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PREFACE

TnE lectures printed in this book differ from those delivered
at the Royal College of Physicians in some details of arrange-
ment, and in the addition of new matter derived from later
work ; but the changes have not altered the general character
of the lectures, nor have the additions rendered necessary any
essential modification of views expressed when they were
delivered.

I am glad here to express my thanks to the Royal
College of Physicians for appointing me to be Croonian
Lecturer, and for allowing the funds of the Croonian Trust
to be devoted to the expenses of the researches on which the
lectures are based. Many of these researches have been
carried out in conjunction with Mr. H. N. Webber, to whose
help I owe very much. Others were made in conjunction
with Mr. W. MeDougall, and T am greatly indebted to him
for allowing me to take part in the early trials of his new
and most valuable method of studying mental fatigue.

I have also to thank Dr. W. E. Dixon for his help in
preparing the mixtures in which the drugs of my experi-
ments were taken, and Professor Langley for allowing me to
reproduce some of the illustrations from the Journal of
Physiology.

W. H. R. RIVERS.

ST. Joun’s COLLEGE,
CAMERIDGE,
Drecember, 1907,
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THE

INFLUENCE OF ALCOHOL AND OTHER
DRUGS ON FATIGUE

LECTURE I
INTRODUCTION AND METHODS

Introduction—Methods of studying muscular fatigue: fatigue of isolated
muscle and general fatigue—DMental fatigue : the curve of work
and the curve of fatigue- —\ILI}uugall s method of studying fatigue
of attention—Immediate and prolonged effects of drugs—Methods
for investigzation of effects of drugs: elimination of influence of
interest, sensory stimulation, and Hlig}_{vﬁtiuu by means of disguise.

IN my choice of a subject for these lectures, I have been
guided by the desire to show that the science which I teach
may be of service to medicine. In accordance with this idea,
I shall limit myself to those aspects of the subject which seem
to fall within the provinee of the experimental psychologist.
Thus, I shall only deal explicitly with the methods and results
of the experimental observation of the living man, though n
any theoretical consideration of these results I may have to
draw attention to the phenomena of fatigue, as studied on the
lower animals by purely physiological methods.

In every experiment on man there come into play certain
psychological factors which are wholly absent in the work
of the physiological pharmacologist, and it will be my object
in these lectures to consider these factors especially, and to
develop the methods by means of which they may be studied ;
in other words, it will be my chief object to consider the

1 1



2 THE INFLUENCE OF DRUGS ON FATIGUE

application of pharmacological methods to the study of the
living man.

It is necessary at the outset briefly to consider the defini-
tion of fatigue. Attempts bave been made to define this
condition by means of its physiological causes, and even to
distinguish two conditions—fatigue and exhaustion— the
former depending on the accumulation of the poisonous
products of activity, and the latter on the exhaustion or
diminished supply of the substances necessary for the con-
tinuance of activity ; but, however satisfactory these defini-
tions may be ideally, their application is wholly impracticable
in the present state of our knowledge, even in the case of the
fatigue of isolated muscle, and still more so in the case of
general bodily fatigue or of mental fatigue.

We must be content with some less ambitious definition ;
and, taking fatigue as a general term applicable to both bodily
and mental states, it may be defined as a condition of lowered
capacity for work, which follows or occurs during the per-
formance of work of which it is the direct result.

Further, a distinction must be made between the sense of
fatigue—the sensations which supervene during the perform-
ance of work—and the lowered capacity for work, shown
objectively by diminution in the amount of work executed.
These conditions, which may be spoken of as subjective and
objective fatigue respectively, do not always run parallel
courses. In the performance of mental work especially,
decided sensations of fatigue may be experienced when the
objective record shows that increasing and not decreasing
amounts of work are being done ; and there may be complete
absence of any sensations of fatigue when the objective record
shows that the work is falling off in quantity, or in quality,
or in both,

This distinetion is one of great importance for our present
purpose, for one of the problems which will have to be
considered is whether the apparently beneficial effects of a
drug on fatigue may not sometimes be due, not to any direct
action on the capacity for work, but to its influence on the
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sense of fatigue, diminishing those unpleasant sensations
which act as our natural warnings that we are approaching
the limits of most favourable activity of our organs. It is
obvious that a drug which acts in this way would not be
exerting a real beneficial action n fatigue, but would be
rather acting as an accelerator of exhaustion, and the problem
whether certain drugs act in this way will be one of the
questions to be considered in these lectures.

