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PREFACE TO THE NINTH EDITION

THis edition of 4pplied Physiology is virtually a new book ; more than half -

the text has been rewritten and the rest has been carefully revised to reflect
the present state of knowledge. The subject matter has been radically
rearranged. The opening chapter now deals with the ““ Regulation of the
Internal Environment,” u theme made classical by Claude Bernard and
developed by many great physiologists like Sherrington, Haldane, and
Barcroft in this country, and Cannon, Lawrence Henderson, and Van Slyke
in the United States. The ‘‘ constancy of the internal environment * is the
outstanding generalization of physiology ; the first 130 pages of this book,
which illustrate the principle by many examples, have enabled me to
review under one heading numerous themes which are usually treated apart
becausge they fall into what conventional classification treats as separate
systems. On the clinical side this chapter deals with many topics of
practical importance, such as water and salt lack and excess; tests of renal
funetion ; renal failure; acidemia and alkalemia; diabetes insipidus;
wdema ; blood changes in obstruction of the alimentary canal; disorders
of the cerebrospinal fluid. Other newly arranged chapters are those on
“ Metabolism,”  Endocrine Control of Metabolism ” and * Reproduction.”

An important feature of this edition is an increase in the number of
illustrations. About 200 new figures have been added, bringing the total
up to 688; these figures have been carefully choser, mainly from recent
papers; most of them have been redrawn or modified to make them more
swtable for teaching purposes. My experience makes me doubt whether
illustrations are adequately or properly used, Many welcome them as mere
padding material which leaves less text on the page and enables one
consequently to cover the ground more quickly. It is curious that though
diagrams are studied with care, illustrations which summarize the results of
actual experiments and so represent first-hand evidence are merely glanced
at. I again draw attention to the Appendix (p. 1118) in which two figures
are carefully described and analysed. It might be worth the reader's while
to examine many of-the illustrations in the text in the same thorough way.
The sources of all the figures are fully acknowledged in the text; I might
add that any paper that contains a figure worth borrowing is invariably
well worth reading. Professor Diamond and the Commonwealth Fand of
New York kindly gave me permission to prepare the three new colour plates
from the beautiful illustrations in the book by Blackfan, Diamond, and
Leister, Atlas of the Blood in Children.

As in the past, the references have been restricted to a few key papers
which I have found especially useful; they will serve to introduce the
reader to the copious literature of the subject.

The terminology in the chapters on the “ Nervous System ™ and
“ Autonomic Nervous System ” with few exceptions follows that used by
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viil PREFACE TO THE NINTH EDITION

Ranson and Clark in their Anatomy of the Nervous Systew ; but mention
is made in brackets of the older terms which still have a wide currency.

When this book first appeared more than twenty-five years ago it was
something of a pioneer venture. The point of view which 1t advocated was
set out in the original Preface (which has been regularly reprinted) and
illustrated by the text itself. In selecting the material for discussion I have
always had in mind the nceds and interests of both undergraduate students
and postgraduate readers, including those preparing for the higher examina-
tions, who wish to keep abreast with current developments in both pure and
applied physiology. The subject matter is presented in considerable detail
because the details are needed for a proper understanding of the workings
of the body in health and disease and are often of great practical importance
in the care of patienis;. but I leave it to the good sense of the individual

‘reader to concentrate on his needs and to ignore what he considers to he
outaide his field of interest. In this way he can make the book as long or
as short as he wishes.

