharp focus. This arrangement
of lenses is called “parfocal system.”

D. The lllumination System

No microscope can function optimally unless proper
illumination (lighting) is provided. All the light that will
reach the eye should come from the specimen under
study. Light from any other part of the slide will tend
to obscure the details. Such extra (extraneous) light is
called glare. The illumination system must, therefore,
provide uniform, soft, and bright illumination of
the entire field of view. Two factors are involved in
providing such uniform illumination:

i. The construction and position of the condenser.

ii. The size of the iris diaphragm.

Types of Illlumination. The compound
microscopes work on six types of illumination: ‘Bright-
field’ or ‘light’ microscope. This is the usual
student microscope that uses white light, either
external or internal, as the source of illumination.



Seen under this light, the objects look darkish or
colored, contrasted against a lighted background. The
other types of illumination systems include: Dark-
field microscope, Phase-contrast microscope.

Fluorescent microscope, Polarizing microscope,

and Interference-contrast microscope. (See

below for their brief descriptions).

The illumination system of the bright-field
microscope consists of: a source of light, and a
mechanism to condense the light and direct it into
the specimen under study.

i. Source of light. The light source may be outside
the microscope or within the microscope.
External light source. It may be the diffuse,
natural daylight (sunlight) reflected and scattered
by the atmosphere and its dust particles and
reflected from the buildings. On bright, sunny
days, the north daylight, which is a distant light
source, is ideal for routine student work.

If daylight is not available, or is not sufficient,

an artificial source of light—a fluorescent tube,
or an electric lamp housed in a lamp box with a
frosted glass window, fitted on the worktable can
provide enough light.
Internal light source. In most microscopes,
there is a provision to remove the mirror and fit
an electric microscope lamp in its place. This unit
has frosted tungsten lamp to provide uniform
white light.

ii. The mirror. A double-sided mirror, in fact
two mirrors, one flat or plane and the other
concave, fitted back to back in a metal frame is
located below the condenser; it can be rotated
in all directions. The plane mirror is used with a
distant source of light (natural, or daylight). The
parallel rays of light are reflected parallel into
the condenser. The concave mirror, on the other
hand, is employed when the light source is near
the microscope. The divergent rays of light are
reflected as parallel rays and directed into the
condenser.

iii. The condenser (‘Substage’ or ‘substage
condenser’). The condenser is a system of
lenses fitted in a short cylinder that is mounted
below the stage. It can be raised or lowered by a
rack and pinion, and focuses the light rays into a
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solid cone of light onto the material under study.

It also helps in resolving the image.

a. The lens system. The commonly used
substage is Abbe-type condenser. It is
composed of two lenses which should
be corrected for spherical and chromatic
aberrations.

Since the condenser is a lens system, it
has a fixed NA, which should be equal or less
than that of the objective being used. Raising
or lowering the condenser can vary its NA.
And with the axes of the two being the same,
all the light passing through the condenser
is collected by the objective, thus allowing
maximum clarity.

Note

It is clear from the above that the position of the con-
denser must always be adjusted with each objective to get
best focus of light and resolving power of the microscope.

b. The iris diaphragm. It is fitted within the
condenser. A small lever on the side can adjust
the size of the aperture of the diaphragm,
thus allowing more or less light falling on the
material under study. Reducing the size of the
field of view (i.e. by narrowing the aperture)
decreases the NA of the condenser. Thus,
proper illumination includes a combination
of position of light source, regulation of light
intensity, position of condenser, and regulation
of the size of field of view.

c. Filter. A metal ring can accommodate a pale
blue or green filter since monochromatic light
is ideal for microscopy.

® Generally, when viewing clear prepara-
tions under low power, we need less light,
but more illumination is required when
studying stained preparations under oil-
immersion lens.

2. PHYSICAL BASIS OF MICROSCOPY

A. Visual Acuity

The term visual acuity (VA) refers to the ability of the
eye to resolve or recognize two very closely situated
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points of light or lines, which are not touching, as
separate from each other rather than one. If the
distance between the two points is less than a certain
value, the two points are not resolved but appear as
one. (See Expt 2-23 for details).

B. Resolving Power (Resolution)

The utility of a microscope depends not only on its
magnifying power but also on its power of resolution,
i.e. its ability to show closely located structures as
separate and distinct from each other. This translates
into the ability to improve the details of structures
within a cell.

Generally the resolving power of the unaided
human eye is said to be between 0.15 mm and
0.25 mm. The resolving power of a lens depends
on its NA as well as the wavelength of light. With
the light microscope and Ol lens of 100x, and NA
of 1.30, its resolving power is about 0.25 pm (2500
Angstroms) with white light, and about 0.19 pm with
monochromatic green light (shortest wavelength: 5.5
x 107° cm). The electron microscope, however, gives
very high magnifications and can separate dots that
are about 0.5 nm apart or even less.

The resolving power of a microscope is expressed
in terms of limit of resolution (LR), or the minimum
separable distance. If this distance is less than LR, the
two points appear as one. The formula for determining
LR is: LR = 0.61 x W/NA, where W = wavelength of
light being used, and NA = the numerical aperture of
the objective in use.

C. Magnification

In order to see clearly and distinctly the details and
contours of closely-located structures (say in a cell),
their image has to be magnified many times. How
this is achieved is explained below.

D. Numerical Aperture (NA)

A powerful lens is made of glass of high refractive
index, has a short focal length, and a small diameter.
The small diameter allows only the central cone
of light to pass through without getting too much
refracted, while the peripheral rays that would be
refracted more, are cut off.

The value “n sine alpha”—where ‘n’ is the refractive
index of glass, and ‘alpha’ the angle subtended by it
at the object is called the numerical aperture, as
shown in Figure 1-2. Thus, the NA of a lens, which
is an index of its power of resolution, is the ratio of
its diameter to its focal length. As the NA increases,
the resolving power of the lens increases.

The NA is also an index of light gathering power of
alens, i.e. the amount of light entering the objective.
The NA can be decreased by decreasing the amount of
light passing through the lens. Thus, as shown below,
the illumination has to increase as the objectives are
changed from LP to HP to Ol.

Figure 1-2: Diagram to explain the numerical aperture.
The angle alpha is shown

Figure 1-3: The ray diagram of a compound microscope. AB
= object; A' B' = real, inverted, magnified image; A” B” =
Virtual, inverted, magnified image. O = objective lens, E =
Eye-piece; Fo = Focus of objective; Fe = Focus of eye-piece



E. Image Formation in the
Compound Microscope

It is the objective that starts the process of
magnification. It forms a real, inverted, and enlarged
image (primary image: A’ — B’ (Figure 1-3) in the
upper part of the body tube. (A real image is that
which can be received on screen). The field lens of
the eyepiece collects the divergent rays of light of
the primary image and passes these through the eye
lens, which therefore the image seen by the eye is
virtual, inverted, and magnified, and appears to be
further magnifies the image. The light rays reaching
the observer’s eye are divergent and about 25 cm in
front of the eye. Figure 1-3 shows the ray diagram
of a compound microscope.

F. Working Distance

The working distance is the distance between the
objective and the slide under study. This distance
decreases with increasing magnification. It is 8-13
mm in LP, 1-3 mm in HP, and 0.5-1.5 mm in Ol lenses
respectively. Figure 1-4 shows the approximate
working distances for each lens. Note that the Ol lens
has to be immersed in a drop of oil.

G. Calculation of Total Magnification

Since the objective and eyepiece both magnify the
image, it is easy to calculate the total magnification
of any combination of objective lens and eyepiece. For
example, with an eyepiece of 10x, the magnifications
with the three objectives will be:-

Scanning objective (3 X or4 x) =3 o0r4 x 10 =
30 or 40 times.

Figure 1-4: Diagram to show the working distances of LP,
HP and Ol lenses
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Low power objective (10 x) =10 < 10 = 100 times.
High power objective (45 x) = 45 x = 450 times.
Oil immersion objective (100 x ) = 100 = 10

= 1000 times.

3. PROTOCOL (PROCEDURES) FOR
THE USE OF MICROSCOPE

Principle

A focused beam of light passes through the material
under study into the microscope. Parts of the
specimen that are optically dense and having a high
refractive index or are colored with a stain (dye),
cast a potential shadow which is magnified in 2 main
stages as it passes into the observer’s eye.

Procedures

The student must avoid the bad habit of using
objective lenses in a haphazard manner, starting
with any lens at random and then switching over
to another. A brief protocol (procedure) for using a
microscope is given below:

Important

The first rule in examining any slide/blood film/specimen
is always to examine it with the naked (unaided) eye. This
important step which is often ignored by the student, can
help in identifying some histology slides (e.g. a section of
spinal cord, cerebellum, etc.) and assessment of a blood
smear. This will also confirm whether a stained slide is
worth proceeding further.

® After this step, the slide is viewed under low
magnification to get a general view all over. One
can then choose an area of interest for viewing it
under higher magnifications.

A. Focusing Under Low Power (100 x)

a. Place the microscope on your work-table in an
upright position, and raise the body tube 7—8 cm
above the stage. Put the slide on the stage and,
using the mechanical stage, bring the specimen
over the central aperture.

b. Select and adjust the mirror (plane or concave)
so that the light shines on the specimen. Rack the
condenser well down (low position), and partly
close the diaphragm to cut down excess light.
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c. Looking from the side, and using the coarse
adjustment, bring the body tube down so that the
LP lens is about 1 cm above the slide. Now look
into the eyepiece and gently raise the tube till the
specimen comes into focus. But if it does not, i.e.
if you have missed the focusing position, repeat
the whole procedure. When the image comes
into focus, scan the entire field, racking the fine
adjustment all the time.

Caution

Do not bring the body tube down from any height while
looking into the microscope. You might miss the focusing
position and continue moving it down thereby breaking
the slide or permanently scratching the objective lens.

e In some microscopes the body tube can be pre-
locked in any position below which it will not go
unless it is unlocked first.

e If with low-power lens, you use plane mirror and
the condenser is ‘up’, you will see the image of the
window frame/wire gauze which will interfere with
microscopy. The image will disappear when the
condenser is moved down.

B. Focusing Under High Power (450 x)

a. For focusing under high magnification, simply
rotate the nosepiece so that the HP lens clicks into
position. Raise the condenser to mid-position and
open the diaphragm to admit enough light. Use
fine adjustment as required.

b. If the lens system is not parfocal, look from the
side and bring the lens down to about 1-2 mm
above the slide. Now look into the microscope
and raise the tube slowly and gently till the image
comes into focus.

C. Focusing Under Oil-immersion (1000 x)

This objective is the most frequently used in
hematology because of its high magnification and
resolution. (It can also be used for mounted histology
and pathology slides).

The two features of this objective are: its very small
aperture through which light enters it, and its deep
focusing position that is about 1 mm from the slide.

The reason why this lens is immersed in oil
and not the LP or HP lenses is the thin layer of air

between this objective and the glass slide when the
lens is in focus. (Without the oil the image can be
seen but it is very faint and blurred).

We know that when light passes from a denser
medium (glass of the slide) into a rarer medium (the
thin layer of air), they are refracted away from the
normal. As a result, when light rays emerge from
the slide, many of them are refracted away from the
aperture of the objective and very few enter it, and
a faint image results. Cedar wood oil, which has the
same refractive index as that of glass, i.e. 1.55 (air =
1.00; water = 1.33), removes this layer of air so that
the glass of the slide and the objective lens become
a continuous column (thus avoiding refraction) and
allow enough light to enter the objective. Other
mediums that can be used are glycerin and paraffin,
their refractive index being 1.35-1.40. However, cedar
wood oil, though costly, gives best results.

Raise the body tube so that the Ol lens is about
8—10 cm above the slide. Place a drop of cedar wood
oil on the slide, and looking from the side, slowly bring
the objective down till it just enters the oil drop. The
oil will spread out in the capillary space between the
slide and the lens (thus effectively removing the thin
layer of air).

While looking into the eyepiece, slowly and very
carefully raise the objective with coarse adjustment
(without taking it out of the oil) till the cells come into
view, (if no cells are seen, repeat the whole process).
Use the fine adjustment for fine tuning. When you
move the slide, the oil will move with it. It is therefore,
a bad habit to cover the entire slide with oil to begin
with.

Important
A proper illumination of the specimen slide is very
essential. However, the students often forget about
its importance. The broad rule about illumination is
as follows:

Iris
diaphragm

Objective Condenser

position

Low power (10x) Low Partly open
High power (45x) Midway Half open
Oil-immersion High Fully open




This rule is not rigidly fixed. Depending on the
source and strength of light, the condenser position
and diaphragm size have to be combined to get
optimal illumination.

“Racking the Microscope”

The cells and their constituents are 3-dimensional
structures and lie at different levels. Therefore,
it is important not to keep a fixed focus but to
continuously “rack” the microscope by using
fine adjustment after the specimen has been brought
under focus under any magnification. By turning the
fine adjustment screw this way and that, various
structures come into and go out of focus alternately.
A good microscopist will always have his/her left hand
on the fine adjustment (and the right hand on the
mechanical stage) and “rack” it continuously while
looking into the microscope.

Important

Whenever you are asked by your teacher to look into
the microscope to identify or describe something—the
very first thing you should do is to put your left hand on
the fine adjustment screw and rack it. You may change
the field if permitted by the teacher. Illumination may,
however, be adjusted as required.

Note

Although you will be using one eye with the monocular
microscope, do not close the other eye as this will cause
lot of strain on that eye. Practice keeping both the eyes
open and, with practice, you will be able to ignore the
unwanted image, and continue working for long hours.

4. COMMON DIFFICULTIES
ENCOUNTERED BY STUDENTS

The beginner is likely to face some difficulties when

starting to use the microscope for the first time,

but these can be minimized if the procedures are

strictly followed and proper precautions taken. Some
common problems are:

A. The material cannot be focused or the image

is very faint.

i. The slide may not be near the focus of the

objective, or there may be no visible material

under it (e.g. part of the blood film may be
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missing from this area). Check this out and
start with coarse adjustment once again.

. The slide bearing the material may have been

placed upside down on the stage, a common
mistake made by the students with a blood
film. The thickness of the glass slide does not
allow the Ol lens to reach down to its working
distance. Reversing the slide will solve the
problem.

If focusing is achieved with LP and HP lenses
but not with Ol lens despite all efforts, the
lens may have been damaged earlier. Seek
the help of your tutor.

There may be a dark shadow or smudge in the
field. If the shadow rotates when the eyepiece is
rotated, remove it and clean it. Or there may be
an air bubble in the cedar wood oil.

The field of view appears oval instead of
round. This problem arises when the objective
has not been properly “clicked” into position.

. The illumination of the image is poor. Check

the source of light, angle of the mirror, the position
of the condenser, and iris diaphragm.

The image does not come into focus even
when the objective is in the lowest position
and the fine adjustment cannot move down
any further.

This happens when the fine adjustment screw
reaches the end of its thread (turn) before the
image is brought to its focus. To overcome this
problem, turn the adjustment screw in the
opposite direction for several turns and then
use the coarse adjustment screw to regain the
focus once again. (It is therefore; best to keep
the fine adjustment screw near the middle of
its turning range).

i. The problem may also arise if the body tube

has been kept in the ‘locked’ position, and so
cannot be taken down to focus the slide.

PRECAUTIONS AND ROUTINE CARE

Select a stool or chair of suitable height so
that your eyes are at a level slightly above the
eyepiece. This will ensure comfortable working for
long periods.
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Ensure that all the lenses are clean and free from
dust and smudges. Do not touch them with your
fingers, nor blow on them to remove dust.
Check the position of the objective, condenser,
and diaphragm, to ensure optimal illumination.
Never lower any objective from any height while
looking into the microscope.

If the objectives are not parfocal, check the
working distance of each objective separately by
using fine focusing.

Once a specimen has been focused, continuously
“rack” the microscope.

Cleaning the microscope. Never leave cedar wood
oil on the Ol lens, because it may seep into the
body of the objective and damage the lens per-
manently. Dried oil is difficult to remove. Remove
oil with lens paper, then xylene to clean the lens.
Cover the microscope with the plastic cover after
use.

OTHER TYPES OF MICROSCOPES

Various types of microscopes have been specially
introduced for particular purposes over the past many
decades. They differ from the compound “bright-
field” microscope in fundamental ways by employing
different illumination and image-formation systems.
Some of these are:

1.

Binocular Microscope. It is a compound bright-
field microscope but having two eyepieces instead
of one so that both eyes are used simultaneously.
This prevents eyestrain.

. Dissection Microscope. It is a binocular

microscope used for microdissection under
magnification.

“Dark-field” Microscope. It employs a special
condenser that causes light waves to cross on
the material under study rather than passing
through it. As a result the field of view appears
dark (hence called “dark-field” in contrast to
“bright-field” microscopy) against which the object
appears bright. It is used in microbiology to study
spirochetes.

. Phase-contrast Microscope. Since the living

cells are mostly transparent, they must be stained
with vital stains, or they must be first fixed in

9.

alcohol and then stained with acid or basic dyes
before they can be viewed under the microscope.
In this microscope, a special phase plate is
inserted into the condenser, which can retard the
speed of some light waves. Since the tissue cells
and organisms have different refractive indices,
this microscope uses these differences to produce
an image with good contrast of light and shade.
Thus, unstained wet preparations can be studied
(e.g. platelets). The interference microscope is
based on similar principle.
Interference-contrast Microscope. A special
prism that can split a beam of light is added to
the condenser. The two split beams are then
polarized, but only one resultant beam passes
through the specimen under study while the other
(reference beam) does not. The two beams are
then recombined to produce a three-dimensional
image.

Polarizing Microscope. It has a polarizer (filter),
which is usually placed between the light source
and the specimen, and an analyzer, which is,
located between the objective and the eyepiece.
Such a system is used to study tissues that have
the property of birefringence (e.g. muscle fibers).
Fluorescence Microscope. A fluorescent dye is
used to stain tissues which are then studied under
this microscope.

Transmission Electron Microscope (TEM).
Invented by Knoll and Ruska in 1940, the TEM
uses a strong beam of electrons instead of light
and electromagnetic fields in place of glass lenses.
The electrons produce a wavelength of about 0.05
A, and provide a practical resolution of about 5 A
(theoretically possible resolution is about 1 A). The
magnified image, which is visible on a fluorescent
screen, can be recorded on a photographic film,
and the negative further enlarged 6 to 8 times.
Thus, the total magnification obtained can vary
from one to several hundred thousand times.
Scanning electron microscope (SEM). This
microscope, which achieves a resolution of about
30 A, has been developed for three-dimensional
study of surface topography of cells and object.
Though similar to TEM, the SEM employs a
different technique.



QUESTIONS

Q.1 Why is your microscope called a compound
microscope? What type of image is produced
by it?

A single convex lens works like a simple microscope.
In the student microscope, there are two lens
systems—the objective and the eyepiece which take
part in the formation of the image—hence the term
compound in contrast to simple. The image seen by
the eye is a virtual, inverted and magnified image
produced by the eyepiece from the real, inverted
and magnified image (primary image) produced by
the objective lens.

Q.2 When is plane mirror used and when con-
cave?
See page 6.

Q.3 What is the total magnification you are
getting now (at the time of viva)?

The total magnification obtained at any time depends
on the combination of the objective and the eyepiece
being used (see page 8 for details).

Q.4 What is meant by the term numerical ap-
erture? What is its significance?
See page 7.

Q.5 How will you identify oil-immersion objec-
tive lens ? Why is cedar wood oil used with this
lens and not with others?

See page 9.

Q.6 Will you see any image with the oil-immer-
sion lens without the cedar wood oil?

The image will be visible but will be very faint because
of the layer of air present between the slide and the
lens. Removal of this air by the cedar wood oil clarifies
the image.

Q.7 Why does the oil-immersion lens have pin-
hole sized aperture?

The aperture being very small, it allows only the
central cone of light to pass through and form the
image. Had the diameter been large, excessive
refraction would have caused spherical and chromatic
aberrations, thus making the image indistinct.

Q. 8 Why should the position of the condenser
be low with the LP lens and highest with oil-
immersion lens?
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Since the aperture of the LP lens is wide, a high
condenser would allow too much light to enter the
microscope and cause glare. The position of the con-
denser with the oil-immersion lens has to be highest
to allow enough light to enter it through its pin-hole
aperture.

Q. 9 Why are different degrees of illumination
required when using a microscope and why?
The clarity of an image depends on an optimal (ideal)
amount of light available. The illumination (the process
of providing light) can be altered by raising or lowering
the condenser and opening or closing the diaphragm.
A proper combination of the two has to be selected
under different conditions. In general, we require less
illumination when viewing a clear, unstained object,
and greater illumination when viewing a stained
preparation.

Q.10 What is meant by racking the microscope
and what is its importance?

Since the cells and their components are 3-dimensional
entities, and situated at different levels, the focus has
to be constantly changed to see all these structures.

Q.11 What are the other types of microscopes?
See page 11.

OSPE

Aim: To focus a given slide of blood film under L,P/

HP/OI lens.

Procedural steps: Refer to page 9.

Checklist:

1. Raises body tube, puts the slide on the stage,
uses mechanical stage to bring the object over
the central aperture. (Yes/No)

2. Chooses the light source and correctly brings the
objective lens into position;

i. LP; ii. HP; iii. Ol (Yes/No)

3. Adjusts the position of the condenser and iris
diaphragm for:

i. LP, ii. HP, iii. Ol (Yes/No)

4. Whether or not looks from the side when lowering
the body tube. (Yes/No)

5. Adjusts the light and uses coarse and fine
adjustment screws. Racks the microscope
constantly. (Yes/No)
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1-2

The purpose of this experiment is to familiarize the
student with the proper use of the microscope and
how to take its care. As the student gets used to
handling the microscope in this and later experiments,
she/he will realize that common objects of interest
in microscopy such as, dust particles, cotton/wool/
silk/synthetic and other fibers, air bubbles, stain
precipitate, etc. are the usual artifacts which may
cause confusion to a beginner.

STUDENT OBJECTIVES

After completing this experiment, you should be able to:
1. Explain the functions of each part of the microscope.
2. Name some common objects, which may cause

confusion.
3. Focus and identify an object under different magnifica-
tions.

. Take care of the microscope during and after use.

5. Answer all the questions relating to the use of

microscope in Experiment 1-1.

IN

PREPARATION OF SLIDES

About 8 to 10 clean, grease-free, standard microscopy
glass slides (75 mm x 25 mm) and cover-slips will be
required. Once cleaned, do not touch their surfaces
but hold them from their edges.

Place one drop of water in the middle of each
slide. Then add a pinch of dust, starch powder, a few
well-teased (dissected, separated) cotton, wool, and
other fibers, drop of milk, and a few hairs to each drop
of water separately. Then holding a cover-slip by its
edges, place its edge in the edge of the water drop,
and using a pencil point to support it, gently lower it
on to the water drop. This avoids trapping of air under
the cover-slip. The various objects are now ready for
examination under low and high magnifications of the
microscope (Figure 1-5).

1. Dust particles. The usual house and garden dust
contains inorganic, and organic matter—including
silica, graphite, mica, carbon, calcium carbonate
(from white washing, chalk, etc.), iron oxide (iron
is the most common metal in the earth’s crust),

The Study of Common Objects

Figure 1-5: Common objects: 1: Dust particles; 2: starch
granules; 3: Human hair; 4: cotton fiber; 5: leishman’s
stain granules 6: Fat globules of milk; 7: Woolen fiber; 8:
Air bubble in water
cellulose, natural and synthetic fibers, keratin and
epithelial cells shed off from the skin and so on.
The particulate matter is of different sizes (usually
larger than 8-10 pm), angular or irregularly
polygonal; with sharp edges, and unevenly light or
dark brown, black, or yellow in color. A few cotton
or other fibers or hairs may be seen.

2. Starch granules. These granules are oval or
pear-shaped and usually have a hilum at their
narrow ends. Concentric rings (lines) are seen,
especially when stained blue with dilute iodine
solution added to a watery suspension of starch
powder.

3. Hairs. Hairs are the growths of epidermis, and
composed of dead, keratinized cells. The human
hairs (pili) are long, filamentous and cylindrical and
cover most of the skin surfaces except palms and
soles. Each hair has 3 layers: the inner medulla
consists of cells containing pigment granules and
air spaces. The next layer, cortex, which forms
the major part of the shaft, consists of cells which
contain pigment granules (melanin, or its variants



which have different colors) in dark hair but mostly
air in gray hair. The outermost layer, the cuticle,
is a single layer of heavily keratinized thin, flat
cells arranged like the tiles of a roof, with their
free edges appearing as minute projections.

The medulla appears dark and the cortex light in

deep focusing position. If the focus is changed (as it
always is during racking) the darker medulla appears

lighter and the cortex appears darker.

4.

1-3

Cotton fibers. Undyed cotton fibers appear as
long, ribbon-like, semi-transparent filaments
which are spirally twisted at intervals. Two faint
lines appear to enclose a light central zone
throughout the twisted fiber. Unlike hair, there is
no medulla or cortex.

Woollen fibers. These are the body hairs of
sheep, rabbit, or other animals. They appear as
long, filamentous structures showing a cortex and
medulla. Minute hairlets may be seen projecting
from the surface.

Stain granules. Place a drop of Leishman’s stain
on a slide, spread it out thickly with another
slide, and allow it to dry at room temperature.
Examine it under LP and HP lenses. Then put

STUDENT OBJECTIVES

1

2

After completing this experiment, you should be able to:

3.

4.

. Explain what a blood sample is, what are its sources,
and what are its main constituents.

. Describe the purpose of collecting a blood sample.

Indicate how to attain and maintain asepsis when

collecting a blood sample.

Collect capillary blood from a finger-prick, heel-prick,

and earlobe prick, and precautions to be taken during

a skin-prick.

. Indicate the steps for obtaining a blood sample by
venepuncture.

. Name the various anticoagulants employed in
hematological studies and their mode of action.

. Provide samples of plasma and serum.
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a drop of cedar wood oil and examine it under
Ol lens. The stain precipitate appears as round,
uniformly dark blue-violet granules of uniform size
(about 2 pm). The granules usually lie singly
and do not form aggregates or clusters (this is
how you will see the granules on a blood smear
when the stain dries up during staining, as
mentioned in Expt 1-12. These granules have
to be distinguished from platelets which form
clusters of 2 to 12, and show a central darker and
a peripheral lighter zone.

Fat globules. A drop of diluted milk shows
fat globules, most of which are round and of
uniform size. A few may be found in clumps like
a bunch of grapes. (The fat in milk is neutral fat,
or triglycerides, TGs, the storage form of fat in
adipose tissue of the body).

Air bubbles. Drop a cover-slip over a drop of
water taken on a slide. This usually traps air
bubbles of various sizes. They are usually round
or oval due to surface tension of water around
them. They appear as darkish rings with a clear
area in the centre, an appearance that changes
when the focus is changed.

Collection of Blood Samples

Since blood is confined within the cardiovascular

system, the skin has to be punctured before blood can

be obtained. There are two common sources of blood

for routine laboratory tests: blood from a superficial

vein by puncturing it with a needle and syringe, or

from skin capillaries by skin-prick. Arterial blood

and blood from cardiac chambers may be required

for special tests.

None of these samples can be called a represen-

tative sample because there are minor variations
in their composition. But for routine hematologi-
cal tests, however, these differences can safely be
ignored.
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1. Asepsis
A. Sterilization of equipment
B. Cleaning/sterilizing of skin
C. Prevention of contamination.
2. The blood sample
A. Sources and amount of blood
B. Containers for blood samples
C. Differences between venous and capillary
blood.
3. Commonly used anticoagulants
4. Collection of venous blood
5. Collection of capillary blood
A. Selection of site
B. Apparatus
C. Procedure.
6. Precautions
7. Questions/Answers.

1. ASEPSIS

The term asepsis refers to the condition of being free
from septic or infectious material—bacteria, viruses,
etc. The skin is a formidable barrier to the entry of
foreign invaders and the first line of defence against
bacteria and other disease-causing microorganisms
which are present in abundance on the skin and in
the air. Therefore, puncturing the skin always poses
the danger of infection

In order to achieve asepsis, the following aspects
need to be kept in mind:

A. Sterilization of EqQuipment

All the instruments to be used for collecting blood—
syringes, needles, lancets, and cotton and gauze
swabs—should preferably be sterilized in an autoclave.
The old practice of boiling glass syringes and needles
in tap water is now obsolete. Irradiated and sealed,
single-use syringes, needles, lancets and blades are
now freely available and are in common use.

B. Cleaning/Sterilization of Skin

Though it is impossible to completely sterilize
the selected site for skin puncture, every aseptic
precaution must be exercised. The selected area need
not be washed and scrubbed unless grossly dirty. If

washed, the area should be allowed to dry before
applying the antiseptics because these agents do not
act well on wet skin. At least 2—3 sterile cotton/gauze
swabs soaked in 70% alcohol, methylated spirit, or
ether should be used to clean and scrub the area.
Cotton swabs are likely to leave fibers sticking to the
skin and provide an undesirable contact, or they may
appear as artifacts in a blood film. But if they are used,
the final cleaning should be done with gauze swab.

Note

After cleaning the skin, allow the alcohol to dry by
evaporation (do not blow on it), because sterilization with
alcohol is effective only after it has dried.

C. Prevention of Contamination

Any material used for skin puncture, or the operator’s
hands may cause contamination. Therefore, once
the site has been cleaned and dried, it should not
be touched again. Care must be taken to prevent
contamination until the puncture wound has
effectively closed/healed.

2. THE BLOOD SAMPLE

The term “blood sample” refers to the small amount of
blood—a few drops or a few milliliters—obtained from
a person for the purpose of testing or investigations.
These tests are carried out for aiding in diagnosis and/
or prognosis of the disease or disorder.

A. Sources and Amount of Blood Sample

i. Capillary blood. The skin and other tissues
are richly supplied with capillaries, so when a
drop or a few drops of blood are required, as for
estimation of Hb, cell counts, BT and CT, blood
films, micro chemical tests, etc, blood from a skin
puncture (skin-prick) with a lancet or needle is
adequate.

iil. Venous blood. When larger amounts (say, a few
ml that cannot be obtained from a skin puncture)
are needed as for complete hematological and
biochemical investigations, venous blood is
obtained with a syringe and needle by puncturing
a superficial vein. In infants, venous blood may



have to be taken from the femoral vein, or the
frontal venous sinus.

Note
Venous blood is always preferred for clinical tests.

iii. Arterial blood. When arterial blood is needed
for special tests such as blood pH, gas levels, etc,
an artery such as radial or femoral is punctured
with a syringe and needle. This, however, is not
a routine procedure.

iv. Cardiac catheterization. Blood from a heart
chamber, taken through a cardiac catheter, may
be required for special tests.

B. Containers for Blood Sample

A container is a receptacle into which blood is
transferred from the syringe before sending it to
the laboratory. Clean and dry 10 ml glass test
tubes, collection bottles such as clean and dry 10
ml discarded medicine vials, glass bulbs, etc are the
usual ones in use.

A container may or may not contain an anticoagulant
depending on whether a sample of blood/plasma, or
serum is required.

For a sample of whole blood or plasma. The
blood is transferred to a container containing a
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suitable anticoagulant. This is to prevent clotting of
blood.

For a sample of serum. No anticoagulant is used.
The blood is allowed to clot in the container and serum
is collected as described later.

Obviously, capillary blood does not require a
container or anticoagulant.

C. Differences Between
Venous and Capillary Blood

The differences between these two sources of blood
are given in Table 1-1.

3. COMMONLY USED ANTICOAGULANTS

Anticoagulants are substances employed to delay, sup-
press, or prevent clotting of blood. They are classified
into 2 groups: the in vitro (outside the body) antico-
agulants, and the in vivo (in the body) anticoagulants.

The commonly used in vitro anticoagulants include:
EDTA, trisodium citrate, double oxalate, sodium
fluoride, heparin, and ACD and CPD-A mixtures. The
use of fluoride and heparin is limited to pH, blood
glucose and gas analysis. The in vivo anticoagulants
include: heparin and dicoumarol derivatives (warfarin,
dicoumarin). Thus, heparin is both an in vivo and an
in vitro anticoagulant.

Table 1-1: Sources and differences between Venous blood and Capillary blood

Venous blood Capillary blood

1. Itis obtained from a superficial vein by venepunc-
ture

1. Itis obtained from a skin puncture, usually over a
finger, ear lobe/or the heal of a foot

2. A clean venepuncture provides blood without any
contamination with tissue fluid

2. Blood from a skin prick comes from punctured capil-
laries and from smallest arterioles and venules

3. There is less risk of contamination since sterile
syringe and needle are used

3. There is greater risk of contamination and trans-
mission of disease as one may be careless about
sterilization since skin prick is considered a harmless
procedure

4. Cell counts, Hb, and PCV values are generally higher

4. These values are likely to be on the lower side since
some tissue fluid is bound to dilute the blood even
when it is free-flowing

5. Venous blood is preferable when normal blood stan-
dards are to be established, or when two samples
from the same person are to be compared at differ-
ent times

5. Capillary blood is not suitable for these purposes
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A. In vitro Anticoagulants

1. Ethylene Diamine Tetra -acetic Acid (EDTA).
EDTA is also known as sequestrene or versene,
and both its potassium and sodium salts are strong
anticoagulants. The dry (anhydrous) dipotassium salt
of EDTA, being more readily soluble than the sodium
salt, is the anticoagulant of choice for most of the
hematological tests, except coagulation studies. The
tripotassium salt of EDTA causes some shrinkage of
RBCs that results in 2—3% decrease in packed cell
volume.