MuscuLAR FATIGUE.

In nearly all the work which has been done on the action
of drugs in muscular fatigue Mosso's ergograph has been used,
either in its original form or with various modifications.
Objections have been made that this method does not give a
true picture of the normal course of fatigue, and, so far as the
single ergogram is concerned, there can be no doubt that this
is true. It is now known that the typical Mosso's ergogram
is the resultant of a very special set of conditions working
together. 1t has been shown by Treves! that the condition
of complete exhaustion which occurs at the end of the ergo-
gram is only apparent, and that the weight has only to be
somewhat diminished for the finger to become again capable
of contractions equal in extent to those of the wholly un-
fatigued condition. The ergogram of Mosso only occurs with
a constant weight near the limit of the powers of the subject
of the experiment.

Treves?® has devised a method of ergography in which the
weight can be easily varied, and he has called this the method
with variable weight, as opposed to the method with constant
weight of Mosso. He suggests that the true course of
muscular fatigue would be represented by a curve showing
the amounts of the successive diminutions of the weight—a
curve which falls most rapidly at first and then more slowly,

L drch, ital. de Biol., 1898, t. xxix., p. 157, and t. xxx., p. 1. Also
Arch. f. d. ges. Physiol., 1902, Bd. Ixxxviii., S. 7.
2 Arch, ital. de Biol., 1901, t. xxxvi., p. 44.

1—2



1 THE INFLUENCE OF DRUGS ON FATIGUE

till 1t passes into a horizontal line corresponding to the
welght with which work can be continued for an indefinite
time.

The interest of this curve arises from the fact that it
corresponds closely with the fatigue curve, which is obtained
by another method—the spring or dynamographic method.
In this method fatigue is produced, not by lifting a weight,
but by contracting a muscle or group of muscles against the
force of a spring. This method has in recent years had many
advocates, as one theoretically more satisfactory than the
weight method. The kind of eurve produced is of the same
nature as that suggested by Treves as the result of the
ergographic method with variable weight. The correspondence
of these two methods raises the question whether the ergogram
of Mosso 1s not an artificial produet, which stands in no
definite relation to the true course of muscular fatigue.

The objections to Mosso's method of measuring fatigue are
very greatly diminished if, instead of taking a single ergogram
as a measure of fatigue, series of such ergograms are recorded
at intervals insufficient to allow complete recovery from the
fatigue induced by the ergogram. If the amount of work
done in such a series of ergograms is represented in the form
of a curve, there is usually found to be a rapid fall at first,
gradually becoming less, till after a time the successive ergo-
grams show little variation from one another and reach a
constant level, the curve representing the course of a series of
ergograms thus showing a close correspondence with those
obtained by the dynamographic method and by the method
of Treves. In my own work I have been chiefly interested in
the influence of certain psychical factors which I believe to
have had a great effect on the results of previous workers,
and as nearly all these workers had used Mosso's method, I
had no hesitation in using it in my own work to test the
mmfluence of the factors in question ; and my experience of the
method has shown me that, whatever may be the objections
to the single ergogram, the ergographic method with constant
weight gives a very valuable picture of the course of fatigue
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when series of ergograms are recorded, and is a most useful
method for the study of the action of drugs.

If, instead of giving the muscle its maximum task with
Mosso’'s ergograph, a weight sufficiently small is chosen, it is
well known that the muscle 1s able to continue 1its con-
tractions for an indefinite time ; if, then, the weight is slightly
increased, 1t will be found that exhaustion will only show
itself’ at the end of, say, an hour ; with a still heavier weight
at the end of half an hour, the curves produced being some-
times known as ¢ Maggiora's curves.” A method which has
been used to test the influence of a drug is to determine the
time required to induce fatigue with and without the drug.
Fatigue which comes on at the end of half an hour in the
normal condition may only supervene at the end of an hour, or
vice versa, and this method, which has been very little used,
may be a valuable aceessory means of studying muscular
fatigue.