More than ever before I amn indebted to friends and colleagues for their
help, especially to my collaborators Professor Montague Maizels and Dr.
John B. Jepson. Professor Maizels has advised and assisted me in the
preparation of the chapters on the “ Internal Environment” and the
“ Blood,” and on matters relating to Clinical Pathology. Dr. Jepson has
rewritten the chapter on ‘ Metabolism " and has advised and assisted me
on matters relating to biochemistry and physical chemistry throughout the
book; his contribution has been specially notable in the chapters dealing
with the “ Endocrines”” and ‘ Nutrition,”” Dr. Cyril Keele has helped with
the “ Endocrines ” and “ Reproduction,” Mr. W. F. Floyd has contributed
the section on “ Clinical lglectroencephalogra.phy ” and has advised on
electrophysiological matters. I gratefully acknowledge help from: Dr.
Moran Campbell, Miss Mary Chennells, Dr. C, E. Dent, Dr. P. W. Nathan,
Dr. Eric Neil, and Professor David Slome. Special thanks are due to Dr.
I. Calma, who has been good enough to prepare the Index.

The publishers, and especially Mr. G. T. Hollis, M.A., have been unfailing
in_their kindness and consideration. They have agreed readily to all my
suggestions for improving the book. They have permitted without impatience
or .hint of complaint most extensive and repeated alterations in the proofs ;
by their indulgence I have been able to incorporate in the text references
to the major advances in knowledge which took place while the book was
passing through the press and to make the consequential alterations needed
to maintain self-consistency. My daughter Sandra Wright devoted much
skill and patience to transmuting a long and difficult manuseript into a clear
and intelligible typescript. My secretary Miss R. Bambridge has given me
(devoted service in the long and complex task of seeing the book through the
press. My warmest thanks are extended to them all.

' S W
MiopLEsEX HOSPITAL MEDICAL SCHOOL,
January, 1952,



FROM THE PREFACE TO THE FIRST EDITION

Tr1s book is based on the various eourses of lectures I have given both in
the department of Physiology in the Middlesex Hospital Medical School
and to men working in the wards and the various departments of the Hospital.
My aim has been to present clearly and concisely how the various functions
of the body are performed. To economize space, no account is given, how-
ever, of the peripheral mechanism of vision or of hearing; otherwise, the
ground is covered fairly completely. As the book is intended for medical
readers, I have throughout laid emphasis on and devoted particular attention
to those functions which are commonly deranged in disease. I have kept
in view Dr. Haldane’s dictum, that the aim of physiology is to consider how
the internal environment of the body is kept constant in spite of continual
alterations in the external environment. Throughout the text numerous
cross references have been inserted which may help to clear up doubtful
points, and are especially intended to impress on the reader that the subject
must be considered as a coordinated and integrated whole, and thatv it does
not deal with a series of isolated and independent organs and systems.

I have not attempted, in the more strictly applied sections of the book,
to cover the ground completely, but I have selected from the mass of material
available the problems of the greatest practical importance, and particularly
those which are, perhaps, not so fully discussed in text-books of pathology
or medicine. ‘ ;

I must confess to have paid some attention to the requirements of the
various examining bodies. The physiological sections may prove useful
to men reading for the second M.B. examination of the various Universities,
and in particular I hope it will be helpful to men preparing for the Primary
Fellowship examination of the Royal College of Surgeons. The applied
sections may be found helpful by men reading for their final examinations,
and perhaps even for the higher examinations of M.D. or M.R.C.P.

It seems to me unfortunate that in the teaching of physiology greater
use is not made of the wealth of clinical material present in the wards of-
the Hospitals, which could readily be made available. The main facts of
the physiology of the nervous system and the ductless glands, at any rate,
could thus be clearly demonstrated ; and the interest of the student would
be aroused when he finds that he is considering in his physiological studies
the same patients that he will have to deal with when doing his clinical
work. This is the method I have adopted whenever possible in this book.
In considering the cercbellum, for example, a full account is given of the
symptems and signs of lesions to this structure in the human subject. This
enables the student of physiology to draw his conclusions concerning the
functions of the organ, and at the same time familiarizes him with the chinical -

ix



x FROM THE PREFACE TO THE FIRST EDITION

aspects of disorders of the cerebellum. 1f a course of demonstratiotis sucl:

as ] have suggested became an integral part of all courses in physiology,
the medical student would enter on his clinical studies with a much sounder

knowledge of the practically imfportant parts of the subject, and with at
least an elementary knowledge of medicine,
8. W.