Mode of action. EDTA prevents clotting by removing
ionic calcium (which is an essential clotting factor)
from the blood sample by chelation. The platelets
appear clear and are neither aggregated nor
destroyed.

Effective concentration. EDTA is used in a
concentration of 1 mg/ml of blood. 0.2 ml of 2.5%
solution of the salt placed in a container and dried in
gentle heat in an oven is sufficient for 5 ml of blood.
This provides 1 mg of EDTA/mI of blood. (A number
of containers can be prepared from the stock solution
at a time).

Note

Excess of EDTA (more than 2 mg/ml blood) affects all
blood cells. Red cells shrink, thus reducing PCV, while
WBCs show degenerative changes. Platelets break up
into large enough fragments to be counted as normal
platelets. Care should, therefore, be taken to use correct
amount of EDTA, and blood should be thoroughly mixed
with the anticoagulant.

2. Trisodium Citrate (Naz Cs Hs5 O, . 2 H,0).
Trisodium citrate is the anticoagulant of choice in blood
tests for disorders of coagulation. A 3.8 % solution is
prepared in distilled water and then sterilized.

Mode of action. Any substance that deionizes the
blood calcium will prevent clotting. The negatively
charged citrate ion is particularly useful for this
purpose, usually in the form of sodium, ammonium,
and potassium citrate. The citrate ion combines with
calcium in the blood to form an unionized calcium
compound.

Citrated blood, citrate and blood in the ratio of 1:9,
is used for coagulation studies, and for ESR test by

the Westergren method in the ratio of 1:3. Along with
other components, sodium citrate is used for storing
donated blood in blood banks (see Expt 1-18), since
it can be safely given intravenously. Oxalates are toxic
and cannot be given intravenously.

3. Double Oxalate mixture.

A mixture of ammonium oxalate and potassium
oxalate in the ratio of 3:2 is an effective anticoagulant.
A large number of containers can be prepared at a
time by placing 0.2 ml of oxalate mixture (3.0 gm of
ammonium oxalate and 2.0 gm of potassium oxalate
in 100 ml of distilled water) in each container and
drying in gentle heat in an oven. This amount is
sufficient for 8-10 ml of blood. Too much oxalate is
hypertonic and damages all blood cells, while too little
will not prevent clotting.

Though each oxalate by itself (also sodium and
lithium oxalate) can prevent clotting, a mixture is
used since the ammonium salt increases cell volume
while potassium salt shrinks them. Sodium oxalate
should not be used since it causes crenation of red
cells. Ammonium salt should not be used in urea
and non-protein nitrogen tests. Oxalates prevent
clotting by forming insoluble calcium salts, thus
removing ionic calcium.

4. Sodium Fluoride.

A mixture of 10 mg of sodium fluoride and 1 mg
thymol is an anticoagulant as well as a preservative
when a blood sample has to be stored for a few
days. Since fluoride inhibits glycolytic enzymes (thus
preventing loss of glucose), it is employed when
plasma glucose is to be estimated.

5. Heparin.

Heparin, a highly charged mixture of sulphated
polysaccharides, and related to chondroitin, has a
molecular weight ranging from 15000-18000 and
is a naturally occurring powerful anticoagulant. It is
normally secreted by mast cells that are present in
many tissues, especially immediately outside many
of the capillaries in the body. Both mast cells and
basophils release heparin directly into blood. Heparin
is also a cofactor for the lipoprotein lipase—the
clearing factor.

Commercial heparin is extracted from many
different tissues and is available in almost pure form
(It was first extracted from the liver—hence the name



‘heparin’). Low megawatt fragments (mw 5000) have
been produced from unfractionated heparin and are
being used clinically since they have a longer half-life
and produce more predictable results.

Mode of action and uses. Heparin by itself has no
anticoagulant activity. However, when it combines
with antithrombin III, the ability of the latter to
remove thrombin (as soon as it is formed) increases
hundreds of times. The complex of these two
substances removes many other activated clotting
factors- such as IX, X, XI, and XII.

Theoretically, heparin is an ideal anticoagulant
since no foreign substance is introduced into the
blood. The required amount of stock solution is taken
in a number of containers and dried at low heat. At
a concentration of 10-20 IU /ml blood, it does not
change red cell size and their osmotic fragility. It is,
however, inferior to EDTA for general use. It should
not be used for leukocyte counts, as these cells
tend to clump. It also imparts a blue tinge to the
background of blood films. Clinically, it is used to
prevent intravascular clotting of blood.

6. ACD and CPD-A.

Acid-citrate-dextrose (ACD) and citrate-phosphate-
dextrose-adenine (CPD-A) are the anticoagulants
of choice for storing donated blood in blood banks
(See Expt 1-18). The CPD-A mixture is preferred as
it preserves 2—3 DPG better.

B. In Vivo Anticoagulants and
Their Clinical Use

The two in vivo anticoagulants are heparin and
coumarins. Patients at increased risk of forming blood
clots in their blood vessels, e.g. leg veins during
prolonged confinement to bed, or during long flights,
are sometimes put on these drugs (e.g. warfarin) to
prevent thromboembolism. Their BT, CT, and PT are
checked from time to time to adjust the dosage of
the drug.

1. Dicoumarol and warfarin. The coumarin
derivatives are vitamin K antagonists and thus
inhibit the action of this vitamin that is essential
as a cofactor for the synthesis of six glutamic
acid- containing proteins—namely, factors Il
(prothrombin), VII, IX, and X, protein C, and
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protein S. The action of this anticoagulant is,
however, slower than that of heparin.

2. Heparin is particularly used during open-heart
surgery in which the blood has to be passed
through a heart-lung machine; or the dialysis
machine during hemodialysis in kidney failure,
and then back into the patient.

Important

Anticoagulant therapy should not be confused with throm-
bolytic agents employed for dissolving blood clots (see
Q/A 22, Expt 1-19).

4. COLLECTION OF VENOUS BLOOD

Caution
The blood sample from a vein must be collected by a
medically qualified staff member who should screen
the volunteer for any communicable diseases/especially
viral hepatitis, and AIDS. Do not touch blood other than
your own.

Puncturing a vein and withdrawing blood from it
will be demonstrated to you because it requires some
degree of skill and confidence. It needs assistance
and complete aseptic precautions. (In due course of
time, you will also learn to do venepuncture).

Note
Two types of blood samples are not suitable for
hematological tests:

1. Clotted samples. Even tiny clots in the anticoagulated
blood can negate the results.

2. Hemolysed samples. The red cells may be damaged
and ruptured during collection or handling of blood.
The released Hb tinges the plasma or serum red,
rendering the sample unfit for tests.

For a Sample of Whole Blood or Plasma. (Plasma
= Blood minus all the blood cells). Draw blood
from a vein as described below and transfer it from
the syringe to a container containing a suitable
anticoagulant. Mix the contents well without frothing.
A sample of whole blood is now ready for tests.

If plasma is desired, centrifuge the anticoagulated
blood for 20—30 minutes at 2500 rpm, as described
later. Collect the supernatant plasma with a pipette
and transfer it to another container. (The packed RBCs
will be left behind).
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For a Sample of Serum. (Serum = Plasma minus
fibrinogen and all the clotting factors). Transfer the
blood from the syringe to a container without any
anticoagulant in it, and keep it undisturbed. After
the blood has clotted in an hour or two and the clot
shrunk in size, the serum will be expressed. Remove
the supernatant serum with a pipette and transfer it
to a centrifuge tube. Centrifuge it to remove whatever
red cells may be present. Clear serum can now be
collected with another pipette.

APPARATUS AND MATERIALS

Keep the following equipment ready before vene-

puncture:

1. Disposable gloves. These should always be worn
before venepuncture.

2. Sterile, disposable, one-time use, 10 ml syringe
with side nozzle. Two 22-gauge needles with short
bevels (the flattened puncturing points).

3. 10 ml test tubes, or vials, with or without
anticoagulant.

4. Sterile gauze pieces moist with 70% alcohol/
methylated spirit.

5. Tourniquet. A 2—3 cm wide elastic bandage with
Velcro strips to keep it securely in place. (It will
be used to obstruct the venous return and make
the veins prominent just before venepuncture).
Alternately, a blood pressure cuff attached to its
apparatus, or a ‘twisted‘ handkerchief can serve
the purpose.

PROCEDURES

1. Seat the subject comfortably on a chair with an
arm rest, or near a table. The subject, if nervous,
may lie down on a bed. Reassure the subject by
your approach and conversation.

2. Examine both arms in front of the elbows to
locate a suitable vein. Ask your assistant to
compress the upper arm with his hands to make
the veins prominent. The antecubital (medial
basilic) vein is embedded in subcutaneous fat
and is usually sufficiently large to take a wide-
bore needle. It also runs straight for about 3 cm,
and is usually palpable—even in obese subjects.
If the vein is neither visible nor palpable, try the

other arm. (You should avoid superficial veins
because they are notoriously slippery. Veins
above the ankle or on the back of the hand may
have to be used).

Once a suitable vein has been selected, support
the subject’s arm over the edge of the table.
Wash your hands with soap and water, dry them
on a sterile towel, and put on the gloves. Ask
your assistant to open the syringe pack. Take out
the syringe and attach the needle (it is attached/
detached with a little twist), with its bevel facing
you.

. Ask your assistant to apply the tourniquet about

2-3 cm above the elbow to obstruct the venous
return. The subject may open and close her fist
to increase the venous return and make the
veins engorged (filled) with blood. If the vein is
still not sufficiently prominent, a few ‘slaps' with
your fingers over the region may do so.

Clean the skin over the selected vein with
gauze and alcohol and allow it to dry. With
the fingers of your left hand supporting and
steadying the elbow from behind, stretch the
skin over the vein downward with your left thumb
placed about 4 cm below the vein. This traction
fixes the vein and prevents its slipping when it
is punctured.

. With the piston pushed in, the side nozzle

towards the subject’s arm, and the bevel of the
needle facing you, hold the syringe between your
fingers and thumb of the right hand.

With the first finger placed near the butt of the
needle, puncture the skin and push in the needle
under the skin with a firm and smooth thrust, at
an angle of 15-20° to the skin.

Slightly pull the plunger back with your thumb
and little finger to produce a little negative
pressure in the syringe. Advance the needle
gently along the vein and puncture it from the
side, a few mm ahead of the skin puncture. This
prevents counterpuncture of the far wall of the
vein and formation of a hematoma (local leakage
of blood).

. As the vein is punctured, all resistance will

suddenly cease and blood will start to enter the
syringe. With the needle still in the vein, and



supporting the syringe with your left hand, gently
pull the plunger back with the thumb and fingers
of your right hand. Do not withdraw blood faster
than the punctured veins is filling as too much
pressure applied to the plunger is likely to cause
mechanical injury and hemolysis of red cells. The
subject may open and close the fist to enhance
venous return.

9. When enough blood has been collected, release
the tourniquet and press a fresh swab over the
skin puncture. Withdraw the needle gently but
keep the swab in position. Ask the subject to
flex the arm and keep it so to maintain pressure
on the puncture site till the bleeding stops. The
arm may be raised above the head for a minute
or so if required.

10. Hold the syringe vertical with the plunger
supported, and remove the needle with a slight
twist. Expel the blood gently into the container;
do not apply force as it may cause mechanical
injury to red cells. Gently shake, or swirl the
container between your palms so that the
anticoagulant (if used) mixes well with the blood
without frothing.

Note

If an autoclaved glass syringe has been used and is re-
quired to be used again, wash it under tap water, passing
a syringeful of water forcefully through the needle. This
will clean the needle from inside.

Important

The entire process of withdrawing blood should be com-
pleted within two minutes of applying the tourniquet
because, stagnation of blood in the vein is likely to alter
its composition—the cell counts usually increasing.

PRECAUTIONS

1. All aseptic precautions must be observed and dis-
posable gloves, syringe and needles must be used.

2. The tourniquet (or the BP cuff) must be removed
before taking the needle out of the vein to avoid
formation of hematoma.

3. The blood from the syringe should be transferred
to the container without delay to prevent clotting.
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4. Ask the subject to keep the swab in position till
the bleeding from the puncture site stops.

5. COLLECTION OF CAPILLARY BLOOD
(SKIN-PRICK METHOD)

In most medical colleges and clinical laboratories,
trained laboratory technicians give the skin prick
because an anxious student may only make a
superficial prick on her or her partner’s finger. This will
force her to squeeze the finger that will expel tissue
fluid along with blood to come out of the puncture
site. The dilution of blood will, thus, nullify the results.
Hence for clinical work, venous blood is always
preferred. Skin-prick may be used on the bedside of a
patient, or in an emergency when it is not convenient
to take a venous sample. With a little practice, and
confidence, the students should be able to give skin
pricks to their work-partners with confidence.

Note
Remember that one deep puncture, which will give you
free-flowing blood, is less painful than 3 or 4 superficial
stabs.

® Capillary blood is also called “peripheral blood”
as it comes out of the peripheral vessels (capil-
laries) in contrast to venous blood.

Selection of Site for Skin Prick

In adults and older children, capillary blood is
generally obtained from a skin puncture made on the
tip of the middle or ring finger, or on the lobe of the
ear. In infants and young children in whom the fingers
are too small for a prick, the medial or lateral side of
the pad of the big toe or heel is used.

The site for skin-prick should be clean and free
from edema, infection, skin disease, callus, or
circulatory defects.

Important

The thumb and little finger are never pricked because the
underlying palmar fasciae (venous bursae) from these
digits are continuous with those of the forearms. Any
accidental injury to these fasciae may cause the infection
to spread into the forearm.
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APPARATUS
Note
Keep all the equipment ready before getting a prick. If the
Note finger to be pricked appears cold and bloodless, especially
Since our aim is to get free-flowing blood drops with in winter, immerse it in warm water for 2—3 minutes.
only a single prick, without squeezing the skin around

the puncture, choosing a suitable instrument is very im-
portant, whether a blood lancet, an injection needle, or
a pricking gun. Your teacher will guide you accordingly.

1. Clean and vigorously rub the ball of the finger
with the spirit swab, followed by a final cleaning
with dry gauze. (Scrubbing increases local blood

1. Blood Lancet/Pricking needle. Disposable, flow).

sterile, one-time use, blood lancets (flat, thin Allow the alcohol to dry by evaporation for the
metal pieces with 3—-4 mm deep penetrating following reasons:

sharp points) are commercially available and i. Sterilization with alcohol/spirit is effective only
should be preferred. Lancets with 3-sided cutting after it has dried by evaporation.

points and mounted in plastic are also suitable. ii. The thin film of alcohol can cause the blood
However, lancets with thin and shallow points are drop to spread sideways along with alcohol so
not satisfactory. that it will not form a satisfactory round drop.

Ordinary, narrow-bore injection needles are iii. The alcohol may cause hemolysis of blood.

useless since they only make shallow cuts rather
than deep punctures. However, wide-bore (22
gauge) needles may be used in an emergency or

if blood lancets are not available.

A cutting needle with 3-sided cutting point

(used by surgeons) can serve the purpose well.

Steadying the finger to be pricked in your left
hand, apply a gentle pressure on the sides of the
ball of the finger with your thumb and forefinger
to raise a thick, broad ridge of skin. (Do not touch
the pricking area).

Hold the lancet between the thumb and fingers of

your right hand, and keeping it directed along the
axis of the finger, but slightly “off” center so as to
miss the tip of the phalanx (i.e. not too far down or
too far near the top of the nail bed), prick the skin
with a sharp and quick vertical stab to a depth of
3—-4 mm and release the pressure. The blood
should start to flow slowly, spontaneously and
freely (without any squeezing)—if a good prick
has been given.

Pricking gun. A spring-loaded pricking gun

that has a disposable, 3-sided sharp point, and a
loading and releasing mechanism, is ideal because
the depth of the puncture can be preselected. After
pulling back the release lever, and thus “loading”
the gun, it is placed on the ball of the finger and
the release lever pressed. The subject does not see
the sharp point and the pain is thus minimized.

2. Sterile gauze/cotton, moist with 70% alcohol/
methylated spirit.

3. Glass slides, pipettes, etc. according to
requirements.

Important

Do not squeeze or press the finger as the tissue fluid
squeezed out will dilute the blood and give false low
values. The squeeze also tends to close the wound
edges. You may exert a slight tension on either side of
the puncture with your thumbs in order to open up the
wound more widely (a plug of epithelial cells tends to block
the puncture especially if the wound is shallow, as often
happens if a narrow-bore injection needle is used). The
forearm or the hand may be squeezed or milked towards
the fingers to facilitate blood flow. If all efforts fail, a fresh
prick may be required.

Note

The students should bring their own lancets. These may
be reused 2—3 times, if required, after passing their points
through a flame. Too much heating, however, is likely to
blunt the pricking points.

PROCEDURES

All aseptic precautions must be taken. The person 4, Wipe away the first 2 drops of blood with dry,
giving the prick should wash his/her hands with soap sterile gauze as it may be contaminated not
and water, and wear gloves if possible. only with tissue fluid, but also with epithelial and



endothelial cells which will appear as artifacts in
the blood film.

5. Allow a fresh drop of blood of sufficiently large
size (about 3—4 mm diameter) to well up from the
wound, and make a blood smear, or fill a pipette
as the case may be.

6. Clean the area of the prick with a fresh swab and
ask the subject to keep the swab pressed on the
wound with his/her thumb till the bleeding stops,
which occurs in a minute or so.

Ear-lobe Prick

1. After selecting the site, rub the lobe of the ear
between your thumb and finger until warm. Clean
the skin with alcohol and give a 2 mm deep prick.
(The skin here is usually thinner than at the
fingertip). Wipe away the first drop and allow a
new one to form).

2. Alternately, a nick may be given with the corner
edge of a sterile blade to obtain blood. (The BT
and CT tests give better results here than at the
finger-prick).

Pricking the Heel

In infants and young children, blood can be collected
from the cleaned and warmed medial or lateral areas
of the heel. The central plantar and the posterior
curvature areas of the heel should be avoided as the
prick may cause injury to the underlying tarsal bones
which lie near the surface.

PRECAUTIONS

1. Keep the equipment for the test ready before
getting/giving a finger prick

2. The selected site should be clean, free from
infection, edema, or skin disease

3. The site should be vigorously cleaned and
scrubbed with sterile gauze and alcohol. Scrubbing
increases local blood flow

4. The lancet/needle should be sterile, and if it is to
be reused, it should be passed through a flame

5. The puncture should be deep enough to give free-
flowing blood but not so very deep that it takes
inordinately long time for the bleeding to stop
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6. Do not press or squeeze the finger to increase the
blood flow from the skin-prick, though the arm or
the hand may be milked towards the fingers.

QUESTIONS

Q.1 What measures are taken to prevent infec-
tion during venepuncture and skin-pricking?
The instruments to be used should be properly
sterilized. The site selected for puncturing should be
clean and free from any disease. The area should be
properly sterilized. The person withdrawing blood
should wash his/her hands.

Q.2 What are the sources and main differences
between venous blood and capillary blood? Why
is capillary blood called peripheral blood?

See page 17.

Q.3 What is the difference between plasma
and serum? How will you get a sample of each?
See page 19.

Q.4 What precautions will you observe to pre-
vent hemolysis of venous blood sample?

The syringe, needle and the container should be clean
and dry. The needle should be of wide bore, and the
blood should be drawn slowly and without frothing.
The needle should be removed from the syringe and
blood should be expelled slowly into the container.

Q.5 What are anticoagulants? What is meant
by in vivo and in vitro anticoagulants?
See page 17.

Q.6 Why are the thumb and little finger not
pricked for blood?
See page 21.

Q.7 What are the sites for collecting capillary
blood in infants?
See page 22.

Q.8 Why should the pricked finger not be
squeezed? What is meant by free-flowing blood
and why should it be preferred over squeezed
blood?

Squeezing or pressing the finger contaminates blood
with tissue fluid, (thus diluting the blood and giving
low values), and epithelial and/or endothelial cells.
Free-flowing blood is that which comes out of the
wound without pressing or squeezing.
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1-4

STUDENT OBJECTIVES

After completing this experiment, you should be able to:
1. Describe the principle underlying hemocytometry.
2. ldentify the RBC and WBC pipettes, name their parts,
and the differences between them.
3. Name the precautions to be observed during dilution
of blood in a pipette.
4. Calculate the dilution obtained with each pipette.
5. Describe the possible sources of error during dilution
of blood.

Hemocytometry Diluting pipettes

Principle. Parts of a diluting pipette.

Principle underlying their
use.

Differences between RBC
and WBC pipettes.

Filling the pipette with
blood and diluting it.

Units for reporting

Sources of error.

Steps in hemocytometry

Calculation of dilution
obtained.

Hemocytometer

Diluting pipettes Precautions.

Counting chamber Questions

HEMOCYTOMETRY

Hemocytometry is the procedure of counting the
number of cells in a sample of blood; the red cells, the
white cells, and the platelets being counted separately.
It is assumed that the cells are homogenously mixed
(suspended) in the plasma in all regions of the body.
However, even under physiological conditions, there
are slight differences (e.g. higher red cell counts in
venous and capillary blood than in arterial blood)
which, though minor, are accentuated by muscular
exercise, changes in posture, meals etc. Nevertheless,
important clinical information can be obtained if
cell counts are done carefully on a venous blood
sample.

Hemocytometry (Cell Counting)

The Diluting Pipettes

Principle

Since the number of blood cells is very high, it is
difficult to count them even under the microscope.
This difficulty is partly overcome by diluting the blood
to a known degree with suitable diluting fluids and
then counting them.

The sample of blood is diluted in a special pipette
and is then placed in a capillary space of known
capacity (volume) between a specially ruled glass slide
(counting chamber) and a coverslip. The cells spread
out in a single layer which makes their counting easy.
Knowing the dilution employed, the number of cells
in undiluted blood can then easily be calculated.

Units for Reporting

The result of cell counting is usually expressed as “so
many cells per cubic millimeter (¢ mm; mm?; ul) of
blood”. For example, RBC count = 5.0 million/crmm.
The Sl unit, however, is ...... cells per liter of blood.

1 mm3 =1 ul=107° liter

1 ul x 108 =1 liter

Significance of Counting the
Cells in a Chamber

How much important information can be obtained
from this method? Does counting the cells in this
traditional manner give useful clinical information as
compared to counting them in electronic counters?

Automatic Electronic Cell Counters

The electronic cell counter uses volumetric impedence
method. An electrolyte solution (diluent) containing
suspended blood cells is aspirated through the
aperture. Two electrodes are located close to the
aperture and a constant current flows between them.
When a blood cell passes through the aperture, the



resistance between the electrodes momentarily
increases and a very small voltage change occur
corresponding to the resistance. The voltage signal
is amplified and sent to the electronic circuit. The
data is then corrected by the CPU and displayed on
the screen.

RBC Counting

The counting of red cells in a chamber is a time-con-
suming and tedious procedure and difficult to perform
accurately even in the hands of experts. Therefore,
RBC counting, because of their great number and
high dilution employed, has not much of clinical value.
(However, it is needed in the calculation of some
blood standards). By the time changes occur in their
number, the diagnosis is already clear to the clinician.

WBC Counting

The white cell counting is comparatively simpler to
carry out and also more reliable.

Sources of Error in Cell Counting

Three important sources of error, pipette error,
chamber error, and field error (see Expt 1-8 for
details) can produce a variation of as much as
10-15%, or even more in the hands of a student. On
the other hand, hemoglobin and packed cell volume
are easy to determine and give enough information
about the blood picture.

Steps in Hemocytometry

The whole process of cell counting involves the

following steps:

1. Keeping all the equipment ready

2. Getting a sample of blood

3. Pipetting, i.e. filling the pipette with blood and
diluting it

4. Charging, i.e. filling the counting chamber with
diluted blood

5. Counting the cells and reporting the results.

HEMOCYTOMETER

The hemocytometer set consists of the following:
1. The diluting pipettes Two different glass
capillary pipettes, each having a bulb, are provided
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for counting RBCs and WBCs. (These pipettes are
sometimes called “cell pipettes” or blood pipettes.
The third pipette that the students will be using is the
hemoglobin pipette, which does not have a bulb).

2. The counting chamber It is a thick glass slide,
appropriately ruled with a counting grid, i.e.
squares of varying dimensions.

3. Coverslips Special coverslips having an optically
plane and uniform surface should be preferred
over ordinary coverslips.

4. RBC and WBC diluting fluids.

5. Watch glasses eSpirit swabs, eBlood lancet/
needle, etc.

Note

In this experiment we shall study the diluting pipettes,
while the counting chamber will be studied in the next
experiment.

For practice. Since this and the next experiment
are study/practice exercises, the whole class may
use anticoagulated blood obtained from a student
volunteer. Or a spare anticoagulated blood sample
obtained from the clinical laboratory may be used
(Of course with all precautions about handling blood
from an unknown person). Alternatively, and more
conveniently, you may place a drop of washable red
ink on your or your partner’s fingertip, or on a glass
slide, and then practice pipetting.

STUDY OF THE DILUTING PIPETTES

Figure 1-6 shows the two glass capillary pipettes used
for diluting the blood. Each pipette has a long narrow
stem (for measuring the blood), which widens into

Figure 1-6: The diluting pipettes (blood pipettes) (A) RBC
pipette: it has 3 markings—0.5, 1.0, and 101, (B) WBC
pipette: it has 3 markings—0.5, 1.0, and 11 (see text for
dilutions obtained)
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a bulb (for diluting the blood/which in turn, leads to
a short stem.

Parts of a Diluting Pipette

The stem. The long narrow stem has a capillary
bore and a well-grounded conical tip. It is divided
into 10 equal parts (graduations) but has only two
numbers etched on it—0.5 in the middle of the stem,
and 1.0 (or 1) at the junction of stem and the bulb.
The pipette, has a glossy white surface behind the
graduations to facilitate their reading. (Note that some
pipettes have only two graduations—0.5 and 1.0).

The bulb. The stem widens into a bulb which contains
a free-rolling bead—red in the RBC pipette, and white
in the WBC pipette. The bead helps in mixing the blood
and the diluent and also helps in quick identification
at a glance.

Rubber tube and mouthpiece. The bulb narrows
again into a short stem to which a long, narrow,
soft-rubber tube bearing a mouthpiece (often
red in RBC pipette, and white in WBC pipette)
is attached. The rubber tube should be at least
25-30 cm long to facilitate filling of the pipette by
gentle suction. It also allows the pipette to be held
horizontally so that one can comfortably watch the
blood or diluting fluid entering the pipette.

Just beyond the bulb, the number 101 is etched
on the RBC, and 11 on the WBC pipettes.

Principle Underlying the
Use of Diluting Pipettes

It is important to understand that the numbers
marked on the pipettes—0.5, 1.0 and 101 on
the RBC pipette and 0.5, 1.0 and 11 on the WBC
pipette—do not indicate absolute or definite amounts
(or volumes) in terms of so many cubic millimeters
(or ul), a mistake commonly made by the students.
These figures only indicate relative volumes (parts)/or
relative volumes in relation to each other. That is, half
volume (from tip to mark 0.5), one volume (from the
tip to mark 1.0) in both pipettes; and eleven volumes
(from tip to mark 11 above the bulb in WBC pipette),
and hundred one volumes (from tip to mark 101 in
RBC pipette). Of course, all these volumes will have
certain definite volumes in terms of cubic millimeter,

but we are not concerned with these but only the
relative volumes or parts in relation to each other. It
can be seen that the capillary bore in WBC pipette
is wider than that in RBC pipette, and therefore, will
hold more blood though the volume of the stem in
both cases is 1.0 (one).

Differences Between the Two Pipettes

The differences between the two pipettes are given
below:

RBC pipette WBC pipette

1. Calibrations are 0.5 1. Calibrations are 0.5
and 1.0 below the and 1.0 below the
bulb, and 101 above bulb and 11 above it.
the bulb.

2. The capillary bore 2.
is narrow, thus it
is a slow-speed
pipette.

The capillary bore is
wider, hence it is a
fast-speed pipette.

Bulb is smaller and
has a white bead.

3. Bulb is larger and 3.
has a red bead.

The volume of the
bulb is 10 times the
volume of the stem.

A. The volume of the 4.
bulb is 100 times the
volume contained in
stem.

5. The dilution can be 1 5.
in 100 or 1 in 200.

The dilution can be 1
in 10 or 1 in 20.

® Note that, though the dilution obtained with the
RBC pipette is 10 times that obtained with WBC
pipette, its bulb is not 10 times bigger. The reason
is the much finer bore in the red cell pipette.

Filling the Pipette

1. Place a drop of anticoagulated blood on a glass
slid, or a drop of red ink on your fingertip, or get
a finger-prick under aseptic conditions.

2. Holding the mouthpiece of the pipette between
your lips and keeping the pipette (with its
graduations facing you) at an angle of about 40°
to the horizontal, place its tip within the edge of
the drop. Gently suck on the mouthpiece and draw
blood until it is just above the mark 0.5 (capillary
action cannot fill the pipette at this angle).
® The blood drop should be of adequate size

(say 3—4 mm in diameter). If it is too small or
if the tip is lifted out of the drop, air will enter



the pipette along with blood. If the tip presses
against the skin, the bore at the tip will get
blocked and no blood will enter the stem even
if you suck hard at the mouthpiece.

® Alternately, the pipette (after removing the
rubber tube) may be filled with blood (without
sucking/by lowering its bulb end below the
horizontal and allowing the blood to flow down
the stem by gravity.

3. Remove the pipette from the blood drop and clean
its outer surface with a cotton swab by wiping it
toward the tip. Do not touch the bore at the tip
otherwise some blood will be pulled out.

4. Keeping the pipette horizontal all the time, bring
the blood in the stem to the exact mark 0.5 by
wiping the tip on your palm (or on a paper) a
couple of times till the blood recedes to the exact
mark.

Note

Do not use filter paper for this purpose as it will absorb
a large amount of blood, and neither should you try to
blow out the extra blood.

5. Holding the pipette nearly vertical, immerse its tip
in the diluting fluid taken in a watch glass, and suck
the diluent to the mark 11 (WBC) or 101 (RBC). As
the fluid is sucked up, the blood is swept before it
into the bulb of 10 volumes (WBC) or 100 volumes
(RBC pipette).
® The sucking up of diluting fluid should not be
done very quickly because blood being viscous,
if a sufficient time is not allowed, a thick film of
blood will remain sticking to the inside of the
capillary bore, thus introducing a significant
error.

® The dilution of blood should not be delayed
otherwise it is likely to clot in the stem.

® Once the diluent has been taken to the
appropriate mark, keep the pipette horizontal
so that the fluid does not run out by gravity.

® Do not place the pipette on the table, or delay
the mixing because it becomes impossible to
dislodge the cells from the walls of the bulb
once they settle down.

6. Mixing the Blood with the Diluting Fluid. Once
the diluting fluid has been sucked up, remove the
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rubber tube. Holding the short stem above the
bulb between your thumb and first two fingers,
and pressing the tip of the pipette against the
palm of the other hand, rotate it to and fro for
3—4 minutes so that the blood and diluent get
thoroughly mixed.

Alternately, remove the rubber tube, close the
pipette ends with thumb and forefinger of your
right hand, and shake it vigorously with a figure
of eight motion.

Do not shake the pipette with an end-wise motion
as this will force the cells out of the bulb into the
stem. A pipette shaker, if available, may be used.

7. Charging the Chamber. Once the blood and
the diluent have been mixed well, ‘charge’ the
chamber as described in the next experiment.

8. Cleaning the Pipette. Pipette should be cleaned
as soon as possible after the experiment is over.
Rinse it in running water, sucking and expelling
water with maximum force, a few times. Remove
water by sucking and expelling alcohol a couple
of times. Finally, rinse it with ether or acetone to
remove alcohol.

Calculation of Dilution Obtained
(Dilution Factor)

When blood is sucked up to the mark 0.5 (half part
or volume) and is followed by the diluting fluid, the
blood enters the bulb first and is followed by the
diluent to the mark 101 (RBC pipette), or mark 11
(WBC pipette). The stem in both pipettes contains
only the diluent. Thus, the dilution of the blood occurs
in the bulb only.

RBC pipette. Since the volume of the bulb is 100
(101 — 1.0 = 100), it means that 100 volumes (or
parts) of diluted blood contain 0.5 (half) part of
blood and 99.5 (100 — 0.5 = 99.5) parts or volumes
of diluent. This gives a dilution of 0.5 in 100 (half in
hundred), or 1 in 200 (one in two hundred); i.e. 1 part
blood, and 199 parts of diluent, or 200 times. This
figure of 200 is called the dilution factor.