My own ergograph is the latest form of Kraepelin's
modification of Mosso's ergograph, in which the chief im-
provements are that the movement is rigorously limited to one
joint, and that the fingers are inserted in graduated fixtures
by means of which the hand can always be placed in the same
position.! One can thus be certain that the point of applica-
tion of the weight and its angle of applieation are constant.
A further improvement i1s that there is an arrangement by
which the weight does not fall back during the relaxation of
the finger, and this is combined with another feature which
effects a great saving of time, in that the height through
which the weight has been lifted can be read directly, and has
not to be caleulated by measuring the heights of the individual
contractions.

In my own work I have adopted the procedure of recording
sets of ergograms, the interval between the successive ergo-
grams of a set being always two minutes, and the interval

! For a description of the chief features of this instrument see

Kraepelin's ¢ Psychologische Arbeiten,” 1896, Bd. i., 8. 580, and 1904,
Bd. iv., S. 189.
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between any two of the contraections by which the ergogram
is formed two seconds, the finger being contracted with one
and relaxed with the next beat of a metronome beating
seconds. Usually each set has consisted of six ergograms,
and the interval between successive sets has been either half
an hour or an hour. The weight has been hidden from
the view of the subject, and the ]{}'mngmpll on which the
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ergograms are recorded has been so arranged that they also
have not been visible during their formation,

A record of a typical day's experiment is given n Fig. 1,
when three sets of ergograms were taken at intervals of halt
an hour. For each ergogram there are recorded the total
amount in kilogrammetres of work executed, the number of
contractions, and the average height of the contractions,
found by dividing the total height through which the weight
18 lifted by the number of contractions.

Investigations on muscular fatigue fall into two groups :
those in which there is studied the fatigue of a single muscle,
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or small group of muscles, so as to approach as nearly as
possible to the mode of investigation of isolated muscle by
purely physiological methods, and those in which there is
studied the general fatigue produced by the activity of a large
part of the musculature of the body. In this second line of
investigation, in which so far very little has been done, the
ergograph has been used as a test of the fatigue produced by
such activities as walking, raising weights by turning handles,
ete. These two kinds of investigation ecannot be i'ignrmm]}r
separated from one another; even in Mosso's method there
must always be some activity of many museles, not only that
always present, but also that which is necessary to prevent
general movements of the body. But such movements are
small compared with the very heavy task given to the single
musecle in this method.

The influence of drugs on general fatigue has also been
studied by means of observations on large masses of men
in campaigns, ete., but in such observations there is
obviously involved much more than muscular fatigue.
From the practical point of view the influence of drugs on
such general activities are of much greater interest than the
behaviour of an isolated musecle ; but before the complex
condition of general fatigue can be understood, it is necessary
to study in as pure a form as possible the muscular fatigue
and mental fatigue which form constituents of' the complex
condition, and in my own work I have only attempted to
deal with these simpler problems.

MEeNTAL FATIGUE.

One of the advantages of Mosso’s method of studying
muscular fatigue is that the subject is given a task which is
so arduous that the element of fatigue greatly predominates
over certain other factors which always come into play in
some measure in studying the capacity for work. In the
investigation of mental fatigue, on the other hand, the only
exact methods hitherto used are such that the effect of fatigue
is often masked by the presence of these additional features.
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Nearly all the work on this subject comes from Kraepelin
and his school, and it is also to this school that we owe most
of our knowledge of the action of drugs on the capacity for
mental work. In order to measure mental work some kind of
unit is necessary, and to obtain such units only mental opera-
tions of a simple character can be employed. The units which
have been most frequently employed are simple arithmetical
operations, and the method most commonly used by Kraepelin
and his followers is one 1n which the unit of work is that in-
volved in the addition of two numbers. Kraepelin has drawn
up books containing rows of figures, and his usual procedure in
testing the influence of a drug on the capacity for mental
work has been to ascertain the number of additions which
can be performed in a given time, the time being divided into
portions, so that a curve can be constructed showing the
amount and rate of inerease or decrease of work during the
whole of the experiment.