Mmobpresgx HosprTaL MEDICAL Scnool,
September, 1926,



CONTENTS

I. REGULATION OF CONSTANCY OF INTERNAL ENVIRONMENT [MILIEU
INTERIEUR] . . . . . .

THE INTERNAL ENVIRONMENT (MILIEU INTERIEUR).

BODY WATER AND BODY KLUID. GENERAL SURVEY OF
WATER AND FLUID EXCHANGES . . .

SOME ELEMENTARY CHEMICAL AND PHYSICO-CHEMICAL
DATA REVIEWED . . . . . .

PHYSICAL FACTORS INVOLVED IN FLUID AND ELECTROLYTE
EXCHANGE

EXCHANGE OF FLUID BETWEEN BLOOD AND TISSUE SPACES.
LYMPH . . .

. .

FUNCTIONS AND STRUCTURE OF THE KIDNEY, SECRETION
OF URINE . . . . . - .

USE OF CLEARANCE VALUES AND OTHER SPECIAL METHODS
IN STUDY OF RENAL ACTIVITY . . . . .

STRUCTURE OF PITUITARY GLAND [HYPOPHYSIS]. RE-
LATION OF NEURAL DIVISION [NEUROHYPOPHYSIS,
POSTERIOR LOBE] TO REGULATION OF WATER AND
ELECTROLYTE BALANCE . . . .

EFFECTS OF WATER AND SALT EXCESS AND LACK. REGU-
LATION OF WATER BALANCE AND COMPOSITION OF
BODY FLUIDS BY KIDNEY .

KIDNEY FUNCTION IN DISEASE . . . .

PLASMA VOLUME. CELL VOLUME. TOTAL BLOOD VOLUME,
REGULATION OF BLOOD VOLUME

REGULATION OF Ht ION CONCENTRATION [ACID-BASE
BALANCE] OF BLOOD. . . . . . .

EFFECIS ON BODY FLUIDS OF OBSTRUCTION OF THE
ALIMENTARY CANAL . . . . . .

(EDEMA . . . . . . i . .

THE CEREBROSPINAL FLUID . . . . .
xi

PAGE

11

13

18

21

4}

3

79

87

103
110
118



xit ' CONTENTS
. ' PAGRE
11. BLOOD . . . . . . . . R . 133
THE PLASMA PROTEINS . . . . . . . 133

COAGULATION OF BLOOD. VITAMIN-K. HAEMOSTASIS.
HZEMORRHAGIC STATES . . . . . Lo

DEVELOPMENT AND PROPERTIES OF THE RED BLOOD COR-
PUSCLES. NORMAL BLOOD STANDARDS . . .6

BLOOD GROUPS . . . . . . . . T
FATE OF THE RED BLOOD CORPUSCLES. JAUNDICE .

REGULAT" '~ 2% ERYTHROPOIESIS. PERNICIOUS ANEMIA
"AND Q. Ve 210 ANZEMIAS . . . 1

IRON METABOLISM. IRON DEFICIENCY ANAEMIAS

THE WHITE BLOOD CORPUSCLES

THE SPLEEN . . . . . . 5
m HEART AND CIRCULATION . ' . . . . .2
' ' STRUCTURE AND PROPERTIES OF HEART MUSCLE . .2

ORIGIN AND SPREAD OF THE CARDIAC IMPULSE. ELECTRO-
CARDIOGRAPHY . . . . . .23

PRESSURE CHANGES IN THE HEART AND BLOOD VESSELS .  25F

REGULATION OF THE HEART RATE . . . . .2
THE OUTPUT OF THE HEART . . . . . .2
ABNORMALITIES OF CARDMAC RHYTHM . . . .2

HEART FAILURE. CIRCULATION IN VALVULAR DISEASE

) XA\. REGULATION OF BLOOD PRESSURE. PERIPHERAL CIRCU-
: LATION . . . . . . . .-
THE CAPILLARIES. VASCULAR RESPONSES OF THE HUMAN
SKIN . . . . 34
FETAL CIRCULATION AND ITS ABNORMALITIES . VAT
PHYSIQLOGY OF HISTAMINE., TRAUMATIC SHOCK . . 33
EXPERIMENTAL AND CLINICAL HYPERTENSION . . W4F

DISORDERS OF PERIPHERAL CIRCULATION .