If blood is taken to the mark 1.0 in the stem and
followed by diluent to the mark 101, the dilution
obtained would be 1 in 100, or 100 times; the dilution
factor being 100.
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WABC Pipette. In this case the volume of the bulb is
10 (11 — 1 = 10). When blood is taken to the mark 0.5
(half part or volume) followed by diluent to the mark
11, the volume of the diluted blood is now 10, which
contains 0.5 part blood and 9.5 parts or volumes of
the diluting fluid. This gives a dilution of 0.5 in 10
(half in ten), or 1 in 20 (one in twenty), the dilution
factor being 20 (the blood will be diluted 20 times).
Similarly, if blood is taken to the mark 1.0 followed by
diluted to mark 11, the dilution now would be 1 in 10.

Example
A simple example will make the calculations of ‘dilution’
clear. We have one cup of milk and it is to be diluted 10
times or 1 in 10. Taking this one cup of milk and adding
9 cups water (1 cup milk and 9 cups of water total 10
cups), gives us a dilution of 1 in 10 or 10 times.

If we have %2 cup of milk and want a dilution of 1 in
10, we will add 4%z cups of water to it, making it 5 cups
of diluted milk. This gives a dilution of %2 in 5 or 1 in 10.
Again, if we want 50 times dilution, we will add 49 cups
of water to 1 cup of milk, thus making a total of 50 cups
of diluted milk, the dilution factor being 50.

PRECAUTIONS

1. The pipette should be clean and dry and the bead
should roll freely.

2. The pipette should not be lifted out of the blood
drop while filling it with blood, otherwise air will
enter it.

3. The drawing up of diluent, after blood has
been taken in the stem, should not be delayed,
otherwise it will clot in it.

4. The pipette should be cleaned soon after the
experiment is over.

5. Do not touch blood other than your own.

QUESTIONS

Q.1 How will you identify a red cell pipette and
a white cell pipette?
See page 26.

Q.2 What is the function of the bead in the
bulb?

The bead helps to mix the blood with its diluent. It
tells whether the pipette is dry or not. (It rolls freely
if it is dry.) It also helps to identify the pipette by
just glancing at it.

Q.3 What are the units of markings on the
pipettes?

There are no absolute units of volume marked on the
pipette. They only denote relative volumes or parts
in relation to each other.

Q.4 What is the function of the bulb in a dilut-
ing pipette?

The dilution of the blood occurs in the bulb only, and
since the volume of the bulb is known, it is possible
to dilute the blood with a diluent in accurately known
proportions.

Q.5 Why isitimportant to discard the first two
drops of diluted blood from the pipette before
charging the counting chamber?

After the blood has been diluted in the pipette, the
stem contains only the cell-free diluent. This fluid
has, therefore, to be discarded before the chamber
can be filled.

Q.6 How will you clean a pipette when blood
has clotted in the stem?

The pipette is kept in strong nitric acid for 24 hours.
A flexible suitably thick metal wire is used to clean
the capillary bore after washing the pipette in running
water. The process may have to be repeated.

Q.7 Whatis the significance of the tenth gradu-
ations on the stem?

Instead of taking 0.5 or 1.0 volume of blood we can
take smaller volumes, say 0.2 or 0.3 to get higher
dilutions.

Q.8 Can a pipette be used for any other purpose
than cell counting?

The RBC pipette can be used for counting platelets,
WBCs (when their number is very high, as in some
leukemias) or spermatozoa in the semen.
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STUDENT OBJECTIVES

After completing this experiment you should be able to:
1. Describe the counting chamber, and the dimensions
of different squares on the counting grid.
2. Name the diluting fluids and their composition.
3. Name the precautions observed during charging the
chamber.
4. Focus the counting grid for RBC and WBC counting
under low and high magnifications.
5. Explain the possible sources of error for cell counting.

Improved Neubauer Chamber
The Counting Grid
For RBC counting

For WBC counting
Focusing the Counting
Grid

Charging the Chamber
High-speed pipette
Slow-speed pipette
Ideally charged
chamber

Precautions
Questions.

The counting chamber was introduced by Crammer
in 1805. Its modification by Thoma, and later by
Neubauer remained in use for a long time. Improved
Neubauer chamber is in current use.

Note

Since this is a practice experiment, anticoagulated blood
from a student, capillary blood from a skin-prick, or
washable red ink may be used.

Improved Neubauer Chamber
(Counting Chamber)

The counting chamber (Figure 1-7) is a single, solid,
heavy glass slide. Extending across its middle third
are 3 parallel platforms (pillars, or flanges) separated
from each other by shallow trenches (moats, gutters,
or troughs). The central platform or “floorpiece”
(sometimes also called the plateau) is wider, and
exactly 0.1 mm (one-tenth of a mm) lower than the
two lateral pillars. The floorpiece is divided into two
equal parts by a short transverse trench in its middle
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Hemocytometry (Cell Counting)

The Counting Chamber

Figure 1-7: Hemocytometer, or counting chamber with
improved Neubauer’s ruling (A) Surface view, with the cover
slip in position. The locations of the counting grids on the two
platforms (“Floor pieces”) are indicated. The arrow indicates
the place where the tip of the pipette should be placed for
“charging” the chamber, (B) Side view with the coverslip in
position. The space between the underside of the coverslip
and the surface of the platform is 0.100 mm in depth. The
depth and the area of the smallest square are etched on the
surface of the chamber

as shown in Figure 1-7. Thus, there is an H-shaped
trench or trough enclosing the two floorpieces.

The two lateral platforms can support a coverslip
which, when in position, will span the trenches and
provide a capillary space 0.1 mm deep between the
under surface of the coverslip and the upper surface
of the floorpieces.

Identically ruled areas, called “counting grids”,
consisting of squares of different sizes, are etched on
each floorpiece. The two counting grids allow RBC and
WBC counts to be made simultaneously if needed, or
duplicate samples can be run.

Note

Hemocytometers with silver-coated floor pieces show
the grids beautifully, which makes them easier to use
by the students.
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The Counting Grid

The ruled area on each floor piece, the counting grid,

has the following dimensions:

® Each counting grid (Figure 1-8) measures 9 mm?
(3 mm < 3 mm). Itis divided into 9 large squares,
each 1 mm? (1 mm <1 mm).

® Of these 9 squares, the 4 large corner squares are
lightly etched, and each is divided by single lines
into 16 medium-sized squares each of which has
a side of 1/4 mm, and an area of 1/16 mm? (1/4
mm % 1/4 mm). These 4 large corner squares are
employed for counting leukocytes and are, there-
fore, called WBC squares (Figure 1-8).

® The central densely etched large square (1 mm x
1 mm), called the RBC square, is divided into 25
medium-sized squares, each of which has a side
of 1/5 mm.

® Each of these medium squares is set off (sepa-
rated) from its neighbors by very closely placed
double lines (tram lines) or triple lines. These
double or triple lines extend in all directions

Figure 1-8: The counting grid of improved Neubauer’s ruling.
The four corner groups of 16 squares (side = 0.25 mm) are
used for counting WBCs. The RBCs are counted in 5 groups
of 16 smallest squares each (side = 0.05 mm). The grid also
provides a convenient scale for measuring the size of small
objects like parasite eggs

beyond the boundaries of the 9 mm? ruling, i.e. in
between all the WBC squares around the central
RBC square.

® Each of the 25 medium squares (side = 1/5
mm), bounded by double lines (which are 0.01
mm apart) or triple lines, is further divided into
16 smallest squares by single lines. Thus, each
smallest square has a side of 1/5 x 1/4 = 1/20
mm, and an area of 1/400 mm?Z.

Note

Since each group of 16 smallest squares is demarcated
from its neighbors by double or triple lines, the dimen-
sions of the RBC square (largest central square) must be
slightly larger than 1 mm > 1 mm, as indeed they are
(the exact dimensions of the smallest squares (1/400
mm?2) are etched on the chamber surface.

For RBC Counting

The red cells are counted in 4 corner groups and one
central group of medium squares, each of which has
16 smallest squares, i.e. in a total of 80 smallest
squares.
Area of smallest square = 1/20 mm % 1/20 mm
= 1/400 mm?

Since the depth of the chamber is 1/10 mm, the
Volume of the smallest square = 1/400 x<1/10

= 1/4000 mm?.

For WBC (Total Leukocyte) Counting

This count is done in the 4 corner groups of large
squares, each of which has 16 medium squares.

Area of one medium = 1/4 mm < 1/4 mm

square = 1/16 mm?.
Volume of this square = 1/16 mm? x 1/10 mm
= 1/160 mm?.

Thoma’s Chamber. In this counting chamber,
not used now, the central depressed platform
is circular. The grid is only 1 mm?, consisting
of 25 groups of 16 smallest squares each. The
dimensions of the smallest squares are the same, i.e.
1/20 mm x 1/20 mm. The 1 mm squares at the
corners are absent.

Old Neubauer Chamber. There are nine 1 mm
squares. The 4 corner groups of 16 squares each



are for WBC counting, while the central 1 mm? area
has 16 groups of 16 squares each for RBC counting
(rather than 25 groups of 16 smallest squares as in
improved Neubauer chamber). The medium squares
are separated by triple lines.

Focusing the Counting Grid

Examine the grid on each floor piece, without the

coverslip, under low and high magnifications. Rack

the condenser up and down, closing/adjusting the

diaphragm at the same time. Find out the best

combination of these two that shows the grid lines and

squares clearly. When properly focused, the rulings

(lines) appear as translucent darkish lines.

®* With low magnification of 100 times, one large
square, 1 mm x 1 mm is visible in one field, i.e. a
group of 16 medium squares (for WBC counting),
or a groups of 25 medium squares (for RBC
counting).

® Examine the squares under high magnification.
Compare what you see with the diagram of
Figure 1-8 and identify, understand, and draw the
dimensions of various squares in your workbook.

Charging the Counting Chamber

Charging the chamber requires patience, practice,
and understanding of how to correctly judge the size
of the drop, the angle at which the pipette should be
held on the floor piece and the time needed for filling
(charging) the chamber. This is called the “speed of
the pipette”. Obviously, it varies with the size of the
capillary bore in the stem of the pipette.
®* High-speed pipette. Since the bore of the WBC
pipette is wider, a drop will form more quickly at its
tip, and it will be larger, as compared to the RBC
pipette. This requires that this pipette should be
held more horizontally—say, at an angle of 10—-20°
and for a shorter time.
® Slow-speed pipette. The bore of the RBC pipette
being narrow, it will take a longer time for a suit-
able drop to form. It should, therefore, be held at
a steeper angle—say, 60—70°.
It is for this reason that the students should first
practice charging a chamber with the RBC pipette and
then with the WBC pipette.
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PROCEDURES

1. Assuming that the blood and the diluent have
been properly mixed, the next step is to charge
the chamber. Place a coverslip on the chamber
so that it spans the floor pieces and the trenches
around them—a process called “centering” the
coverslip.

2. Roll the pipette once more between your palms to
mix the contents of the bulb. If this precaution is
not taken the counts are bound to be unreliable.

3. Keeping your finger over the top of the pipette
and releasing it in a controlled manner, allow the
first 2 drops to drain by gravity. This fluid contains
cell-free diluting fluid in the stem which has not
taken any part in the dilution of blood.

4. Hold the pipette at an appropriate angle
(depending on the speed of the pipette) and
watching carefully, allow a drop of diluted blood
to form at its tip. Then quickly place the tip of the
pipette on the floor piece in gentle contact with
the edge of the coverslip. As the surface of the
drop touches the coverslip, the fluid will run under
it by capillarity and form a uniform film. Lift the
pipette as soon as the floor piece is covered with
diluted blood.
® The chamber should be charged at one go

and not in parts. For this, one needs a drop of
proper size. Try to achieve an ideally-charged
chamber.

Ideally-charged chamber

An ideally-charged chamber is completely filled with

diluted blood. If any blood flows into the trenches, it

is called “overcharging”. If the fluid is insufficient
to cover the floor piece, or if there are air bubbles, it
is called “undercharging”, (air bubbles are formed
if the coverslip or the floor piece is dirty with grease
or is moist).
® |f there is over or under-charging, wash the
chamber and coverslip in soap and water, dry
them and recharge the chamber.

5. Once the chamber has been properly charged,
move it to the microscope. Wait for 2—3 minutes
so that the cells settle down. Counting cannot be
started when the cells are moving and changing
places due to currents in the fluid.
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Counting the cells. Focus the appropriate
squares under the required magnification and
start counting as described in Expts 1-8 (RBC)
and 1-11 (WBC).

PRECAUTIONS

1. Ensure that the counting chamber and the
coverslip are absolutely clean, grease-free, and
dry.

2. While charging the chamber ensure that it is
neither under nor over-charged.

3. Never bring the objective lens down while looking
into the microscope as the chamber is likely to be
scratched or broken.

1-6

QUESTIONS

Q.1 Whatis the principle underlying the use of
a counting chamber?
See page 23.

Q.2 What are the dimensions of WBC and RBC
squares?
See page 29.

Q.3 What are the features of an ideally-charged
chamber?
See page 31.

Q.4 How does the improved Neubauer cham-
ber differ from the older variety of Neubauer
chamber?

See page 30.

Examination of Fresh Blood:

A. Drop Preparation,

B. Preparing a Peripheral Blood Film

A. DROP PRESENTATION

The first and obvious way to study the cells of the
blood is to examine fresh blood under the microscope
in the form of a drop preparation and in a thin blood
film or smear made on a glass slide.

In this experiment, the students will examine some
features of blood cells and record their observations.
They will also practice making (preparing) blood
films and examine them without staining. In later
experiments, they will prepare and stain blood
smears and identify and count various blood cells,
reticulocytes, and platelets.
® Anticoagulated blood obtained from a student

volunteer, or spare blood obtained from the clinical
laboratory may be provided to the students to
avoid skin pricks at this time (a drop of blood can
be put on the slide without touching it). Students
may also use their own blood from skin pricks.

APPARATUS AND MATERIALS

1. Disposable, sterile blood lancet/pricking needle.
® Sterile cotton/gauze swabs
® 70% alcohol/methylated spirit.

2. 8-10 thin, absolutely transparent, grease-free
standard glass slides (75 mm < 25 mm).
® Vaseline
® Toothpicks.

Important
Once cleaned, do not touch the surfaces of the glass
slides and coverslips.

PROCEDURES

While you prepare the drop preparation, your work-
partner can make blood films from the same finger-
prick blood.



1. Get a finger-prick under aseptic conditions.
Discard the first 2 drops and allow a good drop
to form. Holding a coverslip by its edges between
your thumb and finger, touch its center to the
blood drop, thus forming a bead.

2. Invert and carefully drop the coverslip (along with
the blood drop under it) in the center of a glass
slide. Do not press. The blood drop will spread
into a thick film by the weight of the coverslip.

3. Using a toothpick, apply a little vaseline all around
the edges of the coverslip to seal the capillary
space under it. This will prevent evaporation of
water and drying up of the preparation.

4. Examine the preparation under low and high
magnifications and record your observations.

OBSERVATIONS

Note the degree of separation of cells. Do they lie in
a single layer or in 2, 3 or more layers? The red cells
are non-nucleated, flat biconcave disks, round, oval
or pear-shaped, thinner in the center and appear as
colorless, or pale pink structures. (When stained with
Leishman’s stain, they appear dull orange-pink). Note
if there is any rouleaux formation (cells lying on top
of each other like a pile of coins) and the number
of cells in a rouleaux. Observe if any leukocytes are
seen, and their types if possible. Do they show any
ameboid movement? Do you see any platelets—in
clumps, or showing disintegration? After a time you
may see fibrin threads when clotting starts.

B. PREPARATION OF A BLOOD FILM
(BLOOD SMEAR)

Blood films can be made from anticoagulated, or
finger-prick blood. (See Expt 1-12)

PROCEDURES

1. Place 3 or 4 slides on a white sheet of paper on
your work-table, the surface of which should be
even and smooth.

2. Allow a medium-sized drop of blood to form on
the finger-tip.

3. Steady the pricked finger of your partner with your
left hand. Lift a slide from the table, holding it
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along its long edges. Then touch its center, about
1 cm from the narrow end, to the blood drop. (If
anticoagulated blood is being used place a drop
of blood in a similar position with a dropper).

Do not apply the blood drop at the finger to
the slide placed on the table. One cannot see the
amount of blood placed on the slide.

4. Place the slide flat on the table, with the blood
drop to the right side (neither your fingers, nor
the skin of the subject’s finger should touch the
surface of the slide).

5. Support the left end of the slide with your thumb
and fingers of your left hand. Now grasp the long
edges of a second slide, the “spreader”, between
thumb and fingers of your right hand, so that its
free left end extends downwards and to the left
at an angle of about 40° to the horizontal.

6. Place the narrow edge of the spreader on the first
slide, at an angle of 40°, just in front of the blood
drop (step 1, Figure 1-9). Pull the spreader back
gently so that it touches the front of the blood
drop. Hold it there, (or move it a little from side
to side) till the blood, moving along the junction
of the two slides by capillarity, almost reaches
the ends of the spreader, except the last 2 mm
on each side, thus distributing the blood evenly
across its width. (If the blood drop is too big, you

Figure 1-9: (A) Method of spreading a blood film. Step 1:
The spreader is placed in front of the blood drop and pulled
back till it touches the blood. Step 2: Spreader is pushed
forwards to spread the film. (B) The appearance of a well-
prepared film, showing the movement of the objective over it
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may start to spread the smear before the whole
of the blood spreads along the slide).

7. Steady the first slide with your left hand, and
maintaining a light but even pressure and 40°
angle (step 2, Figure 1-9), move the spreader
forwards to the left in a single, smooth, fairly fast
gliding motion, pulling the blood behind it in the
form of a thin smear.

The smear should be spread in about half a
second. Any hesitation will result in striations in
the film.

8. Make as many trials as possible to get acceptable
films, keeping in mind the features of an ideal
blood smear, as described below. Dry the film by
waving the slide in the air (Do not try to blot-dry
the film).

OBSERVATIONS

Examine the slides against diffuse light, with naked
eye. What is the color of the smear? Does it appear
thick, thin, or granular? Are there any striations—
longitudinal or transverse? Are there any vacant
places in the film? Is it uniformly distributed in
the middle two-thirds of the slide? Is its head—the
starting point, straight and about 1 cm from the end?
Are its edges about 2 mm from the long sides of the
slide? Is there a tail? Try to answer all these questions.

Examine the slides under low and high magnification.
Describe what you see about the various cells and

compare with what you saw in the drop preparation.

Features of an Ideal Blood Film

1. The blood film should occupy the middle two-thirds
(about 5 cm) of the slide, with a clear margin of
about 2 mm on either side.

2. Iltshould be tongue-shaped, i.e. broad at the head
(starting point), and taper towards the other end,
but without any ‘tails’.

3. It should be translucent, uniformly thick
throughout, with no vacant areas, striations
(longitudinal or transverse), or ‘granular’ areas.

4. It should be neither very thick nor very thin (this
can be learned only with practice). A thin film
looks faintly pink against a white surface, while

a thick smear appears red. An ideal film appears
‘buff’ colored.

. Thered cells, as seen under the microscope, should

lie separately from each other, just touching here
and there, but without any crowding, or rouleaux
formation.

Note

A thick blood film results from taking too large a drop
of blood, a faster movement, and a smaller angle of the
spreader.

PRECAUTIONS

1.

The slides should be absolutely free from dust
and grease, because blood will not stick to areas
where oils from your fingers have been left. New
slides should be preferred. But if old ones are
to be used, they should be properly cleaned, as
described below.

. The edge of the spreader should be smooth and

not chipped, otherwise the slide would leave
striations along or across the smear. Leukocytes
may also be caught in chipped places and be
carried towards the tail.
When applying the slide to the blood drop from a
finger-prick, do not touch the skin with the slide,
but only the periphery (top) of the blood drop.
This is to avoid taking up epidermal squames or
sweat.
The blood should be spread immediately after
taking it on the slide. Any delay will cause
clumping of cells due to partial coagulation. This
will give a ‘granular’ appearance to the blood film,
which is visible to the naked eye.
The angle of the spreader should be 35° to 40°.
The more the angle of the spreader approaches
the vertical, the thinner the film, and the lesser
the angle, the thicker the film.
The pressure of the spreader on the slide should
be slight and even and the pushing should be
fairly quick while maintaining a uniform pressure
throughout.
. The film should be dried by waving it in the
air immediately after spreading it. A delay can
cause not only clumping, but also crenation and



distortion of red cells in a damp atmosphere
(if water is allowed to slowly evaporate from the
blood plasma on the slide, crenation occurs due
to gradual increase in the concentration of salts).

8. By turning the spreader over, you can use it to
make 4 blood films.

Cleaning the Slides

Prepare acid-dichromate solution by mixing 1 part
of concentrated sulfuric or nitric acid with 9 parts of
2—-3% potassium dichromate solution.

1. Wash the slides and coverslips with soap and water
and rinse in running water. Then soak them over-
night in the acid-dichromate solution. Follow this
with a wash in running water, then in distilled water.
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STUDENT OBJECTIVES

After completing this experiment you should be able to:
1. Indicate the relevance of this estimation.
2. Which characteristics of hemoglobin can be used to
estimate its concentration?
3. Explain the absolute and relative Hb scales.
4. Determine the Hb level by the Sahli‘s acid hematin
method.
5. List the sources and degree of error in this method.
6. Name the advantages and disadvantages of this
method.
7. Name other methods of estimation of Hb.
8. Indicate normal levels of Hb in different age groups
and sexes.
9. Describe the structure, synthesis, and functions of Hb.
10. Name the varieties and derivatives of Hb.
11. Name the common causes of increased and
decreased levels of Hb.
12. Classify anemias, and mention the commonest type
of anemia in India.

Relevance Sources and degree of

error
Hemoglobinometry Observations and
Basis results
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2. Dip the slides in 90-95% alcohol and dry with a

clean, lint-free cloth.

® Another method is to use a good detergent
for overnight soak in place of acid-dichromate
solution.

® The acid-dichromate solution is best kept
in a 1-2 litre, wide-mouth jar. After washing
the used slides, they are put in this jar.
The slides can then be treated as described
above.

QUESTIONS

The Questions/Answers are listed with Expt
1-12 on staining a blood film and doing the differential
cell counts.

Estimation of Hemoglobin

Absolute and relative Normal values

Hb scales Advantages and disad-
vantages of Sahli‘s
method

Principle Other methods of Hb
estimation

Apparatus and Materials Precautions

Procedures Questions

Relevance

The hemoglobin concentration is always estimated
as part of routine tests in outpatients department
and also as a bedside test in indoor patients. It is
indicated as part of complete hematological studies
in all diseases of blood, especially all types of
anemias, leukemias, and in chronic diseases such as
tuberculosis, chronic infections, malignancies, renal
failure, etc.

Hemoglobinometry

The term refers to measurement of the concentration
(amount) of Hb in the blood. For this purpose,
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advantage is taken of the following characteristics

of Hb:

1. Ability to combine with oxygen.

2. Presence of known amount of iron in each gram
of Hb.

3. Ability of a solution of a derivative of Hb to refract
specific wavelengths of light, thus giving typical
absorption bands.

Based on these features of Hb, the various methods
can be grouped into the following categories:

I. Gasometric method. The Hb is fully saturated
with oxygen and its amount is then measured
with van Slyke apparatus. Though very accurate,
the method is time-consuming and tedious.

11. Visual color comparison. This group includes
Sahli, Haldane, and Tallgvist methods. The Sahli
method is the most acceptable since the golden
brown color of acid hematin is much easier to match
with the standard than the red color of oxyHb.

I1l. Spectrophotometric methods. The Hb is
converted to other compounds (e.g. cyanmetHb,
carboxyHb, alkaline hematin), and by using defi-
nite wavelengths of light; each of the derivatives
can be measured.

IV. Electronic hematology analyzer. The
electronic analyzer, along with cell counts, can
also provide Hb concentration automatically. A
hemolyzing agent is added to the diluted blood
to release the Hb, which reacts with potassium
ferricyanide and potassium cyanide in the
solution to produce cyanmetHb. The cyanmetHb
is then measured by spectophotometry.

V. Other methods. These include: estimation of
iron content of blood, and the copper sulphate
specific gravity method.

Note

Since many of the above methods are unsuitable for
routine use, indirect methods based on color comparison
are used. However, a standard solution of a derivative
(e.g. acid hematin) cannot be used, as its color will fade
with time. Also there are personal errors in preparing
standard solutions. To overcome these drawbacks, per-
manent colored glass rods, exactly matching the color
of standard solution, are provided with the apparatus.
Though these glass rods or strips maintain their color
for a long time, they can be got tested from the National
Standards Institute.

Absolute and Relative Hemoglobin Scales

In the past, when deciding the color density of the
standard solutions in different methods, the same
amount of blood was not taken. And since the earlier
Hb tubes were calibrated only in percentage of normal,
one had to know how much Hb was represented by
100% in each case. For example, a sample of blood
containing 14.5 g/dl Hb would report 87% Hb by Sahli,
108% by Haldane, and 100% by Wintrobe methods,
and so on. The values for 100% Hb by these methods
are given below:

Sahli =17.0%
Haldane = 13.8 %
Wintrobe = 14.5 %

To avoid this confusion, the practice of expressing
Hb in “percentage” has been discarded and the Hb
tubes are now graduated directly in g%. However,
most manufacturers needlessly continue to indicate
percentages in addition to readings in grams percent
on the Hb tubes.

Sahli-Adams = 14.5 %

Dare = 16.0 %

PRINCIPLE

The Hb present in a measured amount of blood
is converted by dilute hydrochloric acid into acid
hematin, which in dilution is golden brown in color. The
intensity of color depends on the concentration of acid
hematin which, in turn, depends on the concentration
of Hb. The color of the solution (i.e. its hue and depth),
after dilution with water, is matched against golden-
brown tinted glass rods by direct vision. The readings
are obtained in g%.

APPARATUS AND MATERIALS

A. Sahli (Sahli-Adams) Hemoglobinometer

(Hemometer). The set consists of:

1. Comparator. It is a rectangular plastic box with
a slot in the middle which accommodates the
calibrated Hb tube. Non-fading, standardized,
golden-brown glass rods are fitted on each side
of the slot for matching the color. An opaque
white glass (or plastic) is fitted behind the slot to
provide uniform illumination during direct visual
color matching.



2. Hemoglobin tube. The square or round glass
tube is calibrated in g Hb % (2-24 g%) in
yellow color on one side, and in percentage Hb
(20—160%) in red color on the other side. There
is a brush to clean the tube (Figure 1-10A).

3. Hemoglobin pipette. It is a glass capillary
pipette with only a single calibration mark-0.02 ml
(20 cmm, cubic millimeters; or 20 pul, micro liters).
There is no bulb in this pipette (as compared to
cell pipettes) as no dilution of blood is done.
Figure 1-10B shows the Hb pipette.

Note The calibration mark 20 cmm indicates a
definite, measured volume and not an arbitrary
volume, as is the case with diluting pipettes.

4. Stirrer. It is a thin glass rod with a flattened end
which is used for stirring and mixing the blood
and dilute acid.

5. Pasteur pipette. It is a 8-10 inch glass tube
drawn to a long thin nozzle, and has a rubber

Figure 1-10: (A) Sahli-Adam’s hemoglobin tube: It has
graduations in g% on one side, and in percentage on the
other. In this tube, 100% is equal to 14.5 g Hb per 100 ml
blood. (B) Hemoglobin pipette: It has only one marking,
indicating 20 cmm (0.02 ml, or 20 pl). There is no bulb (Inset:
Each division represents 0.2 g of Hb)
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teat. Ordinary glass dropper with a rubber teat
also serves the purpose.
6. Distilled water.
B. Decinormal (N/10) hydrochloric acid (0.1 N
HCI) solution. Mixing 36 g HCI in distilled water to
1 liter gives ‘Normal’ HCI; and diluting it 10 times will
give N/10 HCI solution.
C. Materials for skin prick.
® Sterile lancet/needle
® Sterile gauze and cotton swabs
® Methylated spirit/70% alcohol.

PROCEDURES

Review the instructions for obtaining skin-prick blood,

and filling a pipette as described in Expts 1-3 and 1-4.

1. Using a dropper, place 8-10 drops of N/10 HCI in
the Hb tube, or up to the mark 20% or 3 g, or a
little more till the tip of the pipette will submerge,
and set it aside.

2. Get a finger prick under aseptic conditions, wipe
away the first 2 drops of blood. When a large drop
of free-flowing blood has formed again, draw blood
up to the 20 cmm mark (0.02 ml). Carefully wipe
the blood sticking to the tip of the pipette with a
cotton swab, but avoid touching the bore or else
blood will be drawn out by capillarity.

Note
If any blood remains sticking to the outside of the pipette,
it will be that much extra blood in addition to 20 cmm.

3. Without any waiting, immerse the tip of the pipette
to the bottom of the acid solution and expel the
blood gently. Rinse the pipette 3—4 times by
drawing up and blowing out the clear upper part of
the acid solution till all the blood has been washed
out from it. Avoid frothing of the mixture. Note
the time.

4. Withdraw the pipette from the tube, touching it to
the side of the tube, thus ensuring that no mixture
is carried out of the tube. Mix the blood with the
acid solution with the flat end of the stirrer by
rotating and gently moving it up and down.

5. Put the Hb tube back in the comparator and let
it stand for 6-8 minutes (or as advised by the
manufacturer). During this time, the acid ruptures
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the red cells, releasing their Hb into the solution

(hemolysis). The acid acts on the Hb and converts

it into acid hematin which is deep golden brown

in color.

® The color of acid hematin does not develop fully
immediately, but its intensity increases with
time, reaching a maximum, after which it starts
to decrease. An adequate time, usually 6-8
minutes, must be allowed before its dilution is
started. Too little time and all Hb may not be
converted into acid hematin. And, waiting too
long, may result in fading of color. In either
case, the result will be falsely low.

6. Diluting and matching the color. The next step
is to dilute the acid hematin solution with distilled
water (preferably buffered water, if available) till
its color matches the color of the standard tinted
glass rods in the comparator.

Note

Each time you compare the color, lift and hold the glass
stirrer against the side of the Hb tube above the solution
(rather than taking it out completely) thus allowing it
to drain fully back into the tube. (If the stirrer is left in
the solution when comparing the color, the solution will
appear lighter).

7. Take the Hb tube out of the comparator and add
distilled water drop by drop (or larger amounts
depending on the experience), stirring the mixture
each time and comparing the color with the
standard.

8. Hold the comparator at eye level, away from your
face, against bright but diffused light. Read the
lower meniscus (lower meniscus is read in colored
transparent solutions).

Sources and Degree of Error

False results with this method may be due to:

i. Technical error. It may be due to: not taking
exactly 20 cmm blood, or not giving enough time
for formation of acid hematin, or using an old
comparator that has faded glass rods.

ii. Personal error. Generally, it is not difficult
to match color but since it is a visual method,
color matching may vary from person to person.

For example, you may think that the color is
matching, while your work-partner may consider
it lighter or darker than the standard.

The Degree of Error may be as high as 10 to 15
%. However, it can be reduced to about 5 % by taking
3 readings on the same test solution as described
below.

OBSERVATIONS AND RESULTS

Compare your color matching with that of your work-
partner and record the observations in your workbook.
Take the average of 3 readings as shown below, and
report your result as: Hb = ......... g/dl.

1st reading, when the color is slightly darker than
the standard:..................g/dl.

2nd reading, when, after adding a few drops
of distilled water, the color exactly matches the
standard: ................... g/dl.

3rd reading, when, after adding some more
drops, the color becomes a little lighter than the
standard:................... g/dl.

For report. Express your result as: Hb= ........ g/dl.

® Oxygen carrying capacity: Knowing your Hb
concentration, and that 1.0 g of Hb can carry 1.34
ml of O,, calculate its oxygen-carrying capacity as
................... ml O,/dl.

®* 100 % Saturation. When blood is equilibrated
with pure (100 %) oxygen at a PO, of 120 mm
Hg, the Hb gets 100 % saturated, i.e. it picks up
as much O, as it possibly can.

For report:
® Oxygen carrying capacity
® 100% saturation.

Normal Values

The levels of Hb in normal Indian adults, especially
in the economically deprived population, are on the
lower side of those reported from affluent countries.
The reason may be the poor intake of grade 1 proteins
and other nutrients. The average levels and their
ranges are as follows:

Males: 14.5 g/dl (13.5-18 g/dl).

Females: 12.5 g/dl (11.5-16 g/dl).



Advantages of Sahli Method

The method is simple, fairly quick, and accurate. It
does not require any costly apparatus, since it needs
only direct color matching. Its running cost is minimal
and can, therefore, be used in mass surveys.