Such a curve showing the results of an hour’s work is due
to the combined action of a number of different factors. In
the great majority of individuals the curve rises for some time,
though this rise 1s often broken soon after the heginﬂing. and
this rise is undoubtedly in the main due to the influence of
practice. After a certain time the curve rises less steeply,
and either passes into an approximately horizontal line, or
may begin to fall, and this diminution of rise or actual fall
is due in some measure to the oceurrence of fatigue, though
it is probable that in many experimental investigations loss of
interest 1s also largely responsible. The initial rise is due, not
only to practice, but also, and perhaps in large measure, to
the influence of another factor, for whieh it is diffieult to
find a satisfactory term in English. Kraepelin has called it
Anregunyg, and its equivalents in English are best given in
the phrases ¢ warming to work 'and ‘ getting into swing.’! It
is the process by which the inertia of the psycho-physical
machine 18 overcome. We all know how much this inertia

* Mr. Wimms has recently used the term ®incitation’ as the equiva-
lent of Anregung (Brit. Journ. Psychol., 1907, vol. ii., p. 158).
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may vary, and the degree of rapidity of this process of
warming to work is a potent cause of irregularity in the form
of the eurve. Perbaps a still more important source of
irregularity is given in the phenomenon of spurt. The work
used in the experimental investigation of mental fatigue is
always more or less monotonous, and there are apt to occur
lapses of attention and application which are followed by
spurts, and this phenomenon of spurt is especially pronounced
at the beginning and end of a period of work.

The curve of mental work is, then, compounded of at least
five factors, three—practice, warming to work, and spurt—
tending to raise the curve, while the other two—fatigue and
loss of interest—tend to depress it. The practical determina-
tion of the influence of such an agent as a drug on the process
of fatigue is in consequence rendered a matter of the greatest
difficulty. Much work and thought have been expended by
Kraepelin and his school in the attempt to devise experi-
mental procedures by which the conditions may be so varied
as to provide data for the analysis of the curve of work into
its various components.! The matter is one of the greatest
difficulty, and little has yet been accomplished; but one
advance has been made towards isolating the influence of
fatigue. If periods of rest are given between periods of work,
so as to allow recovery from fatigue, it is found that, other
conditions being the same, some people require longer periods
of rest than others, and the most favourable period of rest
may be determined for each person, and the duration of this
most favourable pause may be taken as a measure—rough,
indeed—of the degree in which that person i1s susceptible to
fatigue. This test, which has so far been applied chiefly to
the study of individual diiferences, may also be used in
studying the action of drugs on fatigue. By pauses of
different lengths fatigue may be eliminated in different
degrees, and the influence of a drug on this factor of the
curve in some measure isolated.

1 See * Die Arbeitscurve,” Wundt's ¢ Philos. Studien,” 1902, Bd. xix.,
S. 459. In this paper Kraepelin describes an additional factor,
Gewihnung, or habituation, which he distinguishes from practice.
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Apart, however, from any exact means of analysis, we shall
probably not go far wrong in assuming that an earlier or
steeper fall of the curve is due to inerease of the part played
by fatigue in the total effect, and, correspondingly, that a post-
poned or more gradnal fall is due to a diminution of fatigue.

There is, however, one point of great theoretical interest to
which I should like to refer briefly. In the earlier work of
Kraepelin and his school, the problems connected with fatigue
were studied by means of work carried on for long periods—
for one or even for two hours. More recently it has been
found that the effects of fatigue can be demonstrated even
with such short periods of work as ten minutes. We know
that if’ the work had been continued beyond the ten minutes,
its amount would have steadily increased, perhaps for another
halt an hour or more, and the question is therefore raised
whether the course of mental fatigue is properly represented
by a curve which falls off at first slowly and then more
rapidly. The mental work which has to be used experi-
mentally is necessarily easy, and resembles the work of the
dynamographic rather than that of the ergographie methods
of measuring fatigue. We have seen that the former method
shows the curve of fatigue to be one which falls off most
rapidly at first, and then more slowly, till a constant level is
reached, and the question arises whether this is not also true
of the curve of mental fatigue.'

I have so far referred only to the quantity of work done
in a given time as the measure of mental fatigue, meaning by
quantity of work the number of units performed in a given
time. It might be thought that the quality of the work
would be even more important as a measure of fatigue ; that
with the onset of fatigue there would be a decided impairment
of the correctness of the additions or other mental operations
employed. As a matter of fact, it has been found—at any rate,
in some cases®—that the number of ervors is so small that they

! For further consideration of this question, see Appendix L.