CONTENTS

’ V. RESPIRATION

~ GENERAL CONSIDERATIONS . . .
\B,EGULATION OF THE BREATHING . .
CARRIAGE OF OXYGEN IN THE BLOOD
CARRIAGE OF €O, IN THE BLOOD . .
MUSCULAR EXERCISE

ANOXIA (OXYGEN LACK) .

OYANUSIS . . . A . R
DYSPL®A . . . Co—
REGDLATION OF BODY TEMPERATURE

NEBVOUS sSYSTEM
STRUCTURE AND FUNCTION OF NERVQUS TISSUE
PROP.RTIES OF THE MOTOR UNIT . . .

. .

ELEUARICAL AND CHEMICAL TRANSMISSION OF THE NERVE:

NEURUMUSCULAR TRANSMISSION .

TRANSMISSION OF NERVOUS IMPULSE FROM NEURONE TO
NEURONE (SYNAPTIC TRANS\IISSION) TRANSMISSION
IN AUTONOMIC GANGLIA

REFLEX ACTION. SYNAPTIC TRANSMISSION IN CENTRAL
NERVOUS SYSTEM

THE AFFERENT NFRVOUS SYSTEM . .

MUSCLE TONE AND REGULATION OF POSTURE .

THE VESTIBULAR APPARATUS.

THE CEREBELLUM . .

STRUCTURE OF CEREBRAL CORTEX. METHODS OF
DETERMINING CORTICAL CONNECTIONS. THE
ELECTROENCEPHALOGRAM . . . .

" CLINICAL ELECTROENCEPHALOGRAPHY

EXCITOMOTOR A.LEAS. PYRAMIDAL ’i‘fs‘AC'I‘S. CLINICAL
HEMIPLEGIA . . . . . .

*
.

GENERAL SURVEY OF VOLUNTARY MOVEMENT. SPEECH .

582
595
602



xiv CONTENTS

o

PAGE

CORPUS STRIATUM .

<
s
-

e
CONNECTIONS AND FUNCTIONS OF THE PREFRONTAL
LOBES . .

CONDITIONED REFLEXES

PHYSIOLOGY OF THE EMOTIONS

THE SPINAL CORD .
THE BRAIN STEM
V1. AUTONOMIC NERVOUS SYSTEM
GENERAL AR® ANGEMENF AND FUNCTIONS
——

. THE ADRENAL MEDULLA

VISCERAL AFFERENT NEURONES, VISCERAL SEN(SIBILITY
IN HEALTH AND DISEASE . .

PHYSIOLOGY OF MICTURITION

VII. DIGESTION .
THE SALIVA . . . . . . . .
SECRETION AND FUNCTIONS OF GASTRIC JUICE
SECRETION AND FUNCTIONS OF PANCREATIC JUICE .
SECRETION AND FUNCTIONS OF SMALL INTESTINE
THE BILE
MECHANICS OF ALIMENTARY CANAL
DISORDERS OF MOVEMENTS OF ALIMENTARY CANAL
THE LIVER .

VII. METABOLISM

CARBOHYDRATE METABOLISM. DIGESTION ABSORPTION,
AND STORAGE OF CARBOHYDRATES

DISSIMILATION OF CARBOHYDRATES IN TISSUE CELLS

REGULATION OF BLOOD GLUCOSE. LIVER AND CARBO-
HYDRATE METABOL‘ISM .