Disadvantages of Sahli Method

Since the acid hematin is not in true solution, some
turbidity may occur. The method estimates only
the oxyHb and reduced Hb, other forms, such as
carboxyHb and metHb are not estimated. Also the
degree of error may be high if proper precautions
are not taken.

OTHER METHODS OF ESTIMATING
HEMOGLOBIN

A. Spectrophotometric methods. In these
methods, a photoelectric colorimeter is employed
to measure the amount of light absorbed by a
derivative of Hb.

1. Cyanmethemoglobin method. All forms
of Hb normally present in blood (i.e. oxyHb,
reduced Hb, carboxyHb, and metHb)
are converted into a stable compound—
cyanmetHb. The sample of blood is treated
with modified Drabkin's reagent (it contains
potassium cyanide, potassium ferricyanide,
and potassium phosphate—the last replacing
sodium bicarbonate of Drabkin'‘s reagent). The
modified reagent speeds up the conversion,
reduces turbidity, and enhances RBC lysis.
The amount of light absorbed with yellow-
green filters (peak at 450 nm) is compared
with a standard solution in a photoelectric
colorimeter. This method is the most accurate
method of estimating Hb.

2. Wu’s alkaline hematin method. The blood
is treated with N/10 NaOH, which converts
all forms of Hb into alkaline hematin, which
is in true solution. There are two methods:
the standard method and the acid-alkaline
method.

3. Haldane’s carboxyHb method. The red cells
are hemolysed in distilled water to release Hb.
Carbon monoxide is then passed through the
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solution to form carboxyHb that is bright red
in color. The color is then compared with that
of the standard.

4. OxyHb method. The blood is treated with
ammonium hydroxide or sodium carbonate.
The red cells are hemolyzed and the Hb
is converted immediately and quickly into
oxyHb. The solution is then compared with
a standard gray screen in photoelectric
colorimeter.

B. Tallqvist method. A drop of blood, absorbed on
a white filter paper is allowed to spread over the
paper to form an even spot. As soon as the blood
spot loses its shine (gloss), but before it dries, it
is matched against a scale of increasingly dark
red-colored round spots printed on a card. The
method, though quick is rather inaccurate due
to personal error. It is sometimes used in mass
surveys for anemia.

C. Iron content. The iron in blood is separated with
sulphuric acid, and its amount measured. Since 1
g of Hb contains 3.35 mg iron, the amount of Hb
can be calculated.

D. Copper sulphate falling drop method. It is
a rapid method for estimating the approximate
level of Hb, and is used in large surveys. It was
used extensively during World War Il where an
indication of the necessity for blood transfusion
was immediately required (see Expt 1-21).

PRECAUTIONS

1. All precautions mentioned for collecting finger-
prick blood, and filling the pipette must be
observed.

2. The finger should not be squeezed, and there
should not be any blood sticking to the outside of
the pipette tip.

3. Only the recommended time should be allowed
for the formation of acid hematin by the action of
acid on Hb.

4. When diluting the color of acid hematin solution,
avoid over-dilution because the color cannot be
concentrated.

5. When matching the color, the solution should be
uniformly golden brown throughout the solution.
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Dark color near the bottom of the tube indicates
poor mixing.

6. During color matching, 3 readings should be taken
to reduce the personal error.

QUESTIONS

Q.1 What is the principle on which the Sahli
method is based?
See page 36.

Q.2 Why is Sahli method most frequently em-
ployed as a routine test?
See page 38.

Q.3 What is meant by the term ‘normality’ of
a solution? What is N/10 HCI and how will you
prepare it?

The normality (N) of a solution is the number of
gram equivalents in 1 liter of water. A 1 N solution of
HCI contains 1 + 35 = 36 g of HCI in water made
to 1 liter. Diluting this solution 10 times will give
N/10 HCI.

Q.4 Can strong acids (such as nitric, sulphuric,
and hydrochloric acids) or alkalis be used in
place of decinormal HCI?

The strong acids, which are very strong oxidizing
agents, and alkalis will cause disruption of Hb and
thus cannot be used. Only N/10 HCI is used because
standardization has been done for acid hematin.

Q.5 How would estimation of Hb be affected
if less or more than 8-10 drops of N/10 HCl is
taken in the Hb tube?

If less (3—4 drops) acid is taken, the blood may
not mix well and/or may clot. All the Hb will not
be converted into acid hematin. This will result in
false low value. If much more acid is taken (say, up
to the level of 10 g), the final color developed in a
case of anemia (Hb 6—8 g%) would be much lighter
than the standard. Color matching will then not be
possible, because the color of the solution cannot be
concentrated.

Q.6 Can tap water be used for diluting and
color matching?

No, it cannot be used because its salt content
may cause turbidity which will interfere with color
matching.

Q.7 Can N/10 HCI be used (if distilled water is
not available) for diluting and color matching?
Yes, it can be used because it being transparent, it
cannot further deepen the color once all the Hb has
been converted into acid hematin.

Q.8 Why is it necessary to wait for 6—8 minutes
after adding blood to N/10 HCI solution?
See page 37.

Q.9 While matching the color, why is it impor-
tant to lift the stirrer above the solution and not
leave it there or take it out?

If the stirrer is left in the solution, it will lighten the
color (since it is translucent) and thus matching
will occur earlier. This will give a false low value.
If, however, it is taken out every time the color is
matched, it is bound to take away some of the solution
out of the tube, thus, again giving a low value.

Q.10 Which of the two scales given on the Hb
tube is preferred over the other and why?

The scale which gives the Hb concentration in a blood
sample directly in grams percent is used, as this is
what is required. The scale in percentages is of no
value, except academic interest.

Q.11 What are the normal levels and ranges of
Hb at different ages?

i. Newborns 18-22 g/dl
ii. At 3 months 14-16 g/dl
ili. 3 months—1 yr 13-15 g/dl

iv. Adult males 14.5 g/dl (13.5-17 g/dl)
12.5 g/dl (11.5-15.5 g/dl).

® There may be some decrease after age 60 years.

V. Adult females

Q.12 Compared to males, why are the hemo-
globin levels lower in females?

All other factors (age, body mass, etc.) being equal,
the levels are lower in healthy females not because of
menstrual loss of blood (20—30 ml). It is the estrogens
in the females which have an inhibitory effect on the
secretion of erythropoietin (EP) which is the main
stimulant of red cell production. Also, the androgens
(mainly testosterone) have a stimulatory effect on
EP secretion. Both these factors tend to keep the red
cell count higher in males.

Q.13 Why is the hemoglobin level high in the
newborns?



The Hb may be as high as 20-22 g/dl at the time
of birth due to the high red cell count (> 6 million/
mm3). The newborn has been living in state of
relative hypoxia, which is a very potent stimulus for
the secretion of EP. As age advances the Hb levels
decrease, and adult levels are reached in a few years.

Q.14 What would happen if Hb were present
freely in the plasma instead of in the red cells?
Normally, only a very small amount is present in the
plasma—about 3 mg/dl, most of it being confined to
red cells. If it were present in the plasma, it would
increase the viscosity (thus raising blood pressure),
and the osmotic pressure of blood (thus affecting fluid
exchanges). It would also be excreted in the urine,
besides being taken up and rapidly destroyed by the
reticuloendothelial system.

Q.15 What are the common causes of increased
and decreased Hb readings?
Hb readings (apparent levels) may show an increase
or decrease due to experimental error, or increase or
decrease of red cell count.
A. Increased level of Hb may be due to:
1. Experimental Error
i. Blood taken more than 20 cmm or blood
sticking to the outside of the pipette tip
ii. Fading of colored glass standards (rods).
2. High Red Cell Count
i. Physiological: males, newborns, high
altitude, etc.
ii. Pathological: polycythemia/hypoxia due
to heart or lung diseases.
B. Decreased level of Hb may be due to:
1. Experimental error
i. Blood sample diluted with tissue fluid
ii. Blood taken is less than 20 cmm
iii. Color of acid hematin not allowed to
develop fully.
C. Decreased red cell count.
i. Physiological: females during pregnancy
(hemodilution)
ii. All cases of anemia.

Q.16 What is the structure of hemoglobin,
where is it synthesized, and what are the ma-
terials required for its synthesis?

Hemoglobin (mw 64,450) is a chromoprotein present
in the red cells, and gives red color to the whole
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blood. It constitutes 95% of dry weight and 32—-34%
wet weight of red cells. It is a globular molecule
consisting of 4 subunits. Each subunit consists of
heme conjugated to a polypeptide chain. Two subunits
contain alpha (o)) chains (141 amino acid residues),
while the other two contain beta () chains (146
amino acid residues). The four polypeptide chains
taken together make up the protein part called globin.
(Globin constitutes 96% of the molecular mass of Hb).
The heme is an iron containing porphyrin pigment,
called iron protoporphyrin IX. The porphyrin nucleus
has 4 pyrrole rings synthesized from acetyl CoA and
glycine.

The synthesis of Hb begins in the proerythroblast,
though it appears first in the intermediate normoblast,
and continues till the reticulocyte stage. The materials
required for Hb synthesis include: grade 1 proteins,
metals such as iron, copper, nickel, cobalt, and
vitamins such as vitamin C, pyridoxin, riboflavin,
nicotinic acid.

Q.17 Name some derivatives of hemoglobin.

1. Oxyhemoglobin. There is a loose and reversible
binding of oxygen with one of the coordination
bonds of the iron atom. Since Hb contains 4 iron
atoms, each molecule of Hb carries 4 molecules
of oxygen.

2. Reduced hemoglobin. It results from release of
O, from oxyHb.

3. Carbaminohemoglobin. In this, CO, is attached
to the globin part of Hb. The affinity of Hb for CO,
is about 20 times that for oxygen.

4. Carboxyhemoglobin. Carbon monoxide is
attached to Hb where O, is normally attached.
The affinity of Hb for CO is 200-300 times that
for O,. It is normally present in small amounts,
but in large amount in smokers in whom it impairs
O, transport.

5. Methemoglobin. When blood is exposed to
some drugs, or oxidizing agents in vitro or in
vivo, the ferrous iron of Hb is converted into
ferric iron, forming metHb, which is dark in color.
When present in large amounts, it gives a dusky
appearance to the skin. Small amounts of metHb
are formed normally but an enzyme system
converts it back to Hb.
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6. Sulfhemoglobin. It is formed by the action of
some drugs and chemicals (e.g. sulphonamides),
the reaction being irreversible.

7. Cyanmethemoglobin (hemiglobincyanide).
It is formed by the action of cyanide on Hb.
(Hemoglobin is metHb).

Q.18 What are the different varieties of hemo-
globin and what is their significance?
The amino acid sequences of the polypeptide chains
are determined by the globin genes. Slight variations
in their composition can alter the properties of Hb.
i. HbA (o, B,): About 95% of Hb in a normal adult
is HbA.

ii. HbA, (o, d8,): About 2-5% of Hb in an adult is
HbA,.

iii. HbF (o v,): During fetal life HbF predominates, in
which 2 gamma chains replace the 2 beta chains.
The gamma chains also contain 146 amino acid
residues but have 37 that differ from those in
beta chains. Since HbF has less affinity to 2-3
BPG, it can accept greater amounts of O, from
mother’s blood at low PO,.

Diffusion of CO, from fetal blood into mother’s
blood causes alkalinity of fetal blood and acidity
of mother’s blood. This causes increase in the
affinity of fetal Hb for O,, and release of O, from
mother’s Hb—this has been called double Bohr
effect.

In young embryos, there are in addition 2 zeta
(&) and 2 epsilon (g,) chains, forming Gower 1
Hb (; €,) and Gower 2 Hb, that contains 2 alpha
and 2 epsilon chains (o, €,).

iv. HbA,.is characterized by o, and 3, globin chains.
HbA,. is formed by the covalent binding of glucose
to HbA. The levels of HbA,. increase in poorly
controlled diabetes mellitus.

Abnormal Hemoglobins

Sometimes, abnormal polypeptide chains are
synthesized due to mutant genes. These defects are
widespread and over 1000 abnormal hemoglobins
have been described in humans. They are usually
identified by letters.

In HbS (sickle cell anemia), the alpha chains are
normal but in each beta chain, one glutamic acid
residue has been replaced by a valine residue. HbS
polymerizes at low O, tensions and forms elongated

crystals (often 15 um long) inside the RBCs, which
assume sickle shapes. They pass through small
capillaries with difficulty, and the spiked ends of
the crystals cause rupture of these cells resulting in
anemia.

In HbC, there are 2 alpha and 2 beta chains. The
glutamate of beta chains in 6th position is replaced by
lysine residue. HbC disease occurs in black population.
HbD has also 2 alpha and 2 beta chains. However,
glutamine replaces glutamate in 12th position of beta
chains. HbE, I, J, H, Barts, etc. are other abnormal
hemoglobins. Many of these are harmless while some
have abnormal O, equilibriums and cause anemia.

The abnormal hemoglobins are associated with
two types of inherited anemias:

i. Hemoglobinopathies. These are due to
abnormal chains.

ii. Thalassemias. The chains are normal, but
are less in amount or even absent. The o and 8
thalassemias are defined by decreased or even
absent o and p polypeptides. The defects in the
genes are in their regulatory proteins.

Q.19 How does adult Hb differ from fetal Hb?
The differences between the two hemoglobins are:

Adult hemoglobin Fetal hemoglobin

1. Contains 4 polypep- 1. The 2 beta chains
tide chains (2 alpha replaced by gamma
and 2 beta) chains

2. Appears in red cells 2. HbF at birth makes

of the fetus in 5th
month. At birth 20%
of total Hb is HbA

up 80% of total Hb.
Disappears by 5th
month after birth

3. Life span long—120 3.
days

Life span short—
about 2 weeks

4. It has the usual af- 4.
finity for oxygen

It has greater affin-
ity for oxygen as it
binds 2, 3 BGP less
avidly

5. Percentage satura- 5.
tion at a PO, of 20
mm Hg = 30-35%

Percentage satura-
tion at PO, of 20 mm
Hg = 70%.

Q.20 What is the fate of hemoglobin?

Old and effete red cells, and their fragments in the
blood are ingested by the tissue macrophages, largely
in the spleen and liver. Here iron and globin are split



apart and stored in their respective pools for reuse.
The protoporphyrins from the breakdown of heme
(this is the only reaction in the body where carbon
monoxide is formed) are converted into biliverdin and
bilirubin (the bile pigments) which are excreted in bile
and then into urine and feces.

Q.21 What are the functions of hemoglobin?

1. Carriage of oxygen. It carries O, from the
lungs to all the tissues. Each iron atom loosely
binds one molecule of O, at the 6th covalent or
coordination bond. Each gram of Hb, when fully
saturated, carries 1.34 ml of O, (1.39 ml by pure
Hb). The affinity of Hb for O, is affected by pH,
H*, temperature, and 2—3 BPG.

2. Carriage of CO,. Hb carries about 23 % of the
total CO, carried by the blood from the tissues to
the lungs. The CO, reacts with the amino radicals
of the goblin to form carbaminoHb—a reversible
reaction that occurs with a loose bond.

3. Homeostasis of pH (buffer action of Hb) Buffer
systems convert strong acids and bases (which
ionize easily and contribute H* or OH") into weak
acids and bases that do not ionize as much to
contribute H* or OH~. As H* or OH~are formed in
red cells, or enter them, they are readily accepted
by Hb (Hb + H = HbH) that gives up its oxygen.
Hb is an excellent buffer and is responsible for
75% of the buffering power of blood. In fact all
proteins act as buffers because of the terminal
carboxyl and amino groups.

4. Stabilization of tissue PO,. Hb is mainly
responsible for stabilizing PO, in the tissues
because sufficient amounts of O, are delivered
between a PO, of 20 and 40 mmHg.

5. Regulation of blood flow and blood pressure.
In addition to the key role of Hb in carriage of O,
and CO,, Hb also plays a role in the regulation of
local blood flow and blood pressure.

The iron ions of Hb have a strong affinity for
nitric oxide (NO), a local vasodilator gas produced
on demand by the vascular endothelium (NO was
formerly called “endothelium derived relaxing factor
(EDRF)”. The action of NO is immediate but very brief.

In the tissues, the reduced Hb, in addition to
picking up CO, also picks up and removes excess
of NO. The lack or removal of NO tends to cause
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vasoconstriction due to contraction of vascular smooth
muscle. The result is decrease in blood flow and rise of
blood pressure. In the lungs the CO, is exhaled, and
NO being a highly reactive free radical, combines with
O, and water to form inactive nitrates and nitrites.
The Hb now picks another form of NO (along with
fresh O,) called super nitric oxide (SNO) formed in
the lungs. In the tissues, Hb gives up O,, while SNO
causes vasodilatation of resistance vessels. (The Hb
also picks up excess NO here). Thus, by transporting
NO and SNO throughout the body, Hb helps to
regulate peripheral resistance and, thus, blood flow
and pressure.

Note

Blocking the synthesis of NO in experimental animals
causes a prompt rise in blood pressure. This suggests
that a tonic release of NO is essential for maintaining
normal blood pressure. (Being a hormone and a neu-
rotransmitter, NO has been shown to have a variety of
other physiological functions).

Q.22 What is anemia and how is it graded ac-
cording to Hb concentration? What are its com-
mon causes in India?
Anemia is a condition in which the oxygen carrying
capacity of blood is reduced. There are many kinds
of anemia, and in all anemias there is a decreased
concentration of Hb, usually below 11-12 g/dl as a
result of decrease in red cell mass (RBC count below
4—-4.5 million/mm3).

Depending on Hb concentration, anemia may be:

Mild: Hb =10 - 12 g/dl
Moderate: Hb =7 — 9 g/dI
Severe: Hb = Below 6 g/dI

The common causes of anemia in India are
i. Chronic loss of blood
ii. Deficiency of nutrients.

Q.23 What are the common causes of anemia
and how will you classify it ?
Normally, about 1% of RBCs are destroyed daily (cells
present in about 50 ml of blood) and equal numbers
(about 3 million/second) enter the circulation. Anemia
may be caused when more cells are lost, or when less
cells are produced, or both. Anemia will develop if:
i. Red cell production is normal but loss is
increased.
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ii. Red cell production is decreased but loss remains
normal.

iii. Red cell production is decreased and loss is also

increased.

Classification of anemia. The anemia may be

classified on the basis of morphology of red cells, or

the etiology (causes) of anemia:

A. Depending on the size and saturation of

red cells with Hb, anemia may be microcytic,

normocytic, or macrocytic, and each type may be
hypochromic, or normochromic. For example, iron
deficiency anemia is usually microcytic hypochromic.

B, and folic acid deficiency anemia is macrocytic

normochromic (there can be no hyperchromic anemia

because the saturation of red cells with Hb cannot

exceed the normal upper limit of 36%).

B. Depending on the etiology (causation) of

anemia. Depending on the cause, the anemia may

be grouped into:

a. Anemias due to excessive RBC loss or destruction.

b. Anemias due to inadequate RBC production.

c. Anemias due to excessive loss and decreased
production of RBCs.

1. Blood Loss (hemorrhagic) anemia. The loss of
blood (i.e. RBCs) through bleeding may be mild or
severe, internal or external, and acute or chronic
(prolonged). The anemia is usually normocytic.
The common causes include: large wounds,
bleeding piles, peptic ulcer, hookworm infestation,
malarial parasites, or heavy menstruation. Enough
iron cannot be absorbed to make up for the loss.

2. Hemolytic anemias. The red cell plasma
membranes (cell membranes) rupture prematurely
and pour their Hb into the plasma (hemolysis).

It may be inherited or acquired:

a. Inherited. Structural abnormalities
(spherocytosis, sickle cells, etc.), enzyme
deficiencies (glutathione reductase).
Thalassemia is a group of hereditary anemias
associated with deficient synthesis of Hb. The
RBCs are microcytic and short-lived.

b. Acquired. The hemolysis of red cells may
result from parasites (malaria), bacterial
toxins, snake venom, adverse drug reactions
(aspirin), autoimmunity, etc.

3. Nutritional (deficiency) anemias. These are
due to lack of essential nutrients such as iron,
vitamin B,,, folic acid, etc.

a. Iron deficiency anemia. This is the most
common type of anemia. It may be caused
by insufficient intake, inadequate absorption
from Gl tract, increased iron requirements, or
excessive loss of iron. Women are more likely
to get it because of menstrual blood losses
and increased iron demands of growing fetus
during pregnancy.

b. Deficiency of vitamins B,, and folic acid
(folate). Both of these vitamins are required
for normal erythropoiesis. Deficiency of either
causes anemia. There is a derangement of
DNA synthesis (DNA is required by dividing
cells). As a result, large immature, nucleated
red cell precursors (megaloblasts) appear in
the circulating blood; their life span is also
short—about 40 days (red cell production
cannot keep pace with their destruction,
hence anemia). The large mature red cells
(macrocytes) are fully saturated with Hb.

Deficiency of B,, may be due to: (1) inadequate
intake, as in pure vegetarians (‘vegans’) because
vegetables and fruits contain very little or no

Bi,; (2) lack of intrinsic factor (IF), which is a

glycoprotein produced by gastric parietal cells that

helps in the absorption of By,. The IF binds with

B,, in food (in this bound state, B,, is protected

from being digested by GIT enzymes) and both

are absorbed together in distal ileum. B;, then
gets freed from the IF and is released into portal
blood. The basic abnormality is the destruction
of parietal cells by autoimmune antibodies in
the disease called atrophic gastritis (total
gastrectomy can also lead to B,, deficiency).

The result is that the patient develops a type of

anemia called pernicious anemia, or Addison’s

anemia. Nervous lesions occur ultimately.
Deficiency of folic acid is a nutritional disease

and is more common than B, deficiency. Like B,,

deficiency, folic acid deficiency is characterized by

macrocytic anemia. Production of IF and HCI is
normal. In patients with intestinal malabsorption



(e.g. sprue) there is a serious difficulty in
absorbing folic acid (and B,,).

4. Aplastic anemia. There is suppression or de-
struction of red bone marrow due to overexposure
to ionizing radiations (gamma rays, X-rays); ad-
verse drug reactions that inhibit enzymes needed
for erythropoiesis (drugs such as chloramphenicol,
sulphonamides, and cytotoxic drugs used in treat-
ment of cancers may cause this anemia). Certain
poisons and severe infection may also produce
aplastic anemia. The anemia is usually nomocytic.

5. Anemias due to chronic diseases. Tuberculosis,
chronic infections, cancers, lung diseases, etc.
frequently cause anemia. The mechanism of
causation is complex. The tissue macrophages are
believed to become activated so that red cells are
removed from the blood faster than they can be
produced by the bone marrow.

This type of anemia is diagnosed by determining
various blood indices and absolute corpuscular
values, as described in the next experiment.
Estimation of levels of iron, vitamins, intrinsic
factor, etc. are also done.

Q.24 What are the signs and symptoms of
anemia?
Symptoms (They are what the patient complains
of or experiences). The person complains of fatigue
and cannot tolerate cold; both of these symptoms are
due to lack of oxygen that is needed for production
of ATP and heat. Other symptoms are breathlessness
(dyspnea) on exertion, or even at rest, palpitation
(unpleasant awareness of heart beat), loss of
appetite, and bowel disturbances.

Signs are what can be seen by the doctor on
examination of the patient. The signs of anemia
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include paleness of skin and mucous membranes (the
paleness of these tissues is due to low red-colored Hb
in their capillaries), especially the inside of cheeks,
gums, underside of tongue. (These are the sites where
one looks for anemia during the clinical examination
of a person. The nail-beds, and the surface of the
tongue—which may be red due to glossitis, are not
the ideal sites for this purpose). In chronic cases of
anemia, there may be spoon-shaped nails and even
retinal hemorrhages. Some cases may show cardiac
enlargement and heart failure.

Q.25 Name some other methods for the es-
timation of hemoglobin. Which method is not
accurate?

See page 38.

OSPE

Aim: To convert a known volume of blood sample into

acid hematin using the apparatus provided.

Procedural steps: See page 37.

Checklist:

1. Selects the Hb pipette and tube and checks that
they are clean and dry. (Y/N)

2. Takes N/10 in the Hb tube up to the mark 20% or
3 g %. (Y/N)

3. Shakes the container of blood and draws blood
into the pipette exactly to the mark 20 pl (Y/N)

4. Wipes off blood from the tip of the pipette and

blows out the blood into acid solution. (Y/N)
5. Rinses the pipette several times into acid solution.
Notes the time. (Y/N)
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1-8

STUDENT OBJECTIVES

After completing this experiment, you should be able to:

. Describe the relevance of doing red cell count.

. Identify the RBC pipette; fill it with blood and diluent.

. Charge the counting chamber and count the red cells.

. Describe the composition of diluting fluid and the
function of each component.

. Give the normal RBC count in different age groups.

6. Describe the site and stages of erythropoiesis, and

factors that regulate it.
7. Explain the causes of anemia and polycythemia.

A WNPR

a

Relevance
Principle. Calculation of dilution
Apparatus and obtained.
materials.
Calculation of volume
of fluid examined.
Procedures. Degree and sources of
error.
Filling the pipette ¢ Pipette error.
with blood and e Field error.
diluting it. e Chamber error.
Charging the chamber. e Experimental error.
Counting the cells. Normal red cell count.
Rules for counting. Precautions.
Questions.
Relevance

Since there is likely to be a high degree of error in
RBC counting by the manual method, this count
by itself may not be of much clinical significance.
Estimation of Hb, being less time-consuming and
more accurate, can give the required information in
a patient. Nevertheless, RBC count, if done carefully
and as part of full blood count (FBC), is required for
the calculation of absolute corpuscular values and
indices in anemia. Of course, automatic cell counters
are available.

PRINCIPLE

The blood is diluted 200 times in a red cell pipette
and the cells are counted in the counting chamber.

The Red Cell Count

Knowing the dilution employed, their number in
undiluted blood can easily be calculated.

APPARATUS AND MATERIALS

1. RBC pipette: Consult Expt 1-4 and Figures 1-6

and 1-11 for its discription. It should be clean
and dry and the bead should roll freely.
Improved Neubauer chamber with coverslip.
These should be clean and dust free.

3. Microscope with LP and HP objectives and

10 x eyepiece.

4. Disposable blood lancet/pricking needle.

® Sterile cotton/gauze swabs
® 70% alcohol/methylated spirit.

5. Hayem'’s fluid (RBC diluting fluid): The ideal

fluid for diluting the blood should be isotonic and
neither cause hemolysis nor crenation of red cells.
It should have a fixative to preserve the shape
of RBCs and also prevent their autolysis so that
they could be counted even several hours after
diluting the blood if necessary. It should prevent
agglutination and not get spoiled on keeping. All
these properties are found in Hayem'’s fluid.
Composition of Hayem'’s fluid.

Sodium chloride (NacCl) 0.50 g
Sodium sulfate (Na,SO,) 2.50¢g
Mercuric chloride (Hg Cl,) 0.25¢g
Distilled water 100 ml

Dissolve all these chemical in distilled water and

filter several times through the same filter paper.
Discard the solution if a precipitate forms.

Sodium chloride and sodium sulfate provide isoto-
nicity so that the red cells remain suspended in
diluted blood without changing their shape and

Figure 1-11: The RBC pipette. It has 3 markings—0.5,
1.0, and 101



size. Sodium sulphate also acts as an anticoagu-
lant, and as a fixative to preserve their shape and
to prevent rouleaux formation (piling together of
red cells)

® Mercuric chloride acts as an antifungal and anti-
microbial agent and prevents contamination and
growth of microorganisms.

PROCEDURES

® Consult Expt 1-3 for obtaining a sample of capil-
lary blood, Expt 1-4 on filling a pipette with
blood and diluting it, and Expt 1-5 on charging a
counting chamber.

1. Place about 2 ml of Hayem’s fluid in a watch
glass.

2. Examine the chamber, with the coverslip
‘centred’ on it, under low magnification. Adjust
the illumination and focus the central 1 mm
square (RBC square on the counting grid)
containing 25 groups of 16 smallest squares
each. All these squares will be visible in one
field. Do not change the focus or the field.

® Admitting too much light is a common cause of the
inability to see the grid lines and squares clearly.

3. Move the chamber to your work-table for
charging it with diluted blood. (It can be
charged while on the stage, but it is more
convenient to charge it on the table).

4. Filling the pipette with blood and diluting
it: Get a finger-prick. Wipe the first 2 drops of
blood and fill the pipette from a fresh drop of
blood up to the mark 0.5. Suck Hayem'’s fluid
to the mark 101 and mix the contents of the
bulb for 3—4 minutes as described earlier.

5. Charging the chamber: Observing all the
precautions, fill the chamber with diluted
blood.

® Since the RBC pipette is a slow-speed pipette, it
will need to be kept at an angle of 70-80° while
charging the chamber.

6. Move the chamber to the microscope and
focus the grid once again to see the central
1 mm square with the red cells distributed
all over.

® Wait for 3—4 minutes for the cells to settle down
because they cannot be counted when they

A Textbook of Practical Physiology

are moving and changing their positions due to

currents in the fluid. During this time draw a

diagram once again showing the RBC square. Then

draw 5 groups of 16 squares each, showing their
relative positions—the 4 corner groups and one
central group for entering your counts.

7. Counting the cells: Switch over to high
magnification (HP lens) and check the
distribution of cells. If they are unevenly
distributed, i.e., bunched at some places
and scanty at others, the chamber has to be
washed, dried, and recharged.

8. Move the chamber carefully and bring the left
upper corner block of 16 smallest squares
in the field of view. (There are no smallest
squares above and to its left).

Rules for Counting

Note that the immediate boundary of each smallest
square is formed by the 4 lines forming the square
(side: 1/20 mm; area: 1/400 mm?) the other lines
of the tram or triple lines do not form part of the
boundary of that square (Figure 1-12).
i. Cells lying within a square are to be counted with
that square.
ii. Cells lying on or touching its upper horizontal
and left vertical lines are to be counted with that
particular square.

B

Figures 1-12 A and B: (A) Microscopic view of a charged
chamber showing even distribution of red cells. A group of
16 smallest squares is shown in the middle. (B) Rules of
counting: Count the cells lying within a square and those
lying on or touching its upper horizontal and left vertical
line cells lying or touching its lower horizontal and right
vertical lines are to be omitted as they will be counted in the
adjacent squares. Arrows indicate the squares to which the
red cells belong



Hematology

Cells lying on or touching its lower horizontal
and right vertical lines are to be omitted from
that square because they will be counted with
the adjacent squares. In this way you will avoid
counting a cell twice. (You may omit cells lying
on the upper horizontal and left vertical lines and
count those lying on its lower and right lines. But
whichever method is chosen, it is best to follow
it for all cell counts).

While counting the cells, continuously “rack”, the

fine adjustment up and down so that cells sticking

to the underside of the coverslip are not missed

An occasional WBC (may be 1 in 600-700 RBCs)

may be seen—appearing greyish and granular but

it is not to be counted with the red cells.

9. We have already focused the upper left block
of 16 smallest squares in the high power field.
First count the cells in the upper 4 horizontal
squares from left to right, then come down
to the next row and count the cells in each
square from right to left. Then count the cells
in the 3rd row from left to right, and in the
4th row, from right to left. As the counts are
made, enter your results in the appropriate
squares drawn in your workbook, showing the
count in each square.

Count once more in these 16 squares and note the

result in your work-book. The difference between

the two counts should not be more than 10.

10. Move the chamber carefully till you reach the
right upper corner block of 16 smallest squares
(there are no smallest squares above and to
the right of this group), and count the cells
as before. Then move on to the right lower
corner and then left lower corner groups, and
finally count the cells in the central block of
16 smallest squares.

Thus, the counting will have been done in 80

smallest squares, i.e., in 5 blocks of 16 squares

each.

OBSERVATIONS AND RESULTS

Add up the number of cells in each of the 5 blocks
of 16 smallest squares. A difference of more than 20

between any 2 blocks indicates uneven distribution.

A.

C.

Calculation of dilution obtained (dilution
factor).

Consult Expt 1-4 once again. Recall that the
dilution with this pipette can be 1 in 100 or 1 in
200 depending on whether blood is taken to mark
1.0 or 0.5.

Final volume attained (100 parts)
Volume of blood taken (0.5 part)

Thus, the dilution=
factor is
Calculation of volume of fluid examined. We
know the count in 80 smallest squares which have
a volume (space) of 1/50 mm?3. We can also know
the cell count in 1 smallest square, which has
a volume (space) of 1/4000 mm3. We can now
calculate the number of red cells in two ways as
shown below:
Calculation of red cell count
i. Let x be the number of cells in 1/50 mm? of
diluted blood.
Cells in 1 mm? of diluted blood
Dilution employed was
Number of cells in 1 mm? of
undiluted blood will be = x %< 50 x 200
= x x 10000
Thus, adding, 4 zeros in front of x will give
the RBC count per 1 mm? of undiluted blood.

X % 50
1 in 200

Example

Number of cells in 80 smallest squares = 480
These cells are present in 1/50 mm? of diluted blood.