* See Amberg, Kraepelin’s ¢ Psychologische Arbeiten,” 1896, Bd. i,
S. 4336, and Rivers and Kraepelin, ibid., Bd. i., 8. 656,
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are useless for the estimation of fatigue, and it is the eustom to
neglect the quality, and rely only on the quantity of the
work. The possibility must not be forgotten, however, that
i some cases the quality of the work may suffer from
faticue, and if' in such a case the increase in quantity is
accompanied by an impairment of quality, it may become
extremely difficult to estimate satistactorily the part played
by fatigue.

Many objections have been brought against these methods
of measuring mental work, both from the theoretical and
practical points of view, and I must confine myself to two of
them. All the methods employed in investigations of this
kind are extremely laborious, and the work itself is monotonous
and uninteresting, and it may be urged that we are measuring,
not so much fatigue comparable to that resulting from bodily
work, but rather the loss of interest due to the monotony of
the occupation. There 18 much force in this objection, and
some distinet experimental evidence might be adduced in
support of it." Nevertheless, it is found in practice that the
work in question is far less monotonous than it would appear
to be to those who have not tried it, this being largelyv due to
the extrinsic interest given to the work by the scientific aim
with whieh it is undertaken.

The other point is that the kind of’ work which has been
chiefly used is so simple that, after a certain amount of practice
has been gained, the work becomes almost automatic. This
objection may be partly met by using mental operations
of somewhat greater difficulty than those employed by
Kraepelin ; and in my own work with arithmetical methods 1
have used the task of multiplying four numbers mentally
instead of the much easier task of adding two numbers, but
even here, with practice, the operation tends to become very
automatic.

Arithmetical operations are not the only means of studying

! Thus, Wimms has found (op. cit.) that, if the falling off in the
amount of work is due to fatigue, fatigue must be greater with an easier
than with a more difficult task.
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the capacity for mental work, and 1 have also used type-
writing, which has the advantage of being to most people
more interesting than addition or multiplication, though there
is the disadvantage that the task is more complex, involving
as it does so much muscular as well as mental activity.

When we endeavour to compare the results obtained by
the study of mental fatigue with those of muscular fatigue,
we are met by the ditficulty that the two kinds of fatigue
have been studied by methods which have very little in
common. Most of the work on muscular fatigue has been
done by a method in which the task set is so great that
fatigue, apparently complete, is mnduced in about a minute,
while mental fatigue has been studied by methods in which
the effects of fatigue may not be obvious, even at the end of an
hour. This difference would probably be less striking if the
dynamographic instead of the ergographic method were em-
ployed, but even here there is a very great difterence in the
magnitude of the task in the two cases. The methods of
measuring mental fatigue differ radically in another respect
from those used for muscular work, in that the means of
measurement is by time rather than by the work itself.
Fatigue is shown chiefly by alteration in the rapidity of
work, while in the study of musecular work the rapidity is
kept constant, and fatigue is measured by means of alterations
in the actual amount of work of which the worker is capable.

Mr. McDougall has recently devised! a method of studying
mental fatigue, or perhaps I should say, more precisely, fatigue
of attention, which is in many ways more nearly comparable
with the methods of measuring muscular work. An essential
feature of the method is that stimuli are provided which may
be called extrinsic. In the ordinary methods of studying
mental activity, the stimulus to work comes wholly from
within ; the subject of the experiment has to keep himself
working at the greatest rate possible, and it is a question
whether the difficulty in ascertaining the existence of fatigue
1s not due to the occurrence of a kind of balance between

L Brit, Journ, P.'r_yr'hm".-, 1905, vol. i., p. 435.
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effort and accomplishment, in which work goes on at a more
or less constant level, corresponding, perhaps, to the constant
level of the dynamographic method of studying muscular
fatigue.

In Mr. McDougall's method the subject is set the very
simple task of' hitting a succession of dots which pass before
him through a slit. The rate at which the dots pass can be
varied, and it is found that if they are made to pass at a
speed which is near the maximal rate for the subject of the
test, the onset of fatigue is rapid and obvious. It is a
method in which fatigue 1s studied by means of the accuracy
of aim—a method in which, in any one experiment, the rate
of work is kept constant, as in the methods of studying
muscular work, and the measure of fatigue is the quality of
work,

In conjunction with Mr. MecDougall, T -have used this
method to study the action of drugs; and other experiments
recorded by Mr. McDougall show that the method is one well
adapted for the study of their influence on mental fatigue.