FAT METABOLISM, .
PROTEIN MTABOLISM .
THE SPPUDY OF CELL METABOLISM . . . . .

8456

661

668
6756

688
696

836

839

866
861
878



CONTENTS

IX. ENDOCRINE CONTROL OF METABOLISM
ISLETS OF LANGERHANS. INSULIN. DIABETES MELLITUS .

PHYSIOLOGY OF ANTERIOR PITUITARY.

GROWTH AND METABOLISM. CLINICAL SYNDROMES
REGULATION OF GROWTH

THE ADRENAL CORTEX
POTASSIUM METABOLISM .
THE THYROID

CALCIUM AND PHOSPHORUS METABOLISM

PARATHYROID GLANDS. VITAMIN-D
DIET AND TEETH

THE THYMUS .

X. NUTRITION

THE VITAMINS

VITAMIN-A

VITAMIN.-B GROUP .

VITAMIN.C

PRINCIPLES OF DIETETICS

'BRITISH RATIONING SYSTEM

X1L. REPRODUCTION . . .
STRUCTURE AND FUNCTIONS OF THE OVARY

THE HUMAN MENSTRUAL CYCLE

CHEMISTRY OF THE STEROIDS.

CORPUS LUTEUM

RELATIONSHIP OF ANTERIOR PITUITARY TO QVARY. THE
GONADOTROPHINS . . . .

RELATION OF DIET TO SEXUAL FUNCTION. VITAMIN-E

PHYSIOLOGY OF PREGNANCY. PARTURITION . .
MAMMARY GLANDS. SECRETION OF MILK

FETAL RESPIRATION

THE TESTIS

CONTROL OF

OVARIAN HORMONES.

.

xv

PAGE
909

909

1074

1083
1086

1087
1091

1097

1101

o R

v NG

o



xvi CONTENTS
PAGE
APPENDIX : CRITICAL ANALYSES OF FIGURES 1118
FIRST ANALYSIS: BLOOD PRESSURE RECORDS . . . 1118
SECOND ANALYSIS: MYOGRAMS 1123
INDEX 1129

clinical or specialist interest.

NOTE

Ag was explained in the Preface, some passages in this book are wholly or mainly of

In order to guide the pre-clinical student in his reading, a

list of such passages, with page references, is given below. These may either be wholly
Particulars are also given of topics which

omitted by him, or studied with discretion.
are treated in considerably greater detail than he needs ;

to try to grasp only the main outlines of the discussion.

PAGE
7-9.
70-717.
78-19.
86-87.
99-103.

108-110.
110-118.

125-132,
147-150.

157-180. .

1680-170.
170-171.
172-178.
184-186.
180-193.
213-214.

Cation changes in stored blood.

Kidney function in disease.

Artificial kidney.

Blood volume in disease.

Pathological changes
reaction.

Effects on body fluids of obstiue.
tion of alimentary canal,

(Edema.

Pathology of cerebrospinal fluid.

Intmvascular thrombosis.

Purpur

Fraglhty of blood cells in disease.

Action of hemolysins.

Sedimentation rate.

Use of stored blood.

Jaundice.

Hwemochromatosis.

in  blood

. ECG changes in myocardial lesions.
. Axis deviation,

. Cardiac murmurs.

. Abnormalities of cardiac rhythm.

Heart failure.
heart disease.

Circulation in

. Patent ductus arteriosus,
. Traumatic shock.

. Experimental and clinical hyper-

tension,

1. Disorders. of peripheral circulation.

. Pneumothorax.

R Types of anoxia.

. Cyanosis.

. Dyspncea.

. Detailed anatomy of thalamus.

. Thalamic syndrome.

. Argyll Robertson pupil.

. Clinical cerebellar dysfunction.

. Clinical electroencephalography.

. The account of excitomotor areas,

yramidal tracts, and clinical
Eemiplegia is too full.

.. Disturbances of voluntary move-

ment.

. Speech.

PAGE

660-661.

661-668.