Dilution employed is = 1 in 200

. Number of cells in 1 mm? of undiluted blood will be

= 480 x 50 x 200
= 480 % 10,000
= 4800000, i.e., 4.8 million/mm?3.
The other way to calculate is
Number of cells in 80 smallest squares = x

Number of cells in 1 smallest square = %

SX—O cells are present in 1/4000 mm? of diluted

blood.
Dilution employed = 1 in 200
Number of cells in 1 mm?® of undiluted blood

8% % 4000 x 200 = x x 50 x 200 = x x 10,000



Example

Number of cells in 80 smallest squares = 480
Number of cells in 1 smallest square = 480/80 = 6
Volume of 1 smallest square = 1/4000 mm?3
Dilution employed = 1 in 200
Number of cells in 1 mm?3 of undiluted blood
= 4000 x 6 x 200 = 4800000 = 4.8 million/mm3.

Degree and Sources of Error

As mentioned in Expt 1-4, despite all precautions in

the procedures the degree of error with this method

is said to be about 15%. Thus, with a count of 5.0

million/mm?, the technical error of a single count

comes to about =+ 0.75 million/mm3. And in the hands

of a student, this error can be as high as 20%.

The following factors are responsible for the error:

i. Pipette error: It may be due to inaccuracy of

graduations, the method of filling with blood and
diluent, or mixing.

ii. Chamber error: The counting grid and the depth
of the chamber may not be accurate, or the
process of charging it may introduce an error.

ili. Field error: The distribution of cells on the grid
may not be uniform.

iv. Experimental error: Since the multiplication
factor is 10,000, an error in counting of 5 cells
in 80 smallest squares may cause a variation of
50,000/mmég of blood.

Note

e To be of any value, the test must be carried out as
meticulously as possible.

e Repeated counts of a charged chamber do not give
significantly better results. Counting the cells in more
than 80 smallest squares has similar effect.

e Taking repeated samples of blood, counting the cells
in each, and taking their mean value can eliminate
pipette error. But this has hardly any practical value.

Normal Red Cell Count

Express your result as ..... million/mm?3
The average cell counts and their ranges are:

Males = 5.0 million/mm? (4.75 — 6.0 million/mm?)

Females = 4.5 million/mm? (4.0 — 5.5 million/mm?3).
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PRECAUTIONS

Observe all precautions described for getting a
finger-prick, filling the pipette with blood and
diluent, and charging the chamber.

2. Clean the chamber with a lint-free piece of cloth.
Once cleaned, do not touch the central part. Any
oils left from your fingers on the coverslip or the
chamber are fatal to cell counting.

3. If there is over-charging or under-charging, wash,
clean, dry, and refill the chamber.

4. Continuously rack the fine adjustment while
counting the cells.

5. Do not draw diluents directly from the stock bottle
as it may contaminatet the solution with cells.

QUESTIONS

Q.1 When blood is taken to the mark 0.5 and
the diluent to mark 101, why is the dilution 1
in 200 and not 1 in 202?

Dilution of the blood occurs in the bulb, the volume
of which is 101 — 1.0 = 100. Hence, half volume in
hundred gives a dilution of 1 in 200.

Q.2 Why is blood diluted 200 times for red
cell count?

A high dilution is needed because the number of RBCs
is very high.

Q.3 What is the function of the bead in the
bulb?

The bead (red in this case) helps in mixing the
contents of the bulb thoroughly. It helps in identifying
the pipette at a distance. And, thirdly, it tells whether
the bulb is dry or not (If it is not, the bead will not
roll freely).

Q.4 Would not the bead decrease the dilution
of blood due to its own volume?

The volume of the bead is taken into consideration
during manufacture of the pipette.

Q.5 How wiill you clean the pipette and the
chamber after your experiment is over?
See page 27.

Q.6 How will you clean a pipette/blocked with
clotted blood?
See page 27.
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Q.7 What are the units of markings on the
pipette?

These markings (0.5, 1.0, 101) do not represent any
units but relative volumes or parts in relation to each
other.

Q.8 When drawing blood into the pipette, why
do you take it to slightly, above 0.5 mark? And,
why should the excess blood not be blown out or
removed with cotton, gauze, or blotting paper?
The blood is taken slightly to above the mark because
it is now easier to bring it to the exact mark. In trying
to blow out the excess blood, more than the extra
blood may be removed. Similarly, cotton swabs or
filter paper should not be used because they are likely
to remove more than the required blood. (The level is
brought to the exact mark by wiping the tip against
one’s palm or finger-tip).

Q.9 If Hayem'’s solution is not available, can
you use any other?

i. Dacie’s solution: This diluting fluid is an
alternative to Hayem'’s solution. It is simple to
prepare and keeps for a long time. It contains
3.13 g of trisodium citrate, 1.0 ml of 37% formalin
(commercial formaldehyde), and distilled water
to 100 ml.

ii. Normal saline: 0.9% sodium chloride solution
can be used if Hayem’s or Dacie's fluids are not
available. However, the red cells have to be
counted within an hour or so of filling the pipette.
Also the RBCs are likely to form rouleaux. Further,
a stock solution of normal saline cannot be kept
for this purpose.

Q.10 Why should you discard the first two
drops from the pipette before charging the
chamber?

Even after thorough mixing the blood and the diluent,
the stem contains only the diluent which is cell-free.

Q.11 What are the features of a properly
charged chamber? How will over- or under-
charging of the chamber affect the red cell
count?

See page 31 for features of properly charged chamber.
When the chamber is over charged, diluted blood
flows into the trenches where the red cells being
heavier, sink down. This gives a false low count. Under

charging, due to less blood in the chamber will also
give a low count.

Q.12 What is the function of the coverslip?
Since the coverslip is absolutely flat and smooth, it
ensures a uniformly deep capillary space between it
and the floor-piece. Surface tension holds the diluted
blood in place without its spilling into trenches unless
the volume is more than the space available to it.

Q.13 Why should a chipped coverslip not be
used?

A chipped or broken coverslip will not cover the floor-
piece properly, thus resulting in uneven distribution
of cells.

Q.14 Why should both sides of the chamber
be charged?

Charging on one side may lift the coverslip unevenly on
that side. Charging the two sides keeps them uniformly
deep on both sides, Duplicate samples can be run or
RBC and WBC counts can be done simultaneously.

Q.15 Why is it difficult to see the grid lines and
cells clearly at the same focus?

Since the grid lines, the cells lying on the floor-piece,
and those sticking to the underside of the coverslip
are located at different levels in the 0.1 mm space,
all of them may not be seen clearly at one focusing
position. It is for this reason that ‘racking’ of fine
adjustment is required.

Q.16 How will you differentiate red cells from
dust particles?

Dust particles may be present on the objective,
eyepiece, or in the diluent. They are angular, of
different sizes and colors. (If they are on the eyepiece,
they will rotate with the eyepiece.) Red cells, on the
other hand, are round disks, of uniform size, light
pink in color which is lighter in the center.

Q.17 Can the red cells be counted with the low
power objective?

Though the cells can be seen clearly under low power
and can be counted by an experienced person, it is
best for the student to count them under high power.

Q.18 Why is it necessary to follow the rules
of counting?

The rules must be followed to avoid the error of miss-
ing some cells, and counting others more than once.



Q.19 What are the sources of error in this
experiment?
See page 48.

Q.20 What is the fate of leukocytes in this
experiment?

An occasional leukocyte may be seen. Itis larger than
a red cell, appears refractile (shiny) and granular,
it also contains a nucleus. Since there is 1 WBC to
600—-700 RBCs, one may come across a single WBC
in a count of red cells in 80 smallest squares. But if
it is counted with the red cells, it will increase the
count by 10,000/mm? since the multiplication factor
is 10,000 for cells in 80 smallest squares.

Q.21 Since the mature red cells do not contain
‘nuclei, are they dead cells?

The RBCs, though without nuclei, are not dead in
the usual sense. Since there are no mitochondria
(and other organelles), energy is not available from
oxidative phosphorylation (Krebs cycle). However,
they contain a number of enzymes which control
important functions. The cells contain all enzymes
necessary for energy supply from anaerobic glucose
metabolism via the Embden-Meyerhof pathway
(hexose monophosphate shunt). (Glucose enters RBCs
by an active process which is insulin-independent).
Energy is needed to maintain the shape, flexibility,
and ionic composition of red cells. MetHb reductase
converts metHb into its functional divalent form of Hb.
ATPase keeps a high K* and a low Na™* inside. Carbonic
anhydrase promotes formation of carbonic acid from
CO, and H,0. Glutathione reductase helps to stabilize
red cell membrane and in detoxifying (reducing) toxic
oxygen metabolites.

Q.22 What is the site of formation of red cells
during fetal life and after birth? Are they being
formed in your body at this time?

During early fetal life, the primitive nucleated red
cells are formed in the blood islands of yolk sac. (This
is the only time when they are formed within blood
vessels. Later they are formed extravascularly from
where they enter the circulating blood). From 2 to 5
months, they are formed mainly in the liver, but also
in spleen, thymus, and lymph glands. During the last
trimester, they are formed only in the bone marrow.
At birth, all marrow is red, but the adult pattern is
reached by the age of 15 years.
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The red cells are being continuously formed in
and released from (my) red bone marrow at a rate
of about 3.5 million per second which is equal to the
rate of their destruction (About 1% of red cells, i.e.,
those present in about 50 ml of blood, are destroyed
every day).

The red bone marrow is a highly vascularized
connective tissue present in the minute spaces
between the trabeculae of spongy bone confined to
flat bones (pelvis, sternum, ribs, skull, vertebrae) and
the proximal epiphysis of humerus and femur. The rest
of the bone marrow, i.e., in the medullary (marrow)
cavities of long bones, is the inactive yellow bone
marrow—mainly fat cells and some blood vessels.

Q.23 Whatis the life span and fate of red cells?
The average life span of red cells, as determined
by radioactive and agglutination methods is about
120 days (about 40 days in macrocytic anemia and
spherocytosis). During their life time, they circuit the
cardiovascular system some 300,000 times. (Their
elastic framework, formed by the protein spectrin,
permits them to regain their biconcave shape as they
emerge through the capillaries). As they squeeze
through 5—-6 um capillaries again, they are subjected
to severe mechanical stress and wear and tear of their
plasma membranes. Since there is no nucleus and
other organelles, the red cells cannot synthesize new
components to replace the damaged ones. The plasma
membranes become more and more fragile with age;
they are now more likely to burst, particularly as they
squeeze through’ the narrow trabecular spaces of the
spleen.

About 10% of the worn-out RBCs fragment in the
circulating blood. These fragments and old cells are
removed from the blood and destroyed by the fixed
phagocytic macrophages in the spleen, liver, etc. (The
spleen has been called the graveyard of RBCs). The
breakdown products, globin and iron of heme, are
recycled for reuse by the body.

Q.24 What is erythropoiesis? What are the
stages of differentiation and maturation of red
cells?

The term hemopoiesis (-poiesis= making), or
hematopoiesis, refers to the formation of blood
cells, while erythropoiesis refers to the formation
of red cells. All the cells of the blood develop from
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pluripotent (pluri- = many) hematopoietic stem
cells (PHSCs; or hemocytoblasts), that are derived
from mesenchyme and constitute about 0.01-0.1%
of bone marrow cells. They have the capacity to
develop into many different types of cells (e.g.,
blood cells, macrophages, reticular cells (they form
the stroma of bone marrow) and mast cells, bone
and cartilage cells, fat cells etc). These PHSCs, or
the common (uncommitted) stem cells, replenish
themselves, proliferate and give rise to two main
types of committed stem cells — the myeloid stem
cells, and the lymphoid stem cells, as shown in
Figure 1-13.

The myeloid and lymphoid stem cells, which give
rise to all the specific cell lines of blood, form ‘colonies’
in soft gel cultures and are, therefore, called “colony
forming units”

(CFUs; the so-called progenitor cells). Thus,
the CFUs are separate pools of progenitor cells

for megakaryocytes (CFU-M) granulocytes and
monocytes (CFU-GM) and erythrocytes CFU-E).

The erythrocytes (RBCs) that develop from CFU-E
pass through various stages: CFU-E —— Proeryth-
roblast — (pronormoblast) —— normoblasts —
reticulocyte — mature red cells.

As these cells develop and mature, they become
smaller, the cytoplasm changes color from blue to
pink (in stained smears) their nucleus becomes
condensed and is finally extruded. The cells that
have developed outside the blood vessels so far now
enter the blood stream through enlarged and leaky
capillaries (sinusoids) that surround marrow cells and
fibers at the non-nucleated stage of reticulocytes, the
network disappearing within a day or so.

Except lymphocytes, the blood cells do not divide
after they leave the bone marrow. The lymphoid stem
cells (*bone marrow lymphocyte precursors’)
begin their development in red bone marrow but

Figure 1-13: Hemopoiesis—development of blood cells. Cells above dotted line: development and maturation in bone
marrow. Cells below dotted line: cells present in blood. CFUs: Colony forming units are committed (progenitor) cells. PHSCs:

Pluripotent hematopoietic stem cells



complete it in lymphoid tissue to become T and B

lymphocytes (see Expt 1-12).

Q.25 How is erythropoiesis regulated?

The proliferation and differentiation of various cells

in the bone marrow is very accurately controlled by

various hormones or factors (hemopoietic growth
factors) that include: colony stimulating factors

(CSFs), cytokines, interleukins (ILS), erythropoietin

(EPO), etc.

Cytokines (small glycoprotein molecules) are
secreted by marrow cells, lymphocytes, endothelial
cells, and fibroblasts, etc. Conventionally, once the
amino acid sequence is known, its earlier name is
changed to interleukin. Interleukins 1, 3, and 6 and
CSFs stimulate proliferation of different blast cells.
Thus, cytokines function as local hormones (autocrine
and paracrine). Cytokines also control phagocytosis
and immune responses of lymphocytes.

Factors that Regulate Erythropoiesis.

1. Erythropoietin (EPO): The total red cell mass
and therefore, the RBC count, is kept remarkably
constant although there is a huge turnover of
these cells in 24 hours.

This critical balance between RBC production
and destruction is maintained by adjustments in
the circulating levels of EPO.

EPO is a glycoprotein that contains 105 amino
acid residues and 4 oligosaccharide chains. About
95% of EPO is secreted by the peritubular interstitial
cells of the kidneys, and 15% from the perivenous
hepatocytes of liver. Tissue oxygenation, i.e., the
quantity of O, delivered to the tissues, is said to
be the basic regulator of the basal secretion of
EPO. Thus, hypoxia due to any cause—low blood
volume, anemia, poor blood flow, and heart and
lung diseases—increase EPO secretion. Transfusion
of blood reduces EPO secretion. Recent evidence
suggests that the O, sensor regulating EPO secretion
is a heme protein that in deoxy form stimulates, and
in oxy form inhibits formation of EPO mRNA. Cobalt
salts and androgens also stimulate EPO secretion.

EPO has been produced by recombinant method
and is available for clinical use in treating anemias
of end-stage renal failure.

2. Grade I proteins: Proteins of animal origin, and
soya beans, etc.

A Textbook of Practical Physiology

3. Vitamins: B,,, folic acid, pyridoxine, other B
complex vitamins, and vitamin C are needed for
red cell formation.

4. Trace metals: Iron, copper, zinc, and cobalt are
required in trace amounts.

5. Hormones: Androgens, thyroxin, growth
hormone and cortisol are required.

Q.26 Which physiological condition causes a
decrease in RBC count?

Decreased count is seen during pregnancy and is due
to hemodilution. Increased estrogens and aldosterone
cause fluid retention and thus an increase in plasma
volume. (The blood volume may increase by about
25% above normal just before term. The red cell
mass also increases.

Q.27 What is anemia and what are its causes?
See Q/A 23 in Expt 1-7.

Q.28 What is polycythemia and what are its

causes?

Polycythemia: It refers to an increase in the number

of red cells above the normal level. Erythrocytosis is

a better term to describe an absolute increase in the

total red cell mass.

1. Polycythemia vera (erythremia, or primary
polycythemia): A gene abnormality in the early
red cells causes them to form more and more
cells. Erythropoietin production is not raised, but
may be decreased.

2. Secondary polycythemia: Hypoxia due to lung
diseases, congenital heart disease, cardiac failure
increases the RBC count.

3. Polycythemia due to hemoconcentration:
Fluid loss during severe vomiting and diarrhea;
and loss of plasma in burns, cause polycythemia.
There is no increase in total red cell mass.
Physiological polycythemia is seen during resi-

dence at high altitudes, and in newborns. Emotional

stress and severe exercise may cause a temporary
increase in RBC count.

Q.29 What is meant by "Stem cell harvesting”
and what is their practical value?

Transplantation of stem cells (confined mainly to
red bone marrow) from normal persons to patients
of certain leukemias and abnormal bone marrow,
have been in use for many years. The abnormal
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bone marrow is first destroyed by drugs and whole
body radiation, and bone marrow aspirated from the
hipbone of a donor is then transfused into the patient.
The normal stem cells (taken from the donor) then
settle in the recipient bone marrow where they start
to produce normal cells in due course of time.

The harvesting (collecting) of pluripotent stem cells
(PHSCs) from the umbilical cord blood (where they are
present in much larger numbers than in adult bone
marrow) is now being employed. The PHSCs taken
from the blastocysts of human embryos have been
cultured and work on these cells may prove beneficial
to currently incurable diseases like Parkinson’s,
Alzheimer’s, diabetes mellitus, and repair of damaged
heart muscle in coronary artery disease.

OSPE-

Aim: To dilute the given sample of blood 200 times

using a pipette and diluent.

Procedural steps: See page 46

Checklist:

1. Selects the correct pipette and checks that it is
clean and dry and patent. (Y/N)

2. Takes enough diluents in a watch glass and sucks
blood to the exact 0.5 mark and sees that there
are no air bubbles (Y/N)

1-9

3. Wipes off blood sticking to the outside of the tip
of the pipette. (Y/N)

4. Sucks diluting fluid exactly to the mark 101.
(Y/N)
5. Holds the pipette horizontally between the palms
and rolls it gently to mix the contents of the bulb.
(Y/N)

OSPE-II

Aim: To charge the Neubauer’s chamber with diluted
blood provided to you in a RBC pipette.
Procedural steps: See page 46.

Checklist:

1. Ensures that the chamber and cover slip are clean
and dry. (Y/N)

2. Mixes the contents of the bulb between her
palms. (Y/N)

3. Places the cover slip on the central plateau of the
chamber to cover both the ruled areas. (Y/N)
4. Discards the first two drops from the pipette and
allows a suitrable-sized drop to form. (Y/N)
5. Places the tip of pipette on the chamber, touching
the edge of the coverslip and allows the fluid
to spread evenly over the counting grid without
over- or under-charging. Charges the other side
also. (Y/N)

Determination of Hematocrit (Hct)

(Packed Cell Volume; PCV)

STUDENT OBJECTIVES

After completion of this experiment, you should be able to:
1. Define hematocrit and its clinical importance.
2. Identify Wintrobe tube and explain how to fill it with
blood.
3. Indicate the conditions in which the Hct is increased
and decreased.
4. Explain whole body hematocrit.

Relevance. Normal values.
Principle. True hematocrit.
Apparatus and materials. Microhematocrit
method.
Procedures Whole body
hematocrit.

Precautions.
Questions.

Observations and
results.



Relevance

Measurement of hematocrit (Hct) or packed cell
volume (PCV) is the most accurate and simplest
of all tests in clinical hematology for detecting the
presence and degree of anemia or polycythemia. In
comparison, hemoglobin estimation is less accurate,
and RBC count far less accurate.
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Note

Increasing the duration of centrifugation does not com-
pensate for a low centrifugal force. For example, with
decreased rpm and reduced force, the red cells do not
get packed to their minimum volume (which is the pur-
pose of centrifugation) even if centrifuged for hours. A
proper machine that would create the required force is
therefore, essential.

Also, if Hb, RBC count, and PCV are determined at

the same time, various absolute corpuscular values

(e.g., volume and Hb content of a single red cell) of a

person can be determined. These values help in the

laboratory diagnosis of the type of anemia in a person.

APPARATUS AND MATERIALS

1.

2.

Equipment for venepuncture.

Sterile swabs, alcohol, syringe and needle
Container (penicillin vial or bulb) with anticoagu-
lant (double oxalate or sequestrene).

Wintrobe tube (hematocrit tube): Figure
1-17 shows a Wintrobe tube. It is 11 cm long,
heavy, cylindrical glass tube, with a uniform bore
diameter of 2 mm. Its lower end is closed and
flat. The tube is calibrated in cm and mm from 0
to 10 cm from above downwards on one side of
the scale (for ESR), and 10 to O cm on the other
side (for PCV). The mouth of the tube can be
covered with a rubber cap to prevent loss of fluid
by evaporation. A Wintrobe stand is provided for
holding the tube upright when doing ESR.

. Pasteur pipette: It is a glass tubing drawn to a

long thin nozzle about 14 cm long. A rubber teat is
provided to suck blood into the pipette by a slight
pressure. It is used for filling the Wintrobe tube.

. Centrifuge machine: It packs the red cells in the

Hct tube by centrifugal force. The magnitude of
force produced by rotation of the tube depends
on:

a. The radius, i.e., the distance between the
center of the shaft and the bottom of the
centrifuge tube when laid horizontally.

b. The number of revolutions per minute (rpm).

In terms of gravitational force (G), the value of
this force should be 2260 units. This much force is
created when the radius is 9 inches and the speed
is 3000 rpm.

PROCEDURES

1. Draw 5 ml of venous blood and transfer it to a

container (penicillin vial or bulb) of anticoagulant.

Rotate the bulb between your palms.

i. To ensure proper mixing of cells and
plasma (inaccurate results are likely if this
precaution is not taken).

ii. To oxygenate blood cells to remove CO,
(red cells are larger when CO, is high, in
venous blood).

Fill the pasteur pipette with blood and take its
nozzle to the bottom of the Wintrobe tube. Expel
the blood gently by pressing the rubber teat, and
fill the tube from below upwards while withdrawing
the pipette but always keeping its tip below the
level of blood. Ensure that there is no air bubble
trapped in the blood.
® Do not try to fill the tube from its top as blood
will not flow down to its bottom because of air
present in the tube.
Bring the blood column exactly to the mark 10 (or
the mark O on the other side of the scale) at the
top. There should not be any bubbles at the top
of blood.
® If less blood is available, note the level.
For ESR. Before centrifuging the tube, ESR can
be determined by placing the tube in its stand and
taking the reading of clear plasma above the red
cells, as described in Expt 1-17.
Close the mouth of the tube with its rubber cap and
centrifuge it at 3000 rpm for 30 minutes (slower
speed will not pack the red cells fully). Balance
this tube with another tube filled with water, or
another sample of blood placed in the opposite
tube holder.
At the end of 30 minutes, take the reading of
upper level of packed red cells on the side of the
scale where zero is at the bottom. Replace the
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tube in the machine and centrifuge it again for
15 minutes. Read the packed cell height again;
it should be the same as before. If the height is
reduced, centrifuge it again for 5 minutes. To be
reliable, at least 3 successive readings, at intervals
of 5 minutes, should be the same.
® Note that unnecessarily prolonged centrifuga-
tion may cause mechanical hemolysis of red
cells which must be avoided.

OBSERVATIONS AND RESULTS

Note that the blood has been separated into 3 layers:
i. A tall upper layer of clear plasma—amber or
straw-colored. It should not be pink or red which
would indicate hemolysis of red cells in the
sample or within the body (i.e., before withdrawal
of venous blood) in hemolytic diseases. If there is
hemolysis, the test must be repeated on a fresh
sample.

ii. A greyish-white, thin layer (about 1 mm thick)
the so-called “buffy layer”, consisting of platelets
above and leukocytes below it.

iii. A tall bottom layer of red cells which have
been closely packed together. A greyish red
line separates red cell layer from the layer
of leukocytes above it. This line is due to the
presence of reduced Hb in the red cells lying next
to the leukocytes which reduce the oxyHb of the
cells. The line marks the upper limit of the red
cell layer.
® The percentage of the volume of blood occu-

pied by the red cells constitutes hematocrit
or packed cell volume, i.e., the percentage of
whole blood that is red cells

Height of packed red
cells (mm)
Height of packed RBCs
and plasma (i.e., height
of blood column)

x 100

Hematocrit (Hct) =

For example, if the height of packed red cells is 45

mm, then
45

= —— X% 100 = 45 percent.
100 P

® |t also means that out of 100 volumes (or
parts) of blood 45 volumes (or parts) are red

cells and 55 volumes (or parts) are plasma.
Thus, out of 1 liter of blood, 450 ml are red
cells and 550 ml are plasma.

Normal values. The average value of PCV is 42%
when the RBC count is 5 million/mm? and their size
and shape are normal.

Males: 44 percent (38-50 percent)

Females: 42 percent (36—45 percent)

The PCV for newborns is about 50 percent.

‘True’ hematocrit [true cell volume (TCV)]:
Even under optimum conditions it is impossible to
completely pack the red cells together, and about
2% plasma remains trapped in between the red cells.
This percentage is more (i.e., more plasma) if the red
cells are abnormal in shape (e.g. spherocytosis, sickle
cells). To compensate for the trapped plasma, the
‘true’ cell volume (true hematocrit) can be obtained
by multiplying the observed Hct value with 0.98.

The microhematocrit: Two heparinised glass
capillary tubes, each about 6 cm long, are filled with
blood and centrifuged at 12,000 rpm for 3 minutes.
Readings of packed cells are taken from the scale on
the tube holder. This method is very accurate and can
be used on free-flowing capillary blood from a skin
puncture in infants, or when the amount of blood
available is very small, or in mass surveys for anemia.

Whole body hematocrit: Determination of total red
cell mass by using chromium 51(Cr) has shown that the
Hct of venous blood is higher than that of the blood
in microcirculation vessels (metarterioles, arterioles,
capillaries). In these small vessels, the red cells tend
to move in the centre of the blood stream (axial flow).
As a result, the blood along the sides of the vessels
has a low Hct, and branches leaving at right angles
may receive cell-poor blood. In capillaries, the effect
is marked because the RBCs move in a single file in
the middle of the stream. This phenomenon, called
plasma skimming, may be responsible for the capillary
blood hematocrit being about 20% lower than the
whole body hematocrit.

Venous blood hematocrit: The Hct of venous blood
is slightly higher than that of arterial blood, because as
the pH changes from the arterial value of 7.41 to 7.37
in the venous blood, the red cells gain a little water.



PRECAUTIONS

1. Use the recommended amount of EDTA as the
anticoagulant. There should be no clotting or
hemolysis of the blood.

2. The test should be done within 6—8 hours of
collection of the sample.

3. The Wintrobe tube should be filled from below
upwards so that no air bubble is trapped in the tube.

QUESTIONS

Q.1 What is the importance of determining
hematocrit?

It is a simple but accurate test for determining the
presence of anemia or polycythemia, as it is more
accurate than the red cell count or Hb. It is also em-
ployed for determining various absolute, corpuscular
values. Sometimes, it is used for screening for anemia.

Q.2 Which cells make up the buffy layer? How
thick is it and when can it increase in thickness?
The buffy layer consists of packed platelets and
leukocytes. Platelets being less dense, settle in a
separate layer above the leukocytes. The buffy layer is
about 1 mm thick but the thickness increases in cases
of severe leukocytosis, leukemia, and thrombocytosis,
especially primary thrombocytosis where the count
may exceed 800,000/mm?.

Q.3 What is the effect of a high hematocrit?
Increase in Hct increases the viscosity of blood which
leads to an increase in peripheral resistance, and thus
the blood pressure.

Q.4 Whatis the difference between the PCV of
arterial and venous bloods?

The PCV of venous blood is a little higher than that of
arterial blood because the red cells gain a little water
due to chloride shift.
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Q.5 Name the conditions where the PCV is in-
creased and those where it is decreased?
Increased PCV is seen in:

i. All cases of polycythemia (newborns, high
altitude), hypoxia due to lung and heart diseases,
etc.

ii. Congestive heart failure, burns (loss of plasma),
dehydration, after severe exercise, and emotional
stress. In all these cases, there is a change in
the plasma volume, or redistribution of red cells.
(The spleen is not responsible for these changes
in man because there is no smooth muscle in this
organ).

Decreased PCV is seen in

i. All types of anemia.

ii. Pregnancy (due to hemaodilution), and ingestion
of large amounts of water.

Q.6 What further information can be obtained
from the buffy coat in a centrifuged tube of
blood?

Studies on the buffy coat obtained after ultracentrifu-
gation of blood in special glass tubes (one for venous
blood, another for capillary blood) have provided
important information on certain parameters of
complete blood count (CBC) or full blood count
(FBC).

For example, the quantitative blood count
(QBC) system which uses mechanical expansion and
optical magnification of the buffy coat, augmented by
supravital staining, yields the following information:

Hematocrit, platelet count, white blood cell count,
granulocyte count (% and number), and lymphocyte-
monocyte count (% and number). Counts of specific
cell types of leukocytes are now possible by electronic
cell counters.
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1-10

Normal Blood Standards

(Absolute Corpuscular Values and Indices)

STUDENT OBJECTIVES

After completing this experiment, you should be able to:
1. Explain the clinical significance of calculating absolute
corpuscular values.
2. Describe the normal corpuscular values and how to
obtain them.
3. Describe the classification of anemia based on these
standards.

Relevance

The basic values of Hb, RBC count, and PCV (Hct) do
not give any information about the condition of an
average red cell, such as its volume, Hb content, or
its percentage saturation with Hb. Neither can this
information, which is important in diagnosing the type
of anemia in a patient, be obtained directly from any
experimental method. However, this information, in
the form of absolute corpuscular values, especially if
these are done electronically, can be calculated from
3 basic values of Hb, RBC count, and PCV.

Further, the basic values found in a patient/subject
can be compared with arbitrarily set “normal” values.
This information, the red cell indices, have been
discarded in favor of absolute corpuscular values.

Note

In addition to the indirect methods of calculating absolute
corpuscular values from manually done Hb, Hct, and RBC,
these values can be determined directly with automated
electronic computers.

APPARATUS AND MATERIALS
The apparatus and materials required are those used

for Hb, RBC count, and PCV.

PROCEDURES

1. Use your own values of Hb, RBC count and the
value of PCV obtained during the demonstration

experiment on a volunteer. This value of PCV,
however, will not be strictly applicable to any
person other than the volunteer.

Your teacher may also provide each one of you
with an arbitrary value of PCV from your Hb and
RBC counts.

2. Calculate your absolute values for MCV, MCH,
MCHC, and color index as shown below:

I. Mean Corpuscular Volume (MCV)

The MCV is the average or mean volume of a single
red blood cell expressed in cubic micrometers (um?3
or femtoliters). It is calculated from the following two
basic values:

i. Red cell count in million/mm3

ii. Packed cell volume (PCV) in 100 ml blood.

Formula

PCV x 10
RBC count in million/mm?®

PCV per liter
RBC (10°/mm)

For example
PCV = 45%
45x10 9

RBC count = 5.0 million/mm?3

MCV = Ooum3

Normal range = 74 — 95 pm?®

Derivation of the formula: In order to know the
volume of one red cell from this formula, we have to
determine either of the following two:
A. The packed volume of RBCs in 1 mm? of blood,
since we know their number (i.e., 5 million). or
B. The number of RBCs in 100 ml blood, since we
know their packed volume (e.g., 45 ml) in the
same volume of blood.
The calculations according to both the methods
are described below:
[A] Since PCV is 45%, the volume of packed cells
in 1 mm? of blood = 0.45 mm?3
Number of red cells in the same volume of blood
(i.e. 1 mm?3) = 5 million



Thus, there are 5,000,000 red cells in 0.45 mm?3
of blood.
0.45 mm?®
5,000,000
Because 1 mm = 1000 micrometers, the MCV is:
0.45 x 1000 x 1000 x 1000
5,000,000
0.45 x 1000
5

[B] The PCV of RBCs in 100 ml blood = 45 ml
Because 1 meter (100 cm) = 10° micrometers
1 cm = 10* micrometers
For volume, 1 cubic cm = 10% x 10% x 10* = 10* um
[Since the density of water at 4°C is taken as 1, for
practical purposes, the density at room temperature
may also be taken as 1]
So, 1 cubic cm = 1 ml, and 1 ml = 10*? cubic
micrometers (um?)
45 ml = 45 x 102 cubic micrometers (um?)
[We now have converted the volume of red cells
(i.e., 45 ml) that are present in 100 ml blood into
cubic microns (45 x 10'?), we now want to find out
the number of RBCs in 100 ml blood, i.e., in 45 ml of
packed red cells].
Because 1cm = 10 mm
1 cubic cm = 10 x 10 x 10 = 10° mm?3 (cmm)
- 1ml = 10° mm?3
And, 100 ml = 10%x 10? = 10° mm?
Since 1 mm? blood contains = 5 x 106 red cells
100 ml will contain = 5 x 10% x 10°
=5 x 10 red cells
Thus, the volume of 5 x 10! RBCs in 100 ml blood
= 45 %102 cubic micrometers (um?3).