673-675.
675-685.

in these cases, he might be wise

Clinical  affections of corpus
striatum. Chorea and athetosis,

Most of the details of the physiology
of emotions.

Prefrontal leucotomy.

Most of the details of conditioned
reflexes.

04. Local lesions of brain stem.

T
747-765.

771-713.
803.

804-805.
815-818.

8322-823.
829.
820-833.
833.
869.
898—899.

A good deal of this passage,
dealing with visceral sensibility
in disease.

Disorders of micturition,

Removal of gali-bladder.

Biliary obstruction.

Disorders of movements of the
alimentary canal,

Portal obstruction.

Clinical hepatic failure.

Clinical tests of Liver function.

Acute hepatic failure.

Fatty liver.

Gout.

916. Hyperinsulinism.

925-927.
940-941.
951-954.
960-964.
965--969.

989-997.

1012

1082,
1115~1117.

Administration of, and abnormal
responses to insulin,

Clinical pituitary syndromes.

Clinical indices of corticoid secre-
tion.

The account of the actions of
adrenal corticoids (including
DOCA and cortisone) is too full.

The sccount of Cushing’s disease
and adrenogenital svyndrome is
too full,

The account of Graves’ disease an:
its treatment is too full.

. Osteomalacia.
1017-1018. H

1031-1036.
1049-1050.
1060-1064.

{Eerplasm of thymus and status
s ymo-lymphaticus.

ingapore captivit;
Clinical undemut.n{m.x
British rationing system.
Therapeutic uses of sex hormones.
Carcinoma of the prostate.



APPLIED PHYSIOLOGY

1

REGULATION OF CONSTANCY OF INTERNAL
ENVIRONMENT [MILIEU INTERIEUR]

THE INTERNAL ENVIRONMENT (MILIEU INTERIEUR)!

Internal Environment (Milieu Intérieur.)—Claude Bernard pointed out
that the external environment of the organism as a whole, e.g. atmospheric
air in our own case, is not the external environment of the individual cells
of the body. The cells are carefully insulated from the general external
environment and are bathed by the fluid in the minute spaces between the .
cells—the so-called tissue or interstitial flurd. Interstitial fluid can normally
be collected only with great difficulty ; fortunately, however, its crystalloid
composition is almost identical with that of plasma which is easily obtained
for analysis. It is customary in fact to use plasma analyses as a guide to
variations in the composition of the interstitial luid. Claude Bernard called
the interstitial fluid and the plasma the internal environment (miliew intérieur).?
He emphasized that in spite of the very wide range of variation that occurs
in the composition of the external environment, the internal environment by
contrast is kept remarkably constant as a result of the intervention of many
compensatory mechanisms. The way in which the constancy of the internal
environment is maintained with respect (for example) to acid-base equili-
brium, osmotic pressure, concentration of individual solutes or of ions (sugar,
Na+, K+, Catt), and temperature is one of the most important problems
of physiology. The constancy of the internal environment is not absolute ;
unger normal conditions slight variations occur as with all so-called physio-
logical “ constants.” If the stresses imposed on the system become too great
the composition of the internal environment may alter significantly, often
with disastrous effects. Claude Bernard pointed out that the constancy of
the composition of the mslieu intérieur is “ the condition of a free life.” If
by a “ free life ”’ is meant vigorous and effective activity of the organism as
a 'whole, the aphorism is extremely apt. Thus a deviation of H* ion concen-
tration from the normal pH of 7-4 to 7-0 or 7-8, a change of serum calcium
from 10 mg. to 5 or 15 mg-Y,, a change of blood sugar from 100 to 30 mg-%
may cause loss of consciousness and the danger of imminent death.

. Living cells are always undergoing change, but to survive and function

t Claude Bernard, Introduction io the Study of Ezperimenial Medicine (English transla-
tion), N.Y., 1949. Olmsted, Claude Bernard, physiologist, N.Y., 1938. Barcraft, Archi-
tecture of Physiological Function, Cambridge, 1934." Cannon, Wisdom of Body, N.Y., 19327
Sherrington, Man on his Nature, Cambridge, 1951. Sunderman and Boerner, Normal
Values in Clinical Medicine, Philadelphla, 1949,

2 * Qu'est-ce que ce milieu intérieur ? Cest le sang, non pas & la vérité le sang tout
entier, mais la partie fluide du sang, le plasma sanguin, ensemble de tous liguides
interstitiels, source et confluent de tous les échanges élémentaires.” (Claude Bernard.)

I
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BODY WATER
normally their integrity in all respects, ¢.e. their form, chemical composition
- and chemical organization must be constantly and fully restored and pre- -
served. Cells maintain the composition of their organic constituents not by
inactivity but by ceaseless activity. Innumerable enzymes are constantly
breaking down all the organic cell constituents, both large and smail; on
the other hand synthetic enzymes are constantly making good this ““ chemical
erosion > by rebuilding the cell structure from the components of the diet
and from cellular débris. The stability of the living cell is a dynamic one,
resulting from the establishment of a balance hetween the breakdown and -
repair reactions. The most comprehensive generalization of physiology is-
that the organism reacts to environmental changes (internal or external) in
such a manner as to preserve the integrity of the whole organism and of its
constituent parts, .

The fluid inside the tissue cells is called the intracellular fluid ; when its
composition is compared with that of the surrounding medium (the snter-
stitsal or extracellular fluid) marked differences are revealed (p. 5). To
maintain the characteristic pattern of its eléctrolyte content the cell muat .
use energy whioh is derived from catabolic processes (p. 8). In order that
& cell may function normally it must maintain the constancy of its own-
internal “ private ”’ composition and also be bathed in a surrounding fluid
of utterly different composition which also must be kept approximstely
constant. Thus, if the Na*+ ion concentration in the interstitial fluid is

. decreased, the excitability of nerve fibre and skeletal and heart muscle
diminishes ; in the absence of interstitial Na+ ions, excitability disappears.

The body then is a highly sensitive, highly efficient self-regulating and
thus self-preserving mechanism ; it automatically preserves the constancy
of its own private internal world in the face of the widest variations in the
character of the outside world. But with the development of sntelligence,
man need no longer depend exclusively on his inborn unconscious reactions ;
‘he can devise new supplementary protective methods. Thus he helps to
maintain the constancy of body temperature at the North Pole and Equator~
by attending to such matters as clothes and shelter; in ‘‘ eonditioned ”’
houses he can even provide for himself the external environment most
congenial and convenient to his body and mind. At high altitudes he can
‘overcome the effects of oxygen lack (anozia) not only by automatic physio- -
logical reactions but also by deliberately providing himself with a supply of
pure oxygen or by encasing himself in a pressurized chamber in which the
atmospherio conditions present at sea level are maintained. ‘

-

BODY WATER  AND BODY FLUID. GENERAL SURVEY
: OF WATER AND FLUID EXCHANGES!?

‘Body Water.—Water is the largest constituent of the body; about
65-709;, of the total body weight consists of water. The body of a man
weighing 70 kg. thus contains about 50 L. of water. The water content of .
most tissues is 70-80%, the skeleton being the principal exception with a
water content of about 20%,. It is a little surprising that bones should .

! Gamble, Eziracellular Fluid, Harvard University Press, 1049, Peters, Body Water,
Springfield, Illinois, 1935. Physiol. Rev., 1944, 24, 49. .




COMPARTMENTS OF BODY WATER 8

contain even so much water, but it must be remembered that one-third of the

e i AL,

“weight. of a fresh bone consists of organic material dissolved in water (the

inorganic salts counstitute the other two-thirds).
Body water 13 found :

(1) nside the cells—imtracellular water ;

(i) outside the cells—extracellular water. The extracellular water is
further subdivided into: (@) water in the plasma; (b) inter-
stitzal water, present in the cracks and crevices (fissue spaces)
which lie between the tissue cells, Additional minor divisions
of the extracellular water are : lympk (in the lymphatic vessels),
cerebrospinal fluid, and aqueous kumour (in the anterior chamber

of the eye).