Therefore, the volume of 1 red cell =

MCV =

=90 um?

45 x 10*? _ 45x10
5x10" =~ 5

The volume of 1 red = =90 um?

cell will be
PCV x 10

So, MCV = - — 3
RBC count in million/mm

[I. Mean Corpuscular Hemoglobin (MCH)

The MCH, which is also determined indirectly, is the
average hemoglobin content (weight of Hb) in a
single red blood cell expressed in picograms (micro-
microgram, uug). It is calculated from the following
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basic values:
i. RBC count in million/mm3.
ii. Hb in g percent.

Formula
Hbin g% x 10
RBC count in million/mm

3

For example
Hb = 15 g%

RBC count = 5 million/mm?3
15x10
5

Normal range = 27—-32 pg

MCH = = 30 pg

Derivation of the formula. The derivation of the
formula is on the same lines as that for MCV. We want
to convert the g Hb into picograms (pg).

Since 1 g = 102 pg

15 g = 15 x 10*2 pg

Thus, the Hb content of 5 x 10! RBCs in 100 ml
blood = 15 x 10'? pg

The Hb content of 1 red cell will be

15 x 10" 15x 10
510" 5 Pa
(5 x 10 red cells are present in 100 ml blood, as

described earlier)

Hb in g per liter

The formula can also = : — 3
RBC count in million/mm

be expressed as

In macrocytic (large red cells) anemia, the MCH
may be as high as 39 pg, because the cells are larger,
but MCHC (see below) would be within normal range.

[ll. Mean Corpuscular Hemoglobin
Concentration (MCHC)

The MCHC represents the relationship between the red
cell volume and its degree or percentage saturation
with hemoglobin, that is, how many parts or volumes
of a red cell are occupied by Hb. The MCHC does not
take into consideration the RBC count, but represents
the actual Hb concentration in red cells only, (i.e., not
in whole blood)—expressed as saturation of these
cells with Hb.

The Hb synthesizing machinery of red cells does
not have the Hb concentrating capacity beyond a
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certain limit, i.e., RBCs cannot be, say 70% "“filled”
with Hb; this upper limit is only 36%. MCHC is
calculated from the following formula:

Hb in g per 100 ml blood
PCV per 100 ml blood

0,
Hb g% <100
PCV%
For example

Hb = 15 g%, PCV = 45%

15
25 x 100 = 33.3 percent

Normal range = 30—-36%

If the MCHC is within the normal range, the cell
is normochromic, if it is below the range, the cell is
hypochromic. However, it cannot be hyperchromic for

MCHC = x 100

MCHC

the reason mentioned above. A large cell may contain
more Hb, but its percentage saturation will not be
more than 36%.

Derivation of the formula. The derivation of the
formula is as under:
45 volumes of red cells contain = 15 g of Hb

15
1 volume of red cells contain = Eg
100 volumes of red = % x 100 =33.3%

cells will contain

Another way of expressing MCHC is as follows:

MCH
MCHC = MCV

x 100

(Because MCH is Hb concentration in 1 red cell, and
MCYV is the volume of one red cell)
Taking MCH as 30 pg, and MCV as 90 cubic microns,
MCHC
30

= - %100 = 33.3%
90 "

IV. Mean Corpuscular Diameter (MCD)

The MCD is determined by direct micrometric
measurements of the red cells in a stained film. The
range is 6.9 to 8 micrometers, with an average of
7.5 um. MCD can be used for measuring the mean
corpuscular average thickness (MCAT).

For the determination of Cl, the results obtained in
a particular case are compared with arbitrarily set
“normal” values. The three traditional indices are:
color index, volume index, and saturation index,
which are the relative measures of Hb, cell size, and
Hb concentration of red cells as compared to “normal”
values. Only the color index is mentioned below.

To establish a relation between Hb concentration
and the RBC count, they are expressed in the same
unit, i.e., “percentage of normal”, it being assumed
that a normal person has 100% Hb, and 100% RBC
count. Traditionally, the normal 100% RBC count is
fixed at 5 million/mm3, and the normal Hb at 15 g%o,
irrespective of age and sex.

For Cl, we require the Hb concentration and the
RBC count determined in an individual.

V. Color Index (CI)

Hb concentration (percentage of normal)

Color index =
RBC count (percentage of normal)
100
= _— =10
100

Normal range = 0.85 — 1.15
g% Hb found
Normal Hb (15 g%)
RBC count found
Normal RBC count (5 mill./mm?)

The color index is low in iron deficiency anemia
and high in macrocytic anemias. But since both RBC
count and Hb may decrease simultaneously in a way
that the Cl remains normal, the Cl does not have
much clinical value.

Color index =

QUESTIONS

Q.1 Consult and answer question humbers 4,
5, 6, and 7 in Section 6 on calculations.

Q.2 Which absolute corpuscular value is most
useful?

MCHC is the most reliable and useful value for the
following two reasons:-

i. It does not take RBC count into consideration for
its calculation. MCH and MCV, on the other hand,
both depend on the RBC count which has a high
degree of error of +£15 percent.



ii. MCHC tells us the actual Hb concentration in red
cells only and not in whole blood.

Q.3 Why cannot the MCHC exceed the satura-
tion limit of 36?

The value of MCHC cannot exceed 36% because the
Hb synthesizing and concentrating machinery does
not have the capacity to saturate the cell beyond this
limit. Thus, a cell can have more MCV and MCH but

Normochromic Hypochromic
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the saturation will not exceed 36%.

Q.4 How will you classify anemias according
to their causation?

See Expt 1-7.

Q.5 How will you classify anemias on the basis
of MCV and MCHC?

The anemias can be classified on this basis as
follows:

Normocytic i. After acute hemorrhage i. After chronic blood
ii. Hemolytic anemias, except thalassemias ii. loss
iii. Renal disease
iv. Aplastic anemia
Chronic infection
Microcytic i. Iron deficiency anemia
ii. Thalassemias (due to globin deficiency)
iii. Hypoproteinemia
Macrocytic Deficiency of vitamins B,, and folic acid Secondary to liver disease

1-11

STUDENT OBJECTIVES

After completing this experiment, you should be able to:

1. Indicate the importance of doing TLC in a clinical
setting and in practical physiology.

2. Do the total leukocyte count by the manual method,
and compare its degree of error with the error of RBC
counting.

3. Name the constituents of Turk’s fluid and their
functions.

4. Indicate the precautions you will observe.

. Describe the normal TLC in different age groups.
. Name the different leukocytes, their site of formation,
functions, and regulation of leukopoiesis.
7. Define leukocytosis, leukopoenia, and physiological
and pathological conditions in which they are seen.

o 0

Relevance. Observations and
results.
Principle Dilution obtained.

The Total Leukocyte Count (TLC)
White Cell Count (WCC)

Apparatus and materials Calculations.
Procedures. Sources and degree
of error.

Precautions.
Questions.

Filling the pipette.
Charging the chamber

Relevance

The white blood corpuscles (WBCs; leukocytes)
constitute the major defense system of the body
against invasion by bacteria, viruses, fungi, toxins
and other foreign invaders. Their number is kept
remarkably constant in health, but it increases or
decreases in many diseases, particularly acute and
chronic infections. A clinician generally wants this test
done, along with differential count, Hb, etc. as part
of “full blood count” (FBC or complete blood count,
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CBC) in cases of fever, especially if the cause of fever
is not immediately apparent (pyrexia of unknown
origin, PUO).

PRINCIPLE

A sample of blood is diluted with a diluting fluid which 3
destroys the red cells and stains the nuclei of the
leukocytes. The cells are then counted in a counting
chamber and their number in undiluted blood reported

as leukocytes/mm3.

APPARATUS AND MATERIALS

the illumination, and focus the right upper group
of 16 WBC squares. You will see all the squares
in one field.
Observing all the aseptic precautions, get a finger-
prick, discard the first 2 drops of blood, and let a
good-sized drop to form.
Filling the pipette: Dip the tip of the pipette
in the edge of the drop, draw blood to the mark
0.5 and suck Turk’s fluid to the mark 11. Mix the
contents of the bulb thoroughly for 3—4 minutes.
® Your partner can draw blood up to the mark 1.0
in the second pipette, followed by Turk'’s fluid
to mark 11. This will give a dilution of 1 in 10.

. . . 4. Charging the chamber: Discard the first 2 drops
1. Microscope sCounting chamber with a heavy of fluid from the pipette and charge the chamber
coverslip. eBlood lancet/pricking needle. eSterile on both sides, 1 in 10 dilution on one side and 1
cotton/g:]auze swat:fs. *70% alcohol. ) in 20 dilution on the other. The chamber should
2. WBC-plpettes (Flgur?s 1-6 and 1-14): white neither be over-charged nor under-charged.
bead in bulb, and markl.ngs 0.5, 1'_0’ and 11. T_WO 5. Allow the cells to settle for 3—4 minutes, then
such, clean an-d dry pipettes, with free-rolling carefully transfer the chamber to the microscope.
beads are required. Use the fine adjustment again and try to identify
3. Turk’s fluid. This fluid is used for diluting the the WBCs.

bloqd. . . Under low magnification: The leukocytes

Glacial acetic acid = 1.5 m_l (hemolyze-s RBCs appear as round, shiny (refractile), darkish dots,

without affecting WBCs). with a halo around them. These ‘dots’ represent

Gentian violet (1% solution) =1.5 ml (it stains the nuclei, which have been stained by gential

o the nuclei of leukocytes). violet. The cytoplasm is not stained.

Distilled water to 100 ml. ® Do not confuse with dust particles which have
Note varying sizes and shapes, often angular. They
It would be impossible to count WBCs unless the RBCs are usually opaque, with no *halo’” around them.
were first destroyed. This is achieved by acetic acid. They may be brown, black or yellow in color.
(This concentration does not affect the cell membranes
of WBCs.) The dye gentian violet stains only the nuclei of Important
leukocytes without staining their cytoplasm. When examining cells or counting them, do not keep a

Go through Expt 1-4 on filling the pipette, and Expt 1-5 fixed focus but continuously “rack” the microscope so that
for charging the chamber. the cells and the lines come into and go out of focus. In

this way, you will not miss cells sticking to the undersur-
face of the cover-slip, or confuse dust particles for WBCs.

PROCEDURES

6.

1. Take 1 ml of Turk’s fluid in a watch glass. Place the
counting chamber on the microscope stage. Adjust

Figure 1-14: The WBC pipette. It has 3 markings—O0.5,
1.0, and 11

Switch to high magnification and study the
leukocytes. By racking the microscope, you should
be able to make out the morphology, of these
cells—their round shapes, the clear unstained
cytoplasm, and the deep blue-violet nuclei which
appear lobed in some cells and single in others.
You will also see the remnants of the red cell
membranes; these are called ‘ghost’ cells since
they are faintly visible.



7. Counting the cells: The procedure for counting
the WBCs is similar to that employed for red cells.
® Count the cells under high power lens; once
some practice is gained they can be counted
under low power

® You may count the WBCs in 16 squares under
low power and then under high power and
compare the results

® Count the cells in the 4 groups of 16 squares
each, i.e., in a total of 64 squares

® Draw appropriate squares in your work-book
for entering the counts.

OBSERVATIONS AND RESULTS

Note that the deep brown color of the diluted blood
is due to the formation of acid hematin by the action
of acetic acid on the Hb released from the ruptured
red cells. However, hemolysis and formation of acid
hematin (the principle used for estimation of Hb by
the Sahli method) does not interfere with the counting
of leukocytes.

Calculations
The leukocytes were counted in 64 squares, the
volume of one square being 1/160 mm?.
Volume of 64 squares = 1/160 x 64 = 4/10 mm?.
Thus, the total volume of diluted blood in which
WBCs were counted = 4/10 mm?Z.
Let the count in 4/10 mm?® be = x
Then 1 mm?2 of diluted blood will contain
= x x 10/4 white cells.
Since the dilution employed is 20 times (10 times
in the 2nd pipette)
1 mm? of undiluted blood
will contain = x %< 10/4 x 20
X x 200/4
=x x50
(x < 10/4 < 10 in the 2nd pipette)

This means that multiplying the number of cells in
64 squares with 50 will give the total leukocyte count
(multiply the number of cells in 64 squares with 25
in the 2nd pipette).

Compare the two counts. The difference between
the two should not be more than 10%. It will confirm
the accuracy of your procedures in the two countings.
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Sources and Degrees of Error

The sources of errors are the same as described for
RBC counting and include: pipette error, chamber
error, field error, and experimental error.

The degree of error, which may be 30% or more
in RBC counting, is much less in TLC (about 5-10%)
because of the low dilution employed (1 in 20) in this
case. The error can be further reduced if counting is
done on both platforms of the counting chamber. That
the error in TLC counting is much less important than
that in the RBC count is obvious from the following
example: in a TLC of 8000/mm?3, even an error of
20% will give a count of 9600/mm?2, which is again
well within the normal range.

PRECAUTIONS

1. Observe all precautions described for getting a
finger-prick, filling the pipette, and charging the
counting chamber.

2. Keep all equipment ready before getting a prick.

3. When mixing the blood with the Turk’s fluid, give
sufficient time for complete hemolysis of red
cells. However, ensure that the leukocytes are not
centrifuged towards the ends of the pipette—which
can be avoided by keeping the pipette horizontal
while mixing the contents of the bulb.

4. Continuously “rack” the microscope while
identifying and counting the cells for reasons
described earlier.

5. Though the condition of a charged chamber may
remain stable for 80—90 minutes, the count is
usually stable for 30—40 minutes. After that, the
diluted blood starts receding due to drying and the
count decreases. The counting of the cells should,
therefore, not be delayed.

QUESTIONS

Q.1 How will you differentiate a WBC pipette
from a RBC pipette?
See page 26.

Q.2 What do the three markings on the pipette
indicate? How do you get a dilution of 1 in 20
and not 1 in 22?

See page 27.
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Q.3 What is the volume of the bulb in the WBC
pipette? Why is its bulb smaller than that of the
RBC pipette?
The volume of the fluid in the bulb is 10 times the
volume of fluid in the stem, which can give a dilution
of 1in 10 or 1 in 20. In the RBC pipette, the volume of
the bulb is 100 times the volume of the stem, which can
give a dilution of 1 in 100 or 1 in 200. Since the count
of leukocytes is in thousands/mm?, the blood requires
much less dilution as compared to red cell count which
is in millions/mm3.
Q.4 Whatis the function of the bead in the bulb?
The bead serves 3 purposes:

i. It aids mixing the blood with the diluent.

ii. It helps in identifying the pipette by just looking
at it.

iii. It tells whether the pipette is dry or not. In adry
pipette, the bead rolls freely without sticking to
the inside of the bulb, which would happen if the
bulb were wet.

Q.5 What are the other uses of WBC pipette?
The WBC pipette can be used for diluting the blood
much less for counting RBCs in cases of severe
anemia, or for counting platelets. It can also be used
for counting sperms, and bacteria.

Q.6 What is the composition of Turk’s fluid?
What is the function of each constituent?

The diluting fluid for TLC contains glacial acetic
acid, gentian violet and distilled water. The acid
hemolyzes the red cells, without affecting the WBCs
at this concentration. The dye stains the nuclei of
leukocytes.

Q.7 What is meant by the term ‘glacial’? Why
should the acid in the ‘Turk’s fluid be glacial?
The term glacial means pure acetic acid. Only the
glacial acid can give the typical ‘shine’ (halo) or
clear refractility around the WBCs due to swelling of
nuclei. This differentiates them from dust particles
which are opaque and of different shapes. (It is called
glacial because during its manufacture, it gives the
appearance of a glacier at one stage).

Q.8 Why are the red cells not seen when count-
ing the leukocytes?

The red cells are not seen because they are hemolyzed
by the acid (they would, otherwise, not allow counting

of leukocytes). The remnants of red cell membranes
are faintly visible—the so-called ghost cells.

Q.9 Can any other agent be used to hemolyze
the red cells?

No. Any weak hemolytic agent would take an inor-
dinately long time to lyse them. A strong agent, in
addition to lysing the red cells, will also damage the
leukocytes.

Q.10 What is the normal total leukocyte count?
The normal count in adults ranges between
4000/mm?® and 11,000/mm?3, with an average of
7000/mmés. The count after birth may be as high
as 18,000 to 20,000/mm?, the normal levels being
reached in a few years. In the adults, about 55 to
75% of the WBCs are granulocytes, while in young
children, lymphocytes dominate. The count may be
high in some physiological conditions (see below) such
as heavy exercise, stress, etc. This fact should be kept
in mind while interpreting the results of cell counts.

Q.11 What s the difference between differential
leukocyte count and absolute leukocyte count?
In differential leukocyte count (DLC), the percentages
of various types of WBCs are determined, while in abso-
lute leukocyte count, the number of different WBCs per
mm? are calculated. (This is done from TLC and DLC).

Q.12 What are the various types of leukocytes
and what are their functions?
The WBCs, unlike red cells, contain nuclei but no
hemoglobin. Depending on the presence or absence
of clearly visible and conspicuous, chemical filled
granules (vesicles) in their cytoplasm (that are made
visible by staining), they are grouped into 2 types:
granular and agranular.
a. Granulocytes.
There are 3 types of granulocytes that can be
recognized under the compound microscope
according to the coloration of their cytoplasmic
granules: neutrophils, eosinophils (eosin
loving) and basophils (basic loving).

Note

The neutrophils are often called polymorphonuclear leu-
kocytes; PMNs; polymorphs, or simply “polys”, because
of many differently- shaped nuclear lobes connected by
chromatin threads. The younger cells are often called
‘bands’ because their nuclei are more rod-shaped.




b. Agranulocytes (mononuclear cells).
In contrast to granulocytes whose nuclei are lobed,
the nuclei of agranulocytes are not lobed but
appear as a single mass. Although the cytoplasm
contains chemical filled granules, these are not
visible under the light microscope due to their
small size and poor staining with the usual dyes.

The agranulocytes include: monocytes, and

lymphocytes.

Chief Functions of Leukocytes

The skin and the mucous membranes of the body,
which normally harbor harmful bacteria, and which
are constantly exposed to disease-causing bacteria,
viruses, fungi, parasites and their toxins, form a
formidable barrier and the first line of defense against
these foreign agents. Once these invaders succeed
in breaking down this barrier, they enter the deeper
tissues to cause damage, inflammation and disease.

The chief function of leukocytes is to provide
immunity (protection) against these invaders and
thus constitute an important mechanism of survival
by preserving health and fending off disease. The
immune system consists of task-specific cells that are
in a constant state of vigilance and readiness—like
the branches of armed forces. They recognize the
invaders as “foreign” to the body and engage them
in combat at the site of invasion.

The tissue macrophages (that develop from blood
monocytes and act as the “sentinels”), and neutrophils
(they act as the “infantry” and are transported by
blood to the site of invasion), respond most quickly
and destroy the invaders by phagocytozing them
(both these cells move through the tissues by active
ameboid movements and are attracted to the inflamed
area). Thus, these two types of WBCs, along with
antimicrobial proteins (interferons — alpha, beta, and
gamma, and complement system and natural killer
lymphocytes, form the second line of defense.

The macrophages and various types of lymphocytes
(see next Expt) are the major combatants in the
immune responses against viruses, fungi, some
bacteria, foreign cells and cancer cells (thus they act
as the “artillery” of the body). The tissue macrophages
finally come round to clean up the debris from the
battlefield and carry away the results of carnage.
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Q.13 What is leucopoiesis? Where does it oc-
cur? Are leukocytes being formed in your body
at this time?

Leukopoiesis, i.e., production of WBCs, occurs both
in the bone marrow and in the lymphatic tissues.
The two major lines of WBCs —the myeloid and the
lymphoid — arise from pluripotent (multipotent, or
totipotent) hematopoietic stem cells (PHSCs) in the
bone marrow (see Expt 1-8; Q. 24, and Figure 1-13)
Once they become committed, the different types of
WBCs pass through various stages of development
before entering circulation.

The granulocytes, monocytes, and “lymphocyte
precursors” are formed in the bone marrow (as are
RBCs and platelets) while “blood lymphocytes”
(those seen in blood films) are formed mainly in
the “peripheral (secondary) lymphoid tissue”
scattered throughout the body, such as lymph glands,
tonsils, spleen, Pyer’s patches of intestinal mucosa,
and the “lymphoid nests in the bone marrow”.

Lymphocytes: All ymphocytes come originally from
“bone marrow lymphocyte precursors”, most of
which are released into circulation though some remain
in the bone marrow. Those that enter blood are
pre-processed (programed, specialized) in either of
the two central (or primary) lymphoid tissues—
thymus, or bursa equivalent, as shown in Figure
1-13.

Those that take up residence in thymus are
programed by its environment into T- lymphocytes
(T cells), while those that are processed in bursa
equivalent tissues (fetal liver and bone marrow)
become B lymphocytes (B cells). (In birds, the bursa
of fabricius, a lymphoid structure near cloaca, is the
site of pre-programming of B-lymphocytes).

After pre-processing in the central (or primary)
lymphoid tissue, both T and B cells take up residence
in peripheral (or secondary) lymphoid tissue, as
described above. From these locations, various types
of lymphocytes continue to divide and re-divide and
enter circulation throughout life via the lymphatic
channels.

Thus, after birth, most lymphocytes are being
formed in the peripheral lymphoid tissue, thymus and
spleen, though some are formed in the bone marrow.
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Granulocytes and monocytes are continuously
formed in the red bone marrow to replace those
millions of cells that leave the blood and enter
the tissues, or those that are destroyed. Similarly,
lymphocytes are being formed continuously to replace
those lost.

Note
With the exception of lymphocytes, the other cells of blood
do not divide once they leave bone marrow.

Q.14 How is leukopoiesis regulated?

Over 70 billion WBCs pass from the blood into the
tissues every day, and the same number enter the
circulation from their sites of production. In spite of
these huge numbers involved, the constancy of TLC
suggests a very efficient feed-back mechanism that
controls their production and release.

The substances which stimulate or inhibit this
process appear to be many and varied. They include
colony stimulating factors. CSFs (formed by
monocytes and T lymphocytes); interleukins (formed
by monocytes, macrophages, and endothelial cells);
prostaglandins (formed by monocytes), lactoferrin,
and possibly other agents. All these substances were
collectively called leukocyte promoting factor
(or leukopoietin). Thus, unlike RBCs, the products of
dead and dying cells themselves control leukopoiesis.
The CSF, a glycoprotein present in the body fluids
appears to play an important role in the physiological
regulation of leucopoiesis. During tissue injury and
infection, the bacterial toxins, products of injury, etc.
cause great increase in the rate of production and
release of leukocytes.

Q.15 What are the kinetics, life-span and fate
of leukocytes?

The 3 main varieties of WBCs—granulocytes,
monocytes, and lymphocytes have different origin,
kinetics (within the body), life-span, fate, and
functional characteristics.

Granulocytes

These cells exist in 2 equal populations: the
“circulating pool” and the “marginal pool” (those
sticking to the endothelial cells of closed capillaries,
venules, small veins, and sinusoids). However, there
is a rapid exchange between the two pools (it has a

physiological significance as described below). There
are about 100 billion neutrophils in the blood and the
entire population turns over each day (i.e., removed
and renewed). For each mature cell in the blood, there
are 50—100 such cells held in the bone marrow, which
acts as a reservoir for a few days. The life-span of
these cells after they enter circulation, is not fixed.
They may remain there for 8-10 hours, or enter
the tissues in thousands and millions by emigration
(formerly called diapedesis; adhesion molecules,
called selectins on endothelial cells and integrins
on neutrophils, cause these cells to roll along the
endothelium, slow down, and stick to it and then
squeeze between endothelial cells), never to return
again to the blood. In the tissues, they may live for
a few more days before they die and are ingested
by macrophages. A large number is also eliminated
into the intestine (and out via feces), and into the
respiratory passages. When there is infection, they are
attracted to the site by bacterial toxins and products
of inflammation (histamine, serotonin, bradykinin,
prostaglandins, and reaction products of complement
system and blood clotting). The neutrophils contain
various enzymes which kill the bacteria (see below).
Some enzymes escape from these cells, which liquefy
dead tissues and form pus.

Eosinophils.

Large numbers of these cells are present in the
mucosa of lungs, Gl tract and urinary tract where
they provide “mucosal immunity”. They are weakly
phagocytic.

Basophils

These cells along with tissue mast cells, play a role
in allergic conditions.

Lymphocytes

The lymphocytes, along with lymph, are drained from
the lymphoid tissue into the blood. After spending a
few hours in blood, they pass back into the lymphoid
tissue by emigration from the blood capillaries. They
stay there for some days but re-enter the circulation
via lymph once again. In this way, they may circulate
for months or even years.
Monocytes-Macrophages (Monocyte-
Macrophage System, MMS): The blood monocytes,
which are weakly phagocytic, enter tissues after



2-3 days. In the tissues, they increase in size from
15-20 pm to 90—100 pm, when they become actively
phagocytic. They may remain motile and wander
through tissues, or they may become fixed and
become tissue macrophages. (It appears that they
do not re-enter the blood.) The tissue macrophages
(MMS), formerly called “reticulo-endothelial
system (RES)"”, are strategically located to guard all
points of entry of microbes, etc. They constitute the
body’s 2nd line of defense, and include the following:
histiocytes of skin and subcutaneous tissues,
pulmonary alveolar macrophages (PAMs; or dust
cells), the endothelial cells that line blood sinusoids in
spleen, lymph glands; and bone marrow, cells lining
the lymphatic paths in the lymphoid tissue including
tonsils, the Kupffer cells of liver, osteoblasts of bone,
and the microglia in the brain. Their life-span may be
days, weeks, or 5—6 months.

Normally, the life-span of granulocytes and
lymphocytes is quite different. Whereas the former
may live for 8-10 hours or a few days, most
lymphocytes re-circulate between blood and lymphoid
tissues and may survive for months.

Q.16 What is meant by the terms leukocytosis
and granulocytosis? Name the physiological
and pathological conditions which cause leu-
kocytosis.
Leukocytosis: The term refers to an increase in the
number of WBCs beyond 11000/mm? irrespective
of the type of cells (granulocytes, monocytes,
lymphocytes, etc.) that are involved in raising
TLC. Thus, unless mentioned otherwise (e.g.,
lymphocytosis, eosinophilia, etc.), the term refers
to an increase in the number of neutrophils—the
commonest cause of a raised TLC. The terms
leukocytosis, granulocytosis, and neutrophilia, are
more or less synonymous.
® | eukocytosis is a normal, protective response of
the body to various types of stresses, such as
infections, severe exercise, surgery, tissue injury,
etc.
The TLC may rise due to:
a. Redistribution within the blood: The WBCs
from the “marginal” pool are mobilized and
poured into the circulating blood.
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b. Release from bone marrow reserve: This
is another process by which the number of
WBCs can be raised in a short time.
® These two processes raise the TLC without
increasing their rate of production. There are no
immature cells in the blood. (See “Cooke-Arneth”
count in the next experiment).
c. Increased production and release from
the bone marrow: The TLC rises as a result
of suitable stimulation.

Physiological Leukocytosis

About 95% of the people have a TLC within the
normal range. Physiological leukocytosis (i.e., in
the absence of infection or tissue injury) has no
clinical significance. There is no decrease or absence
of eosinophils (eosinopenia), which is a feature
of leukocytosis due to infection. Physiological
leukocytosis is due to mobilization of WBCs from
the marginal pool or bone marrow reserve (“Shift”
leukocytosis). It is seen in the following conditions:

1. Normal infants: The count may be as high as
18-20,000/mm? but it returns to normal level
within 1-2 years.

2. Food intake and digestion (“digestive
leukocytosis™): There is a mild increase which
returns to normal within an hour or so.

3. Physical exercise.

Mental stress.

5. Pregnancy: The count may be quite high,
especially during the first pregnancy.

6. Parturition: The high TLC is possibly due to tissue
injury, pain, physical stress, and hemorrhage.

7. Extremes of temperatures: Exposure to sun,
or to very low temperature can increase the WBC
count.

>

Pathological Leukocytosis

A rise in TLC in disease is seen in:

1. Acute infection with pyogenic (pus forming)
bacteria: The infection (due to cocci bacteria—
streptococcus, staphylococcus) may be:

a. Localized, such as boils, abscess, tonsillitis,
appendicitis, etc.
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b. Generalized, such as in septicemia and
pyemia, bronchitis, pneumonia, peritonitis,
meningitis, etc.

2. Myocardial infarction: The rise in TLC due to
tissue injury is not seen immediately after a heart
attack but only after 4-5 days.

3. Acute hemorrhage: Maximum response occurs
in 8-10 hours, the count returning to normal in
5-6 days.

4. Burns: Maximum response occurs in 5-15 hours,
the count returning to normal in 2—3 days.

5. Amebic hepatitis.

6. Malignancies: High counts are seen in half the
cases; secondary infection enhances the count.

7. Surgical operations: A postoperative rise is seen
in all cases.

Q.17 What is leukopenia? Name the physi-
ological and pathological conditions causing it.
Leukopenia: The term refers to a decrease in
the number of white cells (usually granulocytes;
granulocytopenia) below the normal lower limit of
4000/mmé.

Physiological Leukopenia

A decrease in TLC under normal physiological
conditions is unusual and rare. Exposure to extreme
cold, even under arctic conditions and in spite of
acclimitization, may reduce the count to only slightly
below the 4000/mm? level.

Pathological Leukopenia

Leukopenia due to disease, where TLC is abnormally

low, is never beneficial to the body. In fact, it may

endanger the life of the patient. The condition is
almost always due to a decrease in neutrophils

(neutropenia) and may be caused by various drugs

used in treatment, radiation, or certain infections as

described below.

1. Infection with non-pyogenic organisms:
Typhoid and paratyphoid fevers, and sometimes
in protozoal infection like malaria.

2. Viral infections: Influenza, mumps, smallpox,
AIDS (Acquired immunodeficiency syndrome).

3. Drugs: Chloramphenicol, sulphonamides, aspirin,
penicillins, cyclosporins, phenytoin, etc. Cytotoxic

drugs used in treating malignancies may also
cause leukopenis by depressing the bone marrow
(other blood cells may also decrease).

4. Repeated exposures to X-rays and radium:
These are used as radiotherapy in cancers, and
cause bone marrow depression.

5. Chemical poisons that depress bone marrow:
Arsenic, dinitrophenol, antimony and others.

6. Malnutrition: Deficiency of vitamin B;, and
folate, general malnutrition, starvation, extreme
weakness and debility.

7. Hypoplasia and aplasia: Partial or complete
depression of bone marrow, i.e., failure of stem
cells, may occur as a result of autoimmunity, and
other factors.

8. Preleukemic stage of leukemias may show
leukopenia.

Note

It is important to remember that leukopenia due to any
cause makes a person more likely to get pyogenic and
other infections. Prolonged leukopenia of more than 15
days increases the risk of many other infections. (Consult
next experiment for neutropenia)

Q.18 What is leukemia and what are its major
types?

Leukemias is a group of malignant (dangerous)
neoplasms (new growths) of WBC forming organs—
bone marrow and lymphoid tissue. There is an
uncontrolled production and release of mature and
immature WBCs into the circulation. The leukemias
(commonly called blood cancers) may be myeloid
(usually involving neutrophils) or lymphatic
(involving lymphocytes), and acute or chronic.

In acute leukemia, there is accumulation of im-
mature cells in the blood. (Acute lymphatic leukemia
is the most common malignancy in children while
acute myeloid leukemia is common in adults.) Chronic
leukemia begins more slowly and may remain unde-
tected for months. Mature cells accumulate in blood,
because they do not die at the end of their normal
life-span.

In most cases the cause is not known. However,
genetic factors, viruses (e.g., human T cell leukemia,
lymphoma virus-1; HTLV-1) chemical factors, and
ionizing radiations (accidents in atomic power plants,



atomic blasts, such as in Hiroshima and Nagasaki
during World War I1), are involved.

Q.19 What is the difference between leuko-
cytosis, leukostasis, leukemoid reaction and
leukemia?

Leukocytosis is an increase in TLC count above
11,000/mm?3, irrespective of the types of cells
involved. It may be physiological or pathological. The
pathological causes include infection and tissue injury.
The count usually does not exceed 20-25,000/mm3
and there are no immature cells in the circulation.

Leukostasis: If the count is more than 100,000/mm?2,
white cell thrombi may form in the brain, lung, and
heart—a condition called leukostasis. Transfusion of
blood before TLC is reduced, increases blood viscosity,
thus increasing the risk of leukostasis.

Leukemoid reaction: It is an extreme elevation of
TLC above 50,000/mm? as a result of the presence
of mature and or immature neutrophils. The causes
include: severe chronic infections, especially in
children, severe hemolysis, malignant growths (cancer
of breast, lung, kidney). It is not leukemia, and can
be distinguished from chronic myelogenous leukemia
(CML) by estimating the leukocyte alkaline phosphatase
(LAP level which is elevated in leukemoid reaction, but
depressed in CML.

Leukoerythroblastic reaction is similar to leukemoid
reaction but with the addition of nucleated red cells
(normoblasts) on blood smear. The causes include:
marrow infiltration by malignancy, hypoxia, and se-
vere anemia.

Leukemia: As described above, leukemia is a
cancerous growth of blood forming organs (bone
marrow or lymphatic tissues). Due to uncontrolled
production, both immature and mature WBCs are
released into circulation. The TLC is generally above
40-50,000/mm? or even a few lacs. Even when the
count is moderately high, it is not called leukocytosis.
Most cells are, however, functionally incompetent.
The term aleukemic leukemia is sometimes used
for the preleukemic stage when blood picture is
normal but the bone marrow study points to leukemia.
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Bone marrow study is always undertaken when
there is a doubt about diagnosis.

Q.20 Name a condition where the TLC may be
markedly high or markedly low.

In leukemia, the count may be within the normal
range, low or greatly increased.

Q.21 What do you know about bone marrow
transplantation? What are its indications?
Bone marrow transplantation is the intravenous
transfusion of red bone marrow from a healthy donor
(commonly taken from iliac crest) to a recipient.
The purpose is to establish normal hemopoiesis
and so, normal blood cell counts in the recipient.
The procedure has been successfully used to treat
certain types of leukemia, some cancers, severe
combined immunodeficiency disease (SCID), some
genetic disorders, hemolytic anemia and so on. The
patient’s defective red bone marrow must first be
destroyed by whole body irradiation and high doses of
chemotherapy. The donor’s marrow must, of course,
be closely matched with that of the recipient to avoid
rejection. The stem cells from the donor’s marrow
settle down and start to grow in the recipient’s bone
marrow cavities, where they begin to produce healthy
cells of various types.

OSPE-

Aim: To dilute the given sample of blood 20 times for

TLC by using diluent and a a pipette provided.

Procedural steps: see page 62.

Checklist:

1. Checks that the pipette is clean, dry, and patent.

(Y/N)

2. Takes sufficient diluting fluid in a watch glass and
sucks blood exactly to the mark 0.5 and confirms
that there is no air bubble. (Y/N)

3. Wipes off blood sticking to the outside of the
pipette tip. (Y/N)

4. Sucks diluting fluid to the mark 11. (Y/N)

5. Holds the pipette horizontally between the palms
and rolls it gently. (Y/N)
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OSPE-II

Aim: To charge the counting chamber for TLC with
diluted blood provided in a Pipette.
Procedural steps: See page 61

Checklist:

1. Checks that the chamber and the pipette are clean
and dry. (Y/N)

2. Places the coverslip on the floor piece and
trenches. (Y/N)

1-12

3. Mixes the contents of the pipette by rolling it
between her palms and discards the first two.

(Y/N)

4. Charges the chamber by slow and controlled

release of diluted blood at the edge of the

coverslip. (Y/N)

5. Allows the diluted blood to spread under the

coverslip to cover the ruled area. Allows the cells

to settle down. (Y/N)

Staining a Peripheral Blood Film

The Differential Leukocyte Count (DLC)

STUDENT OBJECTIVES

After completing this experiment, you should be able to:

1. Describe the relevance and special importance of
preparing and staining a blood smear and doing the
differential leukocyte count.

2. Name the components of Leishman’s stain and explain
the function of each.

3. Prepare satisfactory blood films, fix and stain them,
and describe the features of a well-stained film.

4. Identify different blood cells in a film, and indicate
the identifying features of each type of leukocyte.

5. Differentiate between neutrophils, eosinophils, and
basophils and between a large lymphocyte and a
monocyte.

6. Carry out the differential count and express your
results in their percentages and absolute numbers.

7. Describe the functions of each type of leukocyte

8. List the conditions in which their numbers increase
and decrease.

Relevance Assessment of stained
blood smears
Principle Feature of a well-

stained blood smears

Identification of
leukocytes under Ol

Special importance
of a blood smear

Apparatus and Differentiation between

materials various leukocytes
Steps in DLC Differential counting of
counting leukocytes

Procedures Differential and

absolute leukocytes
counts

A. Preparing the Precautions

blood films

B. Fixing and Questions
staining of
blood films

Observations and results

Relevance

Many hematological and other disorders can be
diagnosed by a careful examination of a stained blood
film. A physician may order a differential leukocyte
count (always along with TLC) to detect infection
or inflammation, determine the effects of possible
poisoning by chemicals, drugs, chemotherapy,
radiation, etc. DLC is also done to monitor blood
diseases like leukemia, or to detect allergic and



parasitic infections. The determination of each type
of WBC helps in diagnosing the condition because a
particular type may show an increase or decrease.

PRINCIPLE

A blood film is stained with Leishman’s stain and
scanned under oil immersion, from one end to the
other. As each WBC is encountered, it is identified until
200 leukocytes have been examined. The percentage
distribution of each type of WBC is then calculated.
Knowing the TLC and the differential count, it is easy
to determine the number of each type of cell per mm3.

Special Importance of a Blood Smear

The special importance of a stained blood smear is
that, unlike any other routine blood test, the smear
can be retained and preserved as a permanent original
record. The slide can be taken out and re-assessed
whenever required after days, weeks, months or
even years. The slide can also be conveniently sent
to specialists for their opinion in doubtful cases.
The stained smears can also provide information
about the morphology and count of red cells and
platelets, and Hb status, besides detecting the
presence of various parasites (e.g. malaria).

APPARATUS AND MATERIALS

1. Microscope. ¢5-6 Clean glass slides. eSterile
lancet. eCotton and gauze swabs. ¢70% alcohol.
eGlass dropper.

2. A drop bottle containing Leishman’s stain.

3. A wash bottle of distilled water (or buffered water,
if available). e Fluff-free blotting paper.

Leishman’s stain. This stain is a simplification of
Romanowsky group of stains. It is probably one of
the simplest and most precise method of staining
blood for diagnostic purposes. It contains a compound
dye—eosinate of methylene-blue dissolved in
acetone-free methyl alcohol.

i. Eosin. It is an acidic dye (negatively charged)
and stains basic (positive) particles—granules of
eosinophils, and RBCs a pink color.

ii. Methylene-blue. It is a basic dye (positively
charged) and stains acidic (negatively charged)
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granules in the cytoplasm, nuclei of leukocytes,

especially the granules of basophils, a blue-violet

color.

ili. Acetone-free and water-free absolute
methyl alcohol. The methyl alcohol is a fixative
and must be free from acetone and water. It
serves two functions:

a. It fixes the blood smear to the glass slide.
The alcohol precipitates the plasma proteins,
which then act as a ‘glue’ which attaches
(fixes) the blood cells to the slide so that they
are not washed away during staining.

b. The alcohol preserves the morphology and
chemical status of the cells.

® The alcohol must be free from acetone because

acetone being a very strong lipid solvent, will,
if present, cause crenation, shrinkage, or even
destruction of cell membranes. This will make the
identification of the cells difficult. (If acetone is
present, the stain deteriorates quickly).

® The alcohol must be free from water since the

latter may result in rouleaux formation and even
hemolysis. The water may even wash away the
blood film from the slide.

Steps in Differential Leukocyte Counting

1. Getting a blood sample from a finger-prick and
making blood smears. If blood is obtained from a
vein, place a drop of blood (through the needle)
on each of the 4-5 slides and spread blood films.

2. Examining the blood smears under LP and HP and
choosing the ideal films for staining.

3. Fixing and staining the blood films.

4. Identification and counting of various leukocytes.

PROCEDURES
A. Preparing the Blood Films

1. Prepare 4 or 5 blood films as described in Expt
1-6.

2. Air dry the slides immediately by waving them in
the air.

3. Examine them under low and then under high
magnifications, and choose the best for staining.
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Note

Aim for ‘ideal’ blood films as already described in Expt
1-6 (shape, area covered, thickness, no striations or
vacules, etc.). Start the next step only if you are satisfied
with the smears.

B. Fixing and Staining of Blood Films

While supravital staining is employed for living
cells, the staining of blood films involves dead cells.
Fixation is the process that makes the blood film and
its cells adhere to the glass slide. It also preserves
the shape and chemistry of blood cells as near
living cells as possible. (See Q/A 8). Staining is the
process that stains (colors) the nuclei and cytoplasm
of the cells. Both these purposes are achieved by the
Leishman’s stain.

Note

If it is not possible to stain a blood film within an hour or
so, it should be fixed by immersing it in absolute methyl
alcohol for 4-5 seconds and then air-dried.

® Since the timings for fixing and staining of the
films with the Leishman’s stain vary with different
batches of the stain, check the timings with the
laboratory assistant.

1. Fixing the Blood Films. Place the slides,
smear side up, on a ‘staining rack’ assembled
over a sink (two glass rods placed across the
sink, with the ends fitted into short pieces
of rubber tubing). Ensure that they are
horizontal.

2. Pour 8-10 drops of the stain on each unfixed
slide by dripping it from a drop bottle, or use
a dropper. This amount of stain usually covers
the entire surface and “stands up” from the
edges of the slides without running off. Note
the time.

3. Allow the stain to remain undisturbed for
1-2 minutes, as advised.

® During this time, watch the stain carefully, espe-
cially during hot weather, and see that it does
not become syrupy (thick) due to evaporation of
alcohol. If the stain dries, it will precipitate on the
blood film and appear as round, blue granules.

This can be prevented by pouring more stain on
the slides as required.

4. Staining the blood film. After the fixing
time is over, add an equal number of drops of
distilled water (or buffered water, if available)
to the stain. If the water is carefully dripped
from a drop bottle or a dropper, the entire
mixture will stand up from the edges of the
slides (due to surface tension) without spilling
over.

5. Mix the stain and water by gently blowing
at different places on the slides through a
dropper, without scratching the smear. A
glossy greenish layer (scum) soon appears
on the surface of the diluted stain. Allow the
diluted stain to remain on the slide for 6-8
minutes, or as advised.

6. Flush off the diluted stain in a gentle stream
of distilled water for about 30 seconds and
leave the slides on the rack for about a minute
with the last wash of water covering them.
Drain the slides and put them in an inclined
position against a support, stained sides facing
downwards (to prevent dust particles settling
on them) to drain and dry. The under sides of
the slides may be blotted with filter paper.

® [You may also try the following method on an
unfixed slide which gives very good results. Cover
the smear with 10 drops of stain. After 30 seconds,
add 20 drops of water, and leave for 15 minutes.

Pick up the slide with forceps (to avoid purple

fingers), and rinse in fast-flowing tap water for 1
second only. Dry as before].

OBSERVATIONS AND RESULTS
C. Assessment of Stained Blood Smears

Before starting the actual counting of WBCs, you
should—

i. Take an assessment of all the blood films.
Examine with naked eye first, and then under
low and high magnifications. Choose the best
stained films for cell counting.

ii. Make sure that you can identify all the leukocytes
with certainty.



® Ensure that you are examining the blood smear
side of the slide. Hold the slide in bright light
and tilt it this way and that to see if there are
any reflections. The clean side shows reflec-
tions, while the side which has the blood smear
appears dull and does not show any reflections.
(You may also scratch the margin of the smear
with a pin).

Features of a Well-stained Blood Smear

1. Naked eye appearance. The smear appears
translucent and bluish-pink when seen against
a white surface, its thickness being uniform
throughout. (It is assumed that an ideal blood
film has been stained).

2. Under low magnifications (100 x). The red
cells appear as dots, uniformly spread-out in a
single layer. The WBCs cannot be differentiated.

3. Under high magnification (450 x). The red
cells are stained dull orange-pink and show a
central pallor (due to biconcavity) which, if wide,
may give the appearance of rings. The WBCs, with
their nuclei deep blue-violet, lie unevenly here and
there among the red cells. The platelets occur in
small groups.

Staining Defects. The staining defects include:
precipitation of stain particles, over staining, or under
staining:

1. Presence of stain granules. Occasionally, round,
solid-looking, deep blue-violet particles of stain
get precipitated all over a blood film. They appear
if the Leishman’s stain is old, or if it has not been
properly filtered, or if it was allowed to dry up on
the slide during fixing. Finally, it may be due to
insufficient washing of the greenish metallic scum
that forms on the stain-water mixture during
staining.

2. Excessively blue appearance. The RBCs appear
deep blue or even bluish-black. The nuclei of WBCs
are stained dark blue, with bluish cytoplasm in
all cells; the PMNs cannot be differentiated. This
appearance may be due to over-staining, over-
fixing, insufficient washing or the use of alkaline
stain or water. It can be corrected by reducing
the fixing and staining times, and proper washing
under running water.
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3. Excessively reddish appearance. In this case
the red cells appear pale pink. The WBCs show
pale blue cytoplasm, while the nuclei typically
appear lighter than the cytoplasm, or even
colorless. This appearance may be due to under-
staining, over- washing or the use of more acidic
stain or water. The defect may be rectified by
re-staining, if required.

4. Faded appearance of blood cells. This may
result from the use of old stain, under-staining,
or over-washing.

Note

The best course in all cases of staining defects is, of
course, to discard such slides and stain fresh smears
using a batch of fresh stain and buffered water for fixing
and staining.

D. Identification of Leukocytes
Under Oil-immersion

Note
The purpose of the following step is not to count the
cells, but only to be able to identify them with certainty.
Place 2 drops of cedar wood oil in the center of the
smear. Bring the oil-immersion lens into position and
focus the cells. Examine the slide all over, at the head and
tail ends, along the edges, and in between these areas.
Identify each leukocyte, as you encounter it, from the
discription given below and in Table 1.2.

Important

Continuously “rack” the microscope as advised earlier,
because it is impossible to identify the cells without do-
ing so. All the cells of the blood, selectively stained and
spread out in a single layer, are clearly seen. In the blood
and tissues, the leukocytes show active ameboid move-
ments. In a blood smear, however, they assume a round
shape due to surface tension.

a. Cells seen in a Blood Film. The following cells
can be identified:

1. The red cells. Stained orange-pink, the red
cells appear as numerous, evenly spread out,
non-nucleated, biconcave discs of uniform
size of 7.2-7.8 um. Normally, the central
paleness occupies the middle third of the
cells but is wider in anemias. There may be
some overcrowding and overlapping, or even
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rouleaux formation in the head end of the
blood film.

2. The leukocytes. Five main types of WBCs
are commonly seen in blood films. They
are all larger than the red cells, nucleated,
and unevenly distributed here and there
among the red cells. They include 3 types of
granulocytes (polymorphonuclear leukocytes,
PMNs; neutrophils being the most numerous),
and 2 types of agranulocytes (monocytes and
lymphocytes). A sixth type of leukocyte, the
plasma cell, is occasionally seen in the blood
films. The plasma cells are found in abundance
in the lymphoid tissues. It is a specialized
lymphocyte (B lymphocyte) that secretes
antibodies. The chromatin of this cell gives a
typical “cartwheel” appearance.

There are fewer and poorly-stained WBCs in
the head end and the extreme tail; and some
of these may be distorted. There appear to
be more monocytes in the tail end, probably
dragged there by the spreader because of
their larger size. Plenty of leukocytes are
found along the edges though they may be
poorly stained.

Population-wise, neutrophils are the
most numerous leukocytes, then come the
lymphocytes, monocytes, eosinophils, and
basophils, in that order.

3. The Platelets. They are membrane-bound
round or oval bodies, with a diameter of 2—4
um. They lie here and there in groups of
2-12, which is an in vitro effect, i.e. they do
not form clumps in the circulating blood. They
stain pink-purple, and being fragments of
megakaryocytes, they do not possess nuclei.

b. Identifying a Leukocyte. A leukocyte is
identified from its size, its nucleus, and the
cytoplasm—its color, whether vesicles (granules)
are visible or not, their color and size if visible,

and the cytoplasm/nucleus ratio (Figure 1-15).

1. Size. The size of a WBC is assessed by
comparing it with that of the surrounding red
cells which have a uniform size of 7.2—7.8 um.
Try to assess whether 1Y%, 2, or 3 red cells
will span across a leukocyte under study.

2. The nucleus. Note if the nucleus can be
clearly seen through the cytoplasm and
whether it is single or lobed. If single, note
its location—central or eccentric, its shape—
round, oval, or horse-shoe or kidney-shaped.
Study its chromatin and whether condensed
and lumpy or open and reticular. If lobed,
count their number. Also note whether the
lobes are connected by chromatin filaments
or wider bands (Figure 1-15).

3. The cytoplasm and cytoplasmic granules.
The cytoplasm may or may not show “visible”
granules, or they may be very fine and not
visible separately. Note the color of the
cytoplasm and the granules, whether neutral
color (light violet-pink taking up both acid and
basic stains), or large and coarse—brick-red or
red-orange (eosinophils) or deep blue-violet
(basophils).

4. Cytoplasm nucleus ratio. Note the amount
of cytoplasm in relation to the size of the cell
and the nucleus.

Important

Whenever there is a doubt about a cell, try to draw its
diagram exactly as you see it—its size (draw 2—3 RBCs
alongside), nucleus (single or lobed, and how they are
connected to each other), and the cytoplasm—its gran-
ules, their size and color, etc. In most cases, this will
make the identification possible.

E. Differentiation Between
Various Leukocytes

The students often find it difficult to differentiate
between a neutrophil and an eosinophil, and between
a monocyte and a large lymphocyte.

Neutrophils, Eosinophils, and Basophils. All
these cells are about the same size (10-14 um) and
have lobed nuclei. Neutrophils (polymorphonuclear
leukocytes, PMNs, nuclei of many shapes) are the
predominant WBCs. Their usual 3-5 lobed nucleus,
and the fine, sand-like, sky-blue cytoplasmic granules
identify them easily. The granules are not visible
clearly and separately even with Leishman’s stain,
but give the cytoplasm a ground-glass (translucent)
appearance. Some difficulty may arise when its
nucleus has 2 lobes (which may appear spectacle-
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Flgure 1-15: Different types of blood cells in a blood film stained with Leishman's stain. The size, shape of the nucleus,
and staining features of the cytoplasmic granules distinguish them from one another. (A) Whiteblood cells, their microscopic
appearance, diagrams, diameter, and their percentage of TLC is shown. (400 X) (B) White blood cells. (1000 X)

shaped) and there appear to be visible granules in
the cytoplasm. Such a cell is likely to be mistaken for
an eosinophil or a basophil.

However, the presence of 15-20 round or ovoid,
coarse, closely-packed, refractive (shining), even-
sized, red-orange or brick-red acidophilic (= acid
or eosin loving) granules; and the clearly visible 2
lobes of the nucleus connected with a thick band of
chromatin (spectacle-shaped nucleus) are typical

of an eosinophil (the nucleus may sometimes be
obscured by the granules).

The basophil (a rare cell of the blood) may be of
the same size but is commonly smaller. The nucleus,
which is bilobed or S-shaped, is usually obscured
(covered, making it indistinct) by the deep blue-violet,
basophilic (= basic loving) granules. These granules
are round, variable-sized, coarse and closely packed
(Figure 1-15).
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Table 1-2: Appearance of white blood corpuscles in a stained blood film

Cell type Diameter  Nucleus Cytoplasm Cytoplasmic granules
(Lm)
Granulocytes
Neutrophils 10-14 e Blue-violet e Slate-blue in color |® Fine, closely-packed
(40—70%) (1.5-2X |e 2-6 lobes, con- violet pink
a RBC) nected by chroma- e Not seen separately
tin threads Seen e Give ground-glass ap-
clearly through pearance
cytoplasm e Do not cover nucleus
Eosinophils 10-15 e Blue-violet e Eosinophilic e Large, coarse
(1-6%) e 2-3 lobes, often e Light pink-red e Uniform-sized
bi-lobed, lobes e Granular e Brick-red to orange
connected by thick e Seen separately
or thin chromatin e Do not cover nucleus
band
e Seen clearly
through cytoplasm
Basophils 10-15 e Blue-violet e Basophilic e Large, very coarse
(0—1%) e Irregular shape, e Bluish e Variable-sized
may be S-shaped, e Granular e Deep purple
rarely bilobed e Seen separately
¢ Not clearly seen, e Completely fill the cell,
because overlaid and cover the nucleus
with granules
Agranulocytes
Monocytes 12-20 e Pale blue-violet e Abundant ¢ No visible granules
(5—-10%) (1.5-3 X | e Large single e ‘Frosty’
a RBC) e May be indented e Slate-blue
horse-shoe, or e Amount may be
kidney shaped larger than that of
(can appear oval or nucleus
round, if seen from
the side)
Small
Lymphocytes
(20-40%b) 7-9 e Deep blue-violet e Hardly visible e No visible granules
e Single, large, e Thin crescent of
round, almost fills clear, light blue
cell. cytoplasm
e Condensed, lumpy
chromatin, gives
‘ink-spot’ appear-
ance
Large 10-15 e Deep blue-violet e Large, crescent e No visible granules
lymphocytes e Single, large, round of clear, light blue
(5—-10%2) or oval, almost fills cytoplasm

cell
May be central or
eccentric

Amount larger
than in small lym-
phocyte




Note
A degenerating neutrophil is occasionally confused for
a basophil.

It is said that one should label a cell as basophil only
when one is absolutely certain of its identification.

Small and large lymphocytes. Though small
(79 pm) and large (10-15 um) lymphocytes are
commonly seen, a few intermediate cells also occur.
The small lymphocyte, filled with a round or slightly
indented and intensely blue-violet nucleus, and hardly
containing any cytoplasm, is easy to differentiate
from a large lymphocyte. It is about the size of a red
cell, and its condensed chromatin gives it an ink-spot
appearance. The bigger size of the large lymphocyte,
with a round, oval, or indented nucleus, and larger
amount of cytoplasm, which forms a small crescent on
one side, help to identify it. However, the cytoplasm
may form a thin rim around the nucleus in both cells.
(The small lymphocyte is the more mature of the
two cells).

® A plasma cell shows the typical “cartwheel”

appearance of the chromatin of its nucleus.

Monocyte and large lymphocyte. The monocyte,
which is the largest of the blood cells (12—20 pm) and
2-2"% times bigger than a red cell, can be identified
by its pale-staining, oval, kidney or horseshoe-shaped
nucleus, which is usually eccentric. The difficulty in
differentiating it from a large lymphocyte may arise
when the cell is seen from the side when it will appear
oval or round. (The kidney shape of the nucleus
cannot appear so from all directions). Then the much
larger amount of pale-blue cytoplasm (about 1-2
times the size of the nucleus), as compared to a large
lymphocyte (where it forms only a rim or crescent),
and its frosty nature helps to identify it.

Caution

Occasionally, deep blue-violet, solid-looking granules
of precipitated stain may appear on a blood film. These
uniformly round artifacts, spread all over the film, should
not be mistaken for cells, especially platelets.

F. Differential Counting of Leukocytes

1. Draw 200 squares in your workbook for recording
various WBCs as they are encountered and
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identified one after another. Enter these cells

by using the letters ‘N’ for neutrophils, ‘M’ for

monocytes, ‘LL’ for large lymphocytes, ‘SL’ for
small lymphocytes, ‘E’ for eosinophils, and ‘B’ for
basophils.

® You can indicate these cells in a column
(instead of the 200 squares), and as you iden-
tify a cell, put a short vertical stroke against
that cell. In this way, you can place different
types of cells in groups of 5, a horizontal stroke
representing the 5th cell (e.g. Neutrophils =
HH 111, etc.)

2. Place a drop of cedar wood oil on the right upper
corner of the film, a few mm away from the head
end. Bring the oil immersion lens into position till
it enters the oil drop. Adjust the focus.

* Do not flood the entire surface of the slide with
oil; as you move the slide, the oil will move with
the objective lens.

3. Move the slide slowly to the right (the image will
move to the left) and as you encounter a leukocyte,
identify it, and enter it in your workbook. As you
approach the end of the smear, move 2 fields
down and scan the film in the opposite direction.
As you near the head, again move 2 fields down
and scan the film towards the tail. Traverse the film
in this to and fro fashion till you have examined
200 cells (count 400 cells for good results). This
“battlement” procedure, as shown in Figure 1-9,
ensures that you do not count a leukocyte more
than once.
® The possibility of WBCs sticking to the edge of

the spreader should be kept in mind.

4. Recount. After you have, counted 200 (or 400)
cells, count the leukocytes once more, starting
from the lower left corner of the film, and going
up in the “battlement” procedure.

Differential leukocyte count. When counting
has been done, calculate the percentage of each
type of cell in your count of 200 (or 400) white
cells. The neutrophils are the prominent cells of
the blood and constitute about 50-60% of the
WBCs. The next predominant cells are lymphocytes
(20—-40%), which may be small or large. The third
cell in the order of population is the monocyte which
constitutes 8—-10% of the WBCs.



Hematology

Absolute leukocyte count. Use your value of TLC
(though it should be done at the same time as DLC)
obtained in the last experiment to express these
percentages in terms of absolute values of each type
of leukocyte per mm? of blood.

The absolute values are more significant than
the DLC values alone. The reason is that the DLC
may show only a relative increase or decrease of a
particular type of cell with a corresponding change in
the other cell types. For example, a neutrophil count
of 85% may suggest neutrophilia, but if the TLC is,
say, 8000/mm?, then the absolute neutrophil count of
6800/mm? (8000 x 85/100 = 6800) would be within
the normal range.

Normal values. The normal values for differential
and absolute counts are given below:

Differential (percent) Absolute count
count (per mm3)
Neutrophils 40-75 2000-7500
Eosinophils 1-6 4-440

Basophils 0-1 0-100
Monocytes 2-10 500-800
Lymphocytes 20-45 1300-3500
(both)

Spell out your results clearly, showing the percentage
and absolute value of each type of leukocyte. Indicate
whether your results lie within the normal range.

Note

When counting the cells in a blood film, you can make
a rough estimate of the TLC depending on whether the
cells appear more frequently, or are sparsely populated
amongst the red cells.

Diagrams

While drawing the diagrams of the leukocytes in your
workbook, keep in mind the size of the cells in relation
to that of red cells. Use appropriate colors to represent
the nuclei and the cytoplasm.

PRECAUTIONS

1. Observe all precautions described in Expt
1-6 for making blood films.

2. Absolutely clean, grease- and dust-free slides
must be used.

3. When taking blood on to the slide before spreading
it, do not touch the skin with the slide but only the
periphery (top) of the blood drop. This is to avoid
taking up epidermal squamous cells or sweat. (Do
not place the slide on the table and then touch
the blood drop on to it. You will not be able to see
how much blood has been taken).

4. Do not allow Leishman stain to become syrupy
(thick) or dry up on the slide as this is likely to
cause precipitation of the stain.

5. Avoid tap water for diluting the stain, and for
washing off the diluted stain after ‘staining’,
because methylene-blue components may not
stain the cells properly.

6. The Leishman stain should be kept in well-
stoppered bottles. After use, the stopper should
always be turned so as to keep out air from
the solution. (The stain can be kept for months
provided it is kept in airtight bottles).

7. Avoid bringing the stained film in contact with
alcohol. If you do this, the stain will be extracted
in a few seconds.

8. When counting the cells, use the “battlement”
method. This is to avoid counting a cell twice.

9. Avoid counting the leukocytes in the extreme
ends of the head or tail, and along the edges of
the blood film.

QUESTIONS

Q.1 Name the methods employed for studying
the blood cells. Which method is most com-
monly used?

Since the blood cells are suspended in fluid plasma,
they can be studied in the form of a “drop
preparation” (Expt 1-6), or a “thin blood film” spread
on a glass slide (Expt 1-6). Also, a “thick blood
film” can be made by taking a drop of blood on a
glass slide and spreading it in a thick film with the
corner of another slide. A thick film can also be made
by placing a drop of blood between two coverslips
and then pulling them in the opposite directions. It
is employed in studying malarial parasite, etc. In
“centrifugal method”, a drop of blood taken on a
glass slide used to be centrifuged so that it spread
across the slide in a thin layer.



The “glass slide method”, also called the “wedge
method” (because the blood film resembles a wedge,
wide at one end and tapering a the other), used in this
experiment is the one that is most commonly used.
A properly spread film is about 10-20 um thick.

Q.2 How are the glass slides cleaned?
See Expt 1-6.

Q.3 What precautions will you take while pre-
paring blood films? Why are 4 or 5 (or more)
slides prepared at a time?

A number of slides are prepared for 2 reasons: one,
to get practice in the procedure, and two, the best-
stained slide can be chosen for counting the cells.

Q.4 Why should the blood film be dried quickly
soon after spreading it?
See page 36.

Q.5 What are the features of an ideal blood
film?

See page 72.

Q.6 What is the composition of Leishman’s
stain and what is the function of each compo-
nent? Why should the stain be acetone free?
See page 70.

Q.7 What is buffered water? Why should it be
preferred over distilled water?

Buffered water is phosphate buffer in which the pH is
adjusted at 6.8. At this pH, there is optimal ionization
of the stain particles so that they can penetrate the
cells better. The buffer is prepared by dissolving
3.7 g of disodium hydrogen phosphate and 2.1 g of
potassium dihydrogen phosphate in distilled water
made to 1000 ml. The pH is tested with a pH meter.
If it is lower, the former is added; if it is higher than
6.8, the latter is added till the desired pH is reached.

Q.8 Why is Leishman’s stain diluted after 1-2
minutes? What happens to the blood film dur-
ing this period?
During the fixation period of 1-2 minutes, the
pure absolute alcohol serves two purposes: one, it
precipitates the plasma proteins, which act as glue
and attach (fix) the blood cells on to the glass slide,
and two, it preserves the shape and chemistry of cells
to as near the living state as possible.

The cells are not stained during this time, because
the stain particles cannot enter the cells in their
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unionized state. Their ionization occurs only when
water is added to the salts in the undiluted stain. (If
diluted stain were added to start with, the blood smear
itself would be washed away. Diluted Leishman’s stain
can be used if the blood film is first fixed in absolute
alcohol).

Note

The appearance of the glossy greenish scum (layer)
floating on the surface of the diluted stain shows that
the staining has been done properly. If the scum does
not float, it means it has been deposited on the surface
of the blood smear. The cells will now look hazy under
the microscope.

Q.9 Can tap water be used for diluting the stain
after fixation?

Tap water should not be used because the methylene-
blue components (methylene-blue plus methylene-
azure formed from the former) may not stain the cells
due to the unknown pH and salt content of this water.
Also, tap water may contain impurities that may show
up as artefact on the blood film.

Q.10 Can any other stain be used for blood
films?
Yes. Giemsa’s stain, like Leishman stain, is a mixture
of methylene-blue methylene-azure, and eosin. Since
it is an aqueous stain (i.e. containing water), the
film is first fixed in absolute methyl or ethyl alcohol
for 3-5 minutes. It is then stained in a staining-jar
containing the diluted stain. The staining is very
similar to Leishman’s.

Wright's blood stain is still another stain commonly
used in some laboratories

Q.11 What other information can be obtained

from a blood film?

The other applications of blood film are:

1. Diagnosis of malaria, from malarial parasite seen
in the red cells.

2. Diagnosis of leukemia from the type of blast cells.

3. Various parasitic infections, like filariasis,
trypanosomiasis, etc.

4. Sex determination can be done from the presence
of female sex chromatin which appears as a “drum
stick” (bar body) attached to a lobe of neutrophil
nucleus.

5. Study of morphology of red cells in various types
of anemias.
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Q.12 Why is cedar wood oil used with oil-
immersion objective?
See Expt 1-1.

Q.13 Which part of the blood film should be
avoided for counting the cells? Which is the
best part?

The ‘head’ (start) of the film and the extreme tail
should be avoided because these areas contain fewer
cells which are commonly distorted. They should
also be avoided in the extreme edges. The area,
in between these regions is the most suitable for
counting leukocytes.

Q.14 Which is the largest cell in the blood film?
Which is the smallest ? How do you assess the
size of a cell?

The monocyte is the largest cell in a blood film. Its
diameter is usually 15-18 um, though a few may
be somewhat smaller and others a little larger than
these. The diameter of small lymphocytes varies
between 7-9 um. So, a few may be slightly smaller
than the red cells.

Normally, the size of the red cells is unchanging—
being 7.2—-7.8 pm. Therefore, the size of a WBC can
be estimated by assessing how many RBCs will span
across a given leukocyte.

Q.15 What is a micrometer?

Micrometer is a measure of length in the SI system.
The prefix ‘micro’ means a millionth (10-6). Thus, a
micrometer is one millionth of a meter. A millimeter
is one thousandth of a meter (milli = one thousandth,
107%). A micrometer (um) would be one thousandth
of a millimeter. (It is difficult to imagine how much a
um would be, because raising 10 to the power -6 does
not tell us much. If it is remembered that a human
hair is about 1/10 of a mm (100 pm) thick then one
can imagine the diameter of a red cell, which will be
about 1/13 of a hair thickness; i.e. about 13 red cells
will span across the thickness of one hair).

Q.16 Have you seen all the different leu-
kocytes? Which WBC did you find difficult to
identify?

(The student should be able to answer this question
in the affirmative. Then one should describe one’s
experiences in identifying these cells).