"\

o— STOMACH INTESTINES
f

——

LUNGS A | _ KIDNEYS

] \, 1/i ? ‘ j">SKIN

-5 BLOOD PLASMA S0,
5% BODY Wt, =]

oy

INTERSTITIAL FLUID

15% BODY Wt,
41
[

INTRA-CELLULAR FLUID
50% BODY Wk,

¥i6. 1.—Diagram showing Principal Compartments
of Body Fiuid and Main ¥luid Exchanges that

take place In the Body. (After

amble,

Latracellular Fiuid, Harvard University Press,

1949.)

Approximate quantitative data for a man weighing 70 kg. and for one

weighing 60 kg. are summarized below (see also Fig. 1) :

Total body weight . . . . 1009,
Total body water . . . (1A
(i) Intracellular water . . . b0Y,
(ii) Extracellular water. . . 209,
(a) plasma . . . . 5%,

(b) interstitial water . . 189

T0 kg. 60 kg
50L 42L
35L 3L
I5L 124
3L 3L
118L 9L



| TN S SR R e RS e R - g sl ” R

BT

gt WATER EXCHANGES -

Water Intake and Water Loss.—Body water is constantly carrying
out exchanges with the external environment (Fig. 1). _

. (1) Water is normally absorbed into the body from the bowel; it can
also be introduced artificially, e.g. by subcutaneous or intravenous
injection.,

(2) Water is eliminated from the body :
" (i) via the kidney in the urine ; .
(1) via the skin (a) in so-called insensible perspiration and () in
© sweat ; .
(iil) via the lungs in the expired air ;
(iv) to a minor degree via the large intestine in the faces, in lactating
women in the milk (and from time to time in the fears).

M (3) It must also be remembered that water is constantly being formed
’ in all tissues as an end-product of the oxidation of the foodstuffs.

Approximate quantitative data (both average and range) for these
exchanges per day are as follows :

‘Water intake: as water, 1500 c.c, [range : O to several litres per hour];
in food, 1000 c.c. [depending on composition of diet] ;
from oxidation in tissues, 300 c.c. .

Water loss:  in urine, 1500 c.c. [range : under 20 c.c. to over 1200 c.c.

per hour] ;. ) .
via skin {insensible perspiration [constant at 600-800 c.c.]
sweat [range : O to nearly 2 litres per hour];

via lungs, 400 c.c. ;
in feeces, 100 c.c. [increased in diarrheea).

i

Over a reasonable period of time water intake and water loss must be equal
- if the normal water balance is to be maintained. Water intake can be
reduced to nothing, the only source of water then being the small volume
“formed during the oxidation of foodstuffs. Water loss, however, cannot®

normally be reduced to the same degree ; thus v

(i) insensible perspiration from the skin and water loss by evaporation
from the lungs never fall below about 1000 c.c. per day’; and
(ii) & minimal flow of urine of about 400 or 500 c.c. per day is needed
_ for the excretion of waste products. ‘

Excessive water loss produces dehydration, and excessive water retention
produces hydration ; lowered water content of the blood is called anhydremia _
and excessive water content hydremia. -

i . Body Fluid.——Body water plus its dissolved solutes is called body fluid.
-~ Body fluid can be regarded as lying in three compartments (Fig. 1) :
(i) the intracellular fluid which is bounded by the membranes of the
individual cells ; '
- (i) the plasma which is bounded by the walls of the blood
. vessels, and specifically in the capillaries by a thin-walled
. endothelium ; ' )
(i) the tnterstitial fluid (tessue fluid) which is separated from the
intracellular water by the cell membranes and from plasma by
the capillary endothelium.

<