Q.18 Can the Leishman’s stain be used for any
other purpose than for staining a blood film?
Yes, the Leishman’s stain is excellent for all body
fluids containing cells.

Q.17 How are leukocytes classified?
Consult Q/A 12 Expt 1-11.

Q.19 What are the functions of various leu-
kocytes?

Neutrophils

The neutrophils (along with tissue macrophages) are
the first to arrive at the site of invasion by microbes.
The toxins from the bacteria and kinins from damaged
tissues, and some of the CSFs attract more and more
of these cells by chemoattraction (chemotaxis). The
bacteria, which are made more ‘tasty’ by a coating
of opsonins (IgG, and a CSF), are then phagocytozed
by the neutrophils. Once the bacteria are ingested
by a process of endocytosis, they get enclosed in
membranous phagosomes within the neutrophils.

The neutrophil cytoplasmic granules contain
various enzymes and chemicals that can kill bacteria
and fungi within fractions of a second. These include
3 main groups of chemicals:

a. Lysozymes, proteases, and myeloperoxidases.
b. Proteins called ‘defensins’ (o and (), form peptide

“spears” that punch holes in bacterial membranes so

that the resulting loss of cell contents kills the bacteria.
c. A group of strong oxidants, which kill the bacteria

within fractions of a second, includes: superoxide

(05, oxygen carrying an extra electron), hypochlo-

rite (OCI"), hydroxyl, halide, and hydrogen peroxide.

The neutrophil granules fuse with the phagosome
and discharge the above-mentioned chemicals. In this
way, each neutrophil can kill 8-10 bacteria before it
itself is killed in the defence of the body.

The neutrophils also release leukotrienes,
prostaglandins, thromboxanes, etc. that bring about
the reactions of inflammation, like vasodilation and
hyperemia, edema, redness, and pain. (All these are
part of the body’s defences).

Note

The myeloperoxidases catalyze conversion of Cl—, Br—,
and |- to the corresponding acids, which are potent
oxidants.




Eosinophils

Large numbers of eosinophils are present in the

mucosa of lungs, and gastrointestinal and urinary

tracts, where they provide “mucosal immunity.” They
play the following roles:

1. Antiallergic role. These cells are believed to
release enzymes such as histaminase, leucotriene
C,, aryl sulphatase, which neutralize the effects
of histamine and other agents involved in allergic
inflammation.

2. Phagocytic function. These cells are weakly
phagocytic and so not of much use against
the usual bacteria. However, they can ingest
(phagocytose) and destroy antigen-antibody
complexes; this prevents further spread of local
allergic inflammation.

3. Antiparasitic action. The eosinophils are
effective against certain parasites that are too big
to be engulfed, e.g. larvae of trichinosis, (pork
worm), schistosomiasis, etc. These cells attach
themselves to these parasites and their granules
release hydrolytic enzymes, reactive form of
oxygen (superoxide), and the larvicidal agent
called ‘major basic protein’ (MBP) which destroy
the parasites.

Basophils
Like mast cells, the basophils liberate histamine,
heparin and serotonin. Heparin prevents blood clotting
and also removes fat particles from blood after a
fatty meal.

Basophils collect where allergic reactions are
taking place e.g. lung in asthma, and connective
tissue in skin allergy. Here they release histamine,
serotonin (5 HT), bradykinin, eosinophil chemotactic
factor, slow-reacting substance (SRS), and other
chemicals. These agents promote and intensify the
inflammatory reactions and are involved in immediate
hypersensitivity reactions.

Thus, though eosinophils and basophils appear to
have opposite effects in allergy, they act in a balanced
manner to control the harmful effects of the offending
antigens.

Monocytes, (the monocyte-macrophage sys-

tem, MMS; formerly called reticuloendothelial
system, RES).
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The monocytes, after spending a day or two in the
circulation (here they are immature), enter the tissue
where they increase in size and become actively-
phagocytic tissue macrophages. They guard all the
possible points of entry of foreign invaders. (Consult
Q/A 15, Expt 1-11) for details. They become activated
by T lymphocytes.

The activated tissue macrophages migrate in
response to chemotactic stimuli and engulf, and kill
the bacteria by processes similar to those seen in
neutrophils. Over 100 chemicals are secreted by
these cells, including most of the bactericidal agents
described for neutrophils. They also contain lipases
which dissolve the lipid coating of bacteria like
tuberculosis and leprosy. Each macrophage can Kill
up to 100 bacteria before it itself is killed.

The macrophages also play an important role in
immunity. They pass (present) the partly-digested
antigens of the organisms directly to T and B cells,
thus activating them to perform their specific
functions in immunity.

Lymphocytes

They play a fundamental role in immune responses
of the body.

Types of Lymphocytes. There are 3 primary
lymphocyte populations: T- lymphocytes,
B-lymphocytes, and third party or nil (non-T, non-B)
lymphocytes. The function of 3rd party cells is not
clear, and unlike T and B cells, they do not contain
antigen receptors in their plasma membranes.
Innate or Inborn Immunity. This immunity is
present from birth and does not require first exposure
to foreign agents (antigens). The cells involved
include: neutrophils, macrophages, natural killer
(NK) cells, and large lymphocytes that are cytotoxic.
Acquired Immunity. (“My” body contains a huge
variety of chemical substances, especially proteins,
which are part of me and constitute my “self” material.
Material which is not part of me, such as another
person’s cells, or microbes, etc. which invade the
body, is “nonself” material).

The key to acquired immunity is the inborn ability
(without first exposure) of lymphocytes to recognize
a billion or more nonself antigens. Before T cells and
B cells leave thymus and bone marrow, they start to
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form a number of distinct proteins that are inserted
into their plasma membranes. Many of them function
as antigen receptors (“T cell markers” or “T cell
receptors”, TCRs) in T cells and “surface antibody
receptors” in B cells. In addition to antigen receptors,
they also contain other markers, which have been
given CD (clusters of differentiation) numbers. Most

cytotoxic T cells have glycoprotein CD8 and helper T

cells have glycoprotein CD4. These proteins are closely

associated with T cell receptors and may function as
coreceptors.

Types of Acquired Immunity. There are 2 types of

acquired immunity: humoral and cellular.

a. Humoral Immunity. Itis mediated by circulating
antibodies (immunoglobulins) that circulate in
the gamma globulin fraction of plasma proteins.
Activated B cells develop into plasma cells and
each cell can secrete up to 2000 specific antibody
molecules. Humoral immunity is the major defense
against the common bacteria.

b. Cellular (“cell mediated”) Immunity. There
are 4 main types of T cells that take part in this
type of immunity: helper/inducer (T4 cells),
suppressor (Ts or T8) cells, cytotoxic (Tc, killer
cells), and memory T cells. The cellular immunity
is the major defense against viruses, fungi, some
cancer cells, and foreign cells/tissues.

After an antigen (e.g. a microbe) is phagocytosed
by tissue macrophages and other antigen presenting
cells (APCs, such as dendritic and Langerhan cells of
the skin) it is processed. Some of the partly digested
products are presented to T and B cells which get
activated.

Q.20 What is human immunodeficiency virus
(HIV)? How does it affect immunity?

HIV is the causative agent of a very serious world-
wide disease—AIDS, in which there is a progressive
destruction of the immune system. The disease was
first described in patients receiving transfusions of
blood or blood products. Its mode of spread is now
well-known.

The HIV is a retrovirus whose genetic information
is carried in RNA instead of DNA. The virus binds to
CD4 and enters the host’s T4 (helper/inducer) cells,
where an enzyme reverse transcriptase (a part of HIV)
makes millions of DNA copies of viral RNA. The loss of

CD4 helper cells results in failure of proliferation of CD8
and B cells. For a few years, the body is able to replace
these killed cells but then their number progressively
decreases. The result is a variety of opportunistic
infections that are the ultimate cause of death.

Q.21 How does the immune system respond to
tissue and organ transplantation?

In organ and tissue transplantation, a diseased
or injured organ (e.g. heart, kidneys, lungs, liver,
pancreas) is replaced with an organ donated by
some other person. Generally, the proteins in the
transplanted organ are recognised by the immune
system as “foreign” or “nonself”. The system
reacts by both cell-mediated and antibody-mediated
responses against the nonself material, which is
destroyed. This phenomenon is called graft rejection.
This is generally true even if donor and recipient are
closely related. The only transplants that are not
rejected are those from identical twin.

To reduce the chance of rejection, blood grouping
and tissue typing is done to check incompatibility.
The recipient also receives azathioprine (a purine
antimetabolite) to kill T cells, glucocorticoids to inhibit
cytotoxic T cells proliferation, and cyclosporine.

The cause of graft rejection is the mismatching
between a special group of antigens called “major
histocompatibility complex (MHC)"” of the donor
and those of the recipient. These antigens, which are
glycoproteins, are also called “human leukocyte
associated (HLA) antigens, because they were first
identified on WBCs. Thousands to many hundreds of
thousands MCH molecules (which are unique to every
person except in identical twins) are present on the
surface of all body cells (except RBCs, which have
blood group antigens). Though MHC antigens are
involved in tissue rejection, their normal function is
to help T cells to recognize that an antigen is foreign,
not self, which is an essential first step in any immune
response.

Q.22 How would you differentiate between
neutrophils, eosinophils, and basophils?

See pages 79, 80.

Q.23 How will you differentiate between a
small and a large lymphocyte?

See page 76.



Q.24 How will you differentiate between a
large lymphocyte and a monocyte?
See page 76.

Q.25 What is the clinical importance of doing
DLC?

The differential count is done to find out if there is
an increase or decrease of a particular type of WBC.
Knowing the TLC, the absolute number of each type
can be calculated. This information is important in
detecting infection or inflammation, allergic and
parasitic infections, and effects of chemotherapy and
radiation therapy.

Q.26 What is absolute leukocyte count and
what is its importance?
See page 77.

Q.27 Can you get a rough idea of total leuko-
cyte count while doing DLC?
See page 77.

Q.28 How does the DLC of a child differ from
that of an adult?

While granulocytes predominate in an adult where
they form 50-70% of the TLC, the lymphocytes
predominate in children where they form up to 40-
50% of TLC.

Q.29 Isit possible to know the sex of a person
from the blood film?

Yes. It is possible to do so. In females, the chromatin
of the sex chromosome is seen as a “drum-stick” (Barr
body) extending from one lobe of the nucleus into the
cytoplasm. However, it is not visible in all neutrophils.

Q.30 What is meant by the terms neutrophilia
and neutropenia, and what are their causes?
The suffix “-philia” means an increase in the number
and the suffix “-penia” means a decrease in the
number (of cells).

Neutrophilia. Increase in neutrophils in absolute and
differential counts is called neutrophilia. (Leukocytosis
or granulocytosis are a result of neutrophilia). It
is the usual response to certain physiological and
pathological stimuli. In the latter case, relatively
younger cells appear in blood and cause “left shift”
(see below). The causes include physiological and
pathological. (See Q/A 16 Expt 1-11).
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Physiological neutrophilia. It is seen in muscular
exercise, physical and mental stress, after meals, and
during pregnancy and after parturition. Neutrophils
are mobilized from the “marginal” and “bone marrow”
pools. There is no new formation of these cells.

Pathological neutrophilia (absolute count =

>10,000/mm?) can be due to:

1. Acute infections, especially localized due to pus-
forming bacteria (streptococci and staphylococci),
such as superficial or deep abscess, boils,
tonsillitis, appendicitis, pneumonia, lung abscess.

2. Surgery, trauma, burns, acute hemorrhage,
hemolysis.

3. Tissue necrosis (tissue death); myocardial,
pulmonary, renal infarction, amebic hepatitis,
malignancies.

4. Drugs: Adrenaline, glucocorticoids (mobilization
of marginal and "sequestered” cells in closed
capillaries). No left shift.

Neutropenia (absolute count = < 2500/mm?3).
The terms leucopenia and granulocytopenia, usually
mean neutropenia. Neutropenia is never beneficial.
The major effect is a reduced ability of the patient to
localize and confine infections (especially if the count
is < 1000/mm?). The infection may spread to blood
and cause septicemia, a serious emergency.
Infections with usual organisms, which rarely
cause disease in normal persons (e.g. fungi, viruses
like herpes simplex and herpes zoster), called
“opportunistic infections”, may cause a serious
condition if neutropenia is prolonged (>15 days).

Physiological neutropenia is unusual and rare.

Pathological neutropenia. The causes are:

1. Typhoid and paratyphoid infections, viral influenza,
kala azar.

2. AIDS.

3. Depression of bone marrow due to drugs,
chemicals, radiation, etc.

4. Autoimmune disease—the neutrophils are de-
stroyed by neutrophil antibodies (The autoimmune
diseases are due to immune responses against
one’s own “self ” material, other examples are
diabetes mellitus, rheumatoid arthritis, purpura,
etc).
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5. Severe overwhelming infection—the neutrophils
are “used up” at a much faster rate than they are
produced.

Q.31 Enumerate the conditions that cause eo-

sinophilia and eosinopenia.

Eosinophilia (absolute count = > 500/ mm?3).

The causes are:

1. Allergic conditions: Bronchial asthma, skin diseases
like urticaria, eczema, and food sensitivity, etc.

2. Parasitic infections: Intestinal worms like hook-
wormes, tapeworms, round worms, especially those
which invade tissues.

Eosinopenia (absolute count < 50/mm?3). The
causes include: acute stressful illness, Cushing’s
syndrome (excess steroids), ACTH, and glucosteroid
treatment, and acute pyogenic infections.

Q.32 Name the conditions where basophils
increase and decrease in number.

Basophilia (absolute number = > 100/ mm?).
The condition is seen in viral infections (influenza),
allergic diseases, smallpox, and chickenpox.
Basopenia. It is seen in acute pyogenic infections
and during glucocorticoid treatment.

Q.33 What is leukemoid reaction?
See Q/A 19, Expt 1-11.

Q.34 What are the causes of monocytosis and

monocytopenia?

Monocytosis (Absolute count = > 800/mm?3).

It is seen in:

1. Infectious mononucleosis (IM). It is a contageous
viral disease caused by Epstein-Barr virus (EBV)
and occurs mainly in children. Signs and symptoms
include fever, fatigue, dizziness, enlargement of
lymph glands, high TLC, especially large number
of lymphocytes. There is no cure but the disease
runs its course in a few weeks.

2. Malaria, kala azar, subacute bacterial endocarditis,
rheumatoid arthritis.

3. Leukemias, collagen diseases, malignancies.

Monocytopenia. It may be seen in bone marrow

depression due to any cause.

Q.35 What are the causes of lymphocytosis and
lymphocytopenia?

Lymphocytosis (Absolute count= >5000/mm?3).
High counts are seen in:

1. Healthy infants and young children. DLC may be
about 60% though the TLC may be normal. This
is sometimes called “relative lymphocytosis”.

2. Viral infections: whooping-cough, chickenpox,
etc.; autoimmune disease.

3. Chronic infections like tuberculosis and hepatitis.

4. Chronic lymphocytic leukemia—this is the most
common cause of lymphocyte count above
10,000/mm?.

Lymphocytopenia. The causes of decrease include:

1. Patients on steroid therapy.

2. Acquired immunodeficiency syndrome (AIDS). The
virus particularly attacks the helper/inducer (T4)
cells.

3. Depression of bone marrow due to any cause.

Q.36 What is Cooke-Arneth count and what is
its importance?
Consult next Experiment (Expt 1-13).

Q.37 Whatis peroxidase reaction? Which types
of leukocytes give a positive reaction?
Peroxidase Reaction (Peroxidase stain) for
Leukocytes: This test is carried out as follows: A dry
blood film is first treated with a solution of benzidine
and sodium nitroprusside dissolved in ethyl alcohol
and then with hydrogen peroxide. After a thorough
wash with water, the film is counter-stained with
Leishman’s stain in the usual manner.

The peroxidase reaction detects the presence of
oxidizing enzymes in the cytoplasm of myeloid series
of WBCs. Oxidase granules are seen in myelocytes and
myeloblasts. Eosinophils show deeper blue granules,
while basophils show no granules. Lymphoid series
of cells are peroxidase negative. This reaction helps
in distinguishing immature cells of the myeloid series
from lymphoid series in cases of leukemia (the two
series of immature cells look similar with Leishman
stain alone).

Demonstration Slides

Stained and mounted blood and bone marrow smears of
leukemic patients (obtained from Pathology department)
showing immature WBCs of myeloid and lymphoid series
will be focused on the demonstration table. Note the
descriptions listed on the cards besides the microscopes,
and enter these in your workbooks.




OSPE-|

Aim: To prepare a blood film from a sample of blood

provided.

Procedural steps: See page 32

Checklist:

1. Selects 3-4, clean, grease-free, dry slides and
places these on a blotting paper. Mixes the
provided sample of blood thoroughly without
frothing. (Y/N)

2. Using a dropper, she places a small drop of blood
near the end of a slide about 1 cm from the end.

(Y/N)

3. Supporting the left end of the slide between thumb
and middle finger of left hand, she places the
spreader in front of the blood drop at an angle of
40°, and draws the spreader back and allows the
blood to spread along its width. (Y/N)

4. Maintaining a light and even pressure and 40°
angle, she moves the spreader forward, with a
fairly fast and gliding motion, pulling the blood
behind it in the from of a thin smear. (Y/N)

5. Makes 3-4 more such smears. (Y/N)

OSPE-II

Aim: To stain the given blood film for differential

count.

Procedural steps: See page 71

Checklist:

1. Places the blood film horizontally over the parallel
glass rods assembled over the sink. (Y/N)

2. Pours 8-10 drops of Leishman’s stain from a drop
-bottle to cover the blood film. (Y/N)

3. After 1-2 minutes (or as advised), she adds equal
amount of buffered water, or double-distilled
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water, over the stain till the mixture stands from
the edges of the slide. (Y/N)
4. Mixes the stain by blowing on it through a glass
dropper for 8-10 minutes Watches that at no stage
the stain is allowed to dry on the blood film. (Y/N)
5. Then drains off the stain under a gentle stream
of distilled/tap water. Then puts the slide against
a support, stained side facing down. (Y/N)

OSPE-II

Aim: To examine the provided stained blood film
under oil-immersion lens and focus any leukocyte.
Procedural steps: See page 72.

Checklist:

1. Checks the stained slide to confirm the side on which
the smear was made. Then examines it under LP
and HP lenses by making suitable adjustments of
light to check staining and cell distribution. (Y/N)

2. Raises the body tube, places a drop of cedar wood
oil and swings the Ol lens into position.  (Y/N)

3. Looking from the side, brings the Ol lens down
slowly till it just enters the oil drop. (Y/N)

4. Raises the condenser and opens the iris diaphragm.

(Y/N)

5. Looks into the microscope and scans the smear,
‘racking’ the microscope all the time till she
focuses a leukocyte. (Y/N)

OSPES-IV, V, VI, VII

Aim: To examine a stained blood film and to focus
a large lymphocyte, small lymphocyte, monocyte,
trilobed neutrophil

Check list: On similar lines of OSPE I1I.
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1-13 The Cooke-Arneth Count
(Arneth Count)

STUDENT OBJECTIVES Procedures

After completing this practical you should be able to: 1. Prepare and stain a fresh blood film in the usual
1. Identify neutrophils of different ages. manner. (You may use the film you employed for
2. Determine their percentage distribution in various DLC if it is satisfactory).

stages and express your results accordingly. . . .
3. Explain the terms left shift, right shift and their 2. Examine 100 (or 200) neutrophils, noting the

significance. number of lobes in each cell (Figure 1-16).
4. Describe the function of neutrophils. Enter your observations in your workbook. Use
the tally-bar method for this and calculate the
percentages of each stage (for example: N =
+H+ | = 6%).

Young neutrophils have fewer lobes as compared You can indicate these cells in a column (instead
to older cells which have 5 or 6 lobes. A higher of the 200 squares), and as you identify a cell, put
percentage of younger or older cells in a blood film 3 short vertical stroke against that cell. In this way,
can provide useful information about the functional you can place different types of cells in groups of

Relevance

status of the bone marrow. 5, a horizontal strok representing the 5th cell (e.g.
Neutrophils = ++4++ 111, etc.)
APPARATUS AND MATERIALS S
Description Normal
As for differential leukocyte count. Gt
(%)
Stage | (Ny) e Nucleus is C- or 5-10
U-shaped, the two
limbs being connect-
ed by a thick band of
chromatin
Stage 11 (Ny) e The 2 lobes are con- 20-30
nected by a narrow
band of chromatin
Stage 111 | (Ny) e 3 lobes connected by 40-50

chromatin filaments.
(Actively motile and
functionally most
effective)

Stage IV | (N, 4 lobes connected by 10-15

chromatin filaments

Stage V (Nse) |® 5 lobes or more 3-5
(Ng = > 6 lobes)
Figure 1-16: Cooke-Arneth count. The percent distribution e Outline may be
of neutrophils in the circulation based on the number of their irregular

lobes is shown e Cytoplasmic granules
poorly stained

e Functionally least
motile and effective




Note
Occasionally it is not possible to do the staging of some
neutrophils accurately, especially when the lobes of the
nuclei are folded. Two other factors may then be used:
i. The cell size, which decreases with aging.
ii. The older cells contain fewer granules. In older cells
(stages N5,6) there may be no granules and the
nucleus may show fragmentation).

PRECAUTIONS

1. Choose a stained slide that shows neutrophils to
best advantage.

2. If the lobes cannot be seen, consider the size of the
cell and the number of granules in the cytoplasm.

3. For good results, count 200 cells.

QUESTIONS

Q.1 Whatis the relation between the number of
lobes of the nucleus and the age of a neutrophil?
A newly formed neutrophil in the bone marrow is one-
lobed and may be C- or U-shaped. Such cells are called
‘stabs’. They enter blood mostly as bilobed cells. As
their age increases, the number of lobes increase to 5
or 6 by the end of their short life-span of 8-10 hours.

Q.2 Which stage is most effective and which
stage least effective?

A 3-lobed neutrophil is the most motile and
functionally the most efficient in killing the bacteria.
A senile neutrophil is less motile and least effective.
Shape may be irregular, and the granules fewer and
poorly-staining. These cells commonly break up
during the spreading of a blood film.

Q.3 What is meant by the terms left shift and
right shift? Is the Cooke-Arneth count of any
clinical value?
The terms ’left shift” and “right shift” refer to the
appearance of younger neutrophils (shift to the left),
or more mature cells (shift to the right) in the blood.
“Left shift” ("Regenerative shift”) =

N; + N, + N3 = > 80%
This indicates hyperactive bone marrow.
Right shift” ("Degenerative shift”) =

N4 + N5 + Ng = > 20%
This indicates a hypoactive bone marrow.
A shift of the count to one or the other side can provide
important information about the functional status of
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bone marrow. It can tell us whether or not the bone
marrow is actively forming and releasing neutrophils
into the circulation.

Q.4 If Cooke-Arneth count can provide such
useful information about the functioning of bone
marrow, why is it not used as a routine?

There are two reasons for this test not being used

as a routine:

1. Some physiological conditions cause shifting of
neutrophils from various pools into the circulating
blood. This is likely to cause confusion about left
or right shift.

2. Better methods, e.g. bone marrow biopsy, are now
available for assessing bone marrow function.

Nevertheless, this count can provide some useful
information from a blood film without bone marrow
biopsy. It is also a good laboratory exercise.

Q.5 Plot a graph of your own values with the
neutrophil stages on the X-axis, and their per-
centage on the Y-axis. Draw another graph with
the values given in your book and compare the
two graphs.

The student should be able to do this exercise easily
and be able to explain the differences, if any.

Q.6 Whatare the features of a senile neutrophil ?
See Q/A 2 above.

Q.7 Name some conditions that affect the
Cooke-Arneth count.

A shift to the left indicates that the bone marrow is
actively forming and releasing neutrophils into the
circulation. A shift to the right indicates decreased
production and release of neutrophils.

Shift to left occurs in:

1. Acute pus-producing infections.

2. Tuberculosis: Though there is lymphocytosis, a
shift to the left may be due to removal of older
neutrophils from the blood.

Hemorrhage.
Low-dosage irradiation is said to stimulate bone
marrow while heavy doses cause a shift to the right.

Shift to right occurs in:

1. Bone marrow depression (hypoplasia and aplasia)
due to any factor (see Q/A 17, Expt 1-11).

2. Drugs, toxins, chemical poisons. (See Q/A 17,
Expt 1-11).

3. Megaloblastic anemia, septicemia, uremia, etc.
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Absolute Eosinophil Count

After completing this practical you should be able to:
1.

. Describe the morphology and functions of eosinophils.
. Carry out eosinophil count, and name the precautions

. List the composition of Pilot’s solution and the function

. Explain the physiological basis of changes in their

Describe the significance of doing absolute eosinophil
count.

taken by you.

of each component.

count.

Relevance

Absolute eosinophil count is required when the
differential count shows a high percentage of these
cells. This is especially true in cases of bronchial
allergy, asthma, urticaria, intestinal parasites,
pulmonary eosinophilia, etc.

Counting Methods

The absolute count of eosinophils can be done by
two methods:

1.

Direct method. The cells are counted directly by
employing hemocytometry.

Indirect method. As mentioned in Expt 1-12
(DLC), the percentage of eosinophils is determined
from a blood smear counting of leukocytes. If TLC
is done simultaneously, the absolute count can be
calculated.

Note
The direct method of hemocytometry will be used in this
experiment.

PRINCIPLE

Blood is diluted 10 times in a WBC pipette using Pilot’s
diluting fluid that lyses RBCs and leukocytes other
than eosinophils. The stained cells are then counted
in a counting chamber.

1.

Microscope eCounting chamber ¢WBC pipette

eCoverslips eEquipment for finger prick.

Pilot’s diluting fluid for eosinophil counting:

Stock solutions:

a. Propylene glycol

b. Phloxine: 1 % solution in water (0.5% eosin
may be used but phloxine is superior).

c. Sodium carbonate: 10 % solution in water.

Working solution: It is made by mixing and filtering
the following:

Propylene glycol =50 ml
Phloxine (1 %) =10 ml
Sodium carbonate (10 %) =1ml
Heparin = 100 units
Distilled water =40 ml

Note

The diluting fluid is freshly prepared from stock solution
when required. Propylene lyses the red cells, phloxine
stains the eosinophil granules, and sodium carbonate
solution lyses all leukocytes except eosinophils.

PROCEDURES

1.

»

Get a finger prick under asepsis, discard the first
2 drops, and then fill 2 WBC pipettes with blood
to the mark 1.0 (EDTA anticoagulated blood can
be used).

Suck the diluting fluid to the mark 11 in both
pipettes. Mix the contents of each for 2 minutes.
Place the pipettes on 2-3 layers of moistened filter
papers and cover them with a petri dish. Allow to
stand for 15 minutes for proper lysis and staining.
(The purpose of moist filter papers is to prevent
evaporation of water from the pipettes).

Take out the pipettes and mix the contents once
again for 30 seconds. Discard the fluid in the stems
and charge each side of the chamber from each
pipette and bring the chamber into focus in the
usual manner.




5. Using HP objective, count the eosinophils in the 4
corner groups of 16 squares each, i.e. in a total of 64
squares that were used for TLC. When the counting
has been done, calculate the number of cells in
1 mm? of undiluted blood. Enter your observations
in appropriate squares drawn in your notebooks.

OBSERVATIONS AND RESULTS

Calculations

Volume of 64 squares
(each = 1/160 mm?)
= 1/160 x 64 = 4/10 mm?3
Let the eosinophil count in 4/10 mm?
(i.e. 64 squares) be = x
Then, 1 mm? of diluted blood will contain
= x x 10/4 cells
Since the dilution is 10 times, 1 mm?
of undiluted blood will contain
= x x 10/4 % 10
= x x 25 cells.
Compare the count from the two pipettes. The
difference should not be more than 10%.

Normal absolute eosinophil count = 10-400/
mm? (Eosinophil count of capillary blood is usually
10-15% higher).

Indirect Method of Counting Eosinophil

This method was mentioned in Expt 1-11. For this
both TLC and DLC are required. For example, if the
TLC is 8000/mm?® and eosinophils are 2% in DLC,
then the absolute count would be = 2/100 x 8000 =
160/mm? of undiluted blood. This method can act as
a check on the result of direct method.

PRECAUTIONS

1. Observe all precautions for obtaining a blood
sample, filling the pipette with blood, diluting it,
charging the chamber, and counting the cells.

2. Do the cell counting within 20—-30 minutes of
charging the chamber because the cells begin to
disintegrate in the diluting fluid.

3. If possible, use the indirect method to check on
your results.
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QUESTIONS

Q.1 Whatis the clinical significance of absolute
eosinophil count?
Formerly, eosinophil count was considered as an
index of ACTH activity in the blood. When ACTH is
injected into a person with normal adrenocortical
function, there is a drastic reduction in the absolute
eosinophil count. This test, called “Thorn’s test” used
to be employed to assess adrenocortical function.
However, with better hormone assay tests, this test
is no longer employed.

However, the absolute count helps in diagnosing
various allergic and parasitic conditions.

Q.2 Can any other diluting fluid be used for
the count?
Yes. In Dunger’s diluting fluid, eosin replaces phloxine,
and acetone replaces propylene glycol. This fluid
contains: 5 ml of 1% aqueous solution of eosin, 5 ml
of acetone (analytic), and distilled water to 90 ml.
In Randolph’s diluting fluid, which is similar to
Pilot’s solution, methylene blue is added to stain other
leukocytes blue compared to red-orange eosinophils.

Q.3 Where are eosinophils formed, what are
their kinetics, and what are their functions?
Eosinophils, along with other leukocytes, develop from
PHSC in the red marrow. Their production is regulated
by CSF-GM, interleukins 3 and 5 and possibly by the
products of dead and dying cells, which also help in
their maturation.

They remain in circulation for an hour or so, and
then enter the tissues—especially mucosae of lungs,
GIT, and urinary tract. Their granules contain a variety
of chemicals: major basic protein (MBP), eosinophil
peroxidase, eosinophilic cationic proteins, aryl
sulphatase B, lysophospholiase, histaminase,
cytokines, etc. (See Q/A 19, Expt 1-12).

Q.4 Name the conditions in which absolute
eosinophil count increases and decreases.
Eosinophilia is seen in: allergic conditions, parasitic infes-
tations, skin diseases, pulmonary eosinophilia, malignant
neoplasia (eosinophilic leukemia, Hodgkin’s disease), and
Addison’s disease. (Also see Q/A 31 Expt 1-12).

Eosinopenia is seen in: Cushing’s syndrome, acute
pyogenic infections, aplastic anemia, (Also see
Q/A31; Expt 1-12).
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1-15 Study of Morphology of Red Blood Cells

Alterations in the morphology of red cells (their size,
shape structure, staining characteristics, etc.) are
commonly seen in various types of anemia and other
diseases. A careful examination of the peripheral blood
film can, therefore, provide important information in
the diagnosis of these conditions.

PROCEDURES

Prepare and stain a ‘thin’ blood film. If a suitable film
is available from the previous experiments, it may be
used. Study the cells in the area between the tail and
the thicker head of the smear, away from the edges,
where the RBCs are spread out. Note the following
features of the red cells:

Size and shape. Note that there is a moderate
variation in the size around the diameter of about
7.5 um. Most cells are round, though a few may be
slightly oval.

Staining. Note the size of the central pallor (it
normally occupies the central third) and compare
the depth of color of different cells. Note if there
are any granules. Though reticulocytes are present
(0.5 to 2%), their basophilic network does not take
up Leishman’s stain, and a special process called
‘supravital’ staining is required (see next Expt). The
nucleated red cells are not normally present in the
peripheral blood.

Demonstration slides. Stained slides showing
reticulocytes and abnormal morphology of red
cells (obtained from pathology department) will be
set up on the demonstration table. Examine and
compare these smears with your own blood film.
Note the descriptions listed on the cards beside the
microscopes and enter these in your workbook.

Abnormal red cells. The following terms express
some abnormal morphological states and the
conditions with which they are associated:

10.

11.

12.

13

14.

15.

16.

. Anisocytosis: Abnormal variation in size; seen

in iron deficiency and megaloblastic anemias.
Basophilic stippling (punctate basophilia):
Bluish granules, seen in lead poisoning, thalas-
semia.

Burr cells: Irregularly shaped red cells, seen in
uremia.

Cabot’s rings and Howell-Jolly bodies: Bluish
remnants of nuclei that persist in iron-deficiency
and megaloblastic anemias; rarely leukemias.
Leptocytes (target cells, also called Mexican
hat cells): Central staining, a ring of pallor, and
an outer rim of staining, seen in liver disease,
thalassemias, sickle cell disease.
Hypochromia: Less dense staining, wider central
pallor; seen in iron deficiency anemia.
Hyperchromia: More dense staining red cells;
seen in pernicious anemia.

Microcytes and macrocytes: Small or large cells;
seen in iron deficiency and pernicious anemia.
Normoblasts: Immature, nucleated re