In the instrument deseribed by Mr. MeDougall, and used
by us, it was only possible to study the course of fatigue for
a comparatively short time; but, with the aid of Mr. Horace
Darwin, I have been able to devise a modification! by means
of which the effects of fatigue can be studied for much longer
periods. The completion of this apparatus has been, however,
so long delayed that it has not yet been possible to earry out
fully any observations with it on the action of drugs. I
shall, however, be able to give the results obtained by Mr,
MeDougall and myself with the original apparatus.

Tae Acriox or Diruas.

Experiments on the action of drugs in fatigue may be
carried out by two methods. In one method a certain amount
of work is done every day for several periods, each of a week
or fortnight, or longer. During some periods the drug is taken

! See Appendix IL
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every day, but not at such a time of the day as to show its
immediate effect on the work, while during other periods
there is complete abstention from the drug. By this method
there is tested the influence on the capacity for work of
the general condition produced by the ingestion of the drug.
No such work has hitherto been done on the capacity for
muscular work ; but it has been employed by Kraepelin and
his school to test the influence on the capacity for mental
work of aleohol taken daily for a certain period.

The other and more usual method by which the action of
drugs is tested is to do a certain amount of work every day,
taking a dose of the drug on some days and abstaining on
other days. In this way, then, is tested not only the immediate
action of the drug on the capaecity for work, but by prolong-
ing the work of each day the influence of the drug may be
followed for many hours. This method is that which has usually
been employed in the work I shall bring forward in these
lectures. -

The two methods could be combined; and this may be
done most easily by comparing the work of the normal or
control days during a drug experiment of the second class with
the work of a similar series consisting wholly of normal days,

I have now described the general character of the methods
which are employed in the study of muscular and mental
fatigue, and can turn to the consideration of some aspects
of the experimental study of fatigue which are of especial
importance in estimating the influence of drugs.

We shall see later that the most varied methods have been
used by different workers in studying the action of drugs.
A common method has been to work to exhaustion, and then
to see if the administration of a drug is able to call forth a
further amount of work ; others give a record of work which
they state is their normal amount, and then give the result
under the influence of a drug, but provide no indieation of
the relation between the supposed increment or decrement
produced by the drug and the normal variations which occur
from day to day.
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The most satisfactory method, which was first adopted in
a really systematic manner by Kraepelin, is to earry out work
on a number of successive days (or days at regular intervals),
keeping all conditions exactly alike on the different days,
except that on some a drug is administered. The drug may
be given before beginning the work of each day, but there
are certain practical difficulties to which this procedure is
subject. In many cases the drug-days will give an average
which deviates from that of the normal days so greatly that
there can be no question as to the action of the drug; but in
other cases the deviation may be so slight that the question
arises whether 1t may not be within the average deviation of
the normal days from one another. There are, of course,
definite methods for ascertaining the relation between a given
difference and the probable difference due to normal variations,
but their application in this branch of study is rendered very
difficult by the existence of practice, ete.—1.e., we have to do
not merely with a number of days which differ from one
another by chance variations of daily disposition, ete., but with
days which dittfer owing to the existence of certain more or
less regular influences which, though they no doubt fellow
definite laws, are not yet sufficiently understood to allow the
application of stafistical measures.

This difficulty may, however, be overcome in large measure
if the drug is given at some period after the work has been
begun, so that the results can be expressed in relation to
the initial performance before the drug has been taken. This
latter method is that whieh I have usunally employed.

In carrying out an experiment of this kind, extending
over a number of days, it is essential that all the conditions
of life be kept as constant as possible. The same amount of
sleep must be taken every night, the meals must be of the
same kind and at the same times every day, the same amount
of exercise must be taken, and the same amount of other work
done. Todo experimental work of this kind really satisfactorily
means to most people that they must cut themselves off from
many of the ordinary pursuits of life so long as the experi-
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ments last. In my own case the fact that my oceupation
involves very different amounts of work on different days has
made 1t impossible, as a general rule, to carry out any experi-
mental work during term-time, and my own most satisfactory
work has been done in the country, away from all possible
sources of disturbance. '

In the case of muscular work, the necessity for rigorous
equality of the conditions of life 1s perhaps not so great as
in the case of mental work; but here the more similar the
conditions can be kept, the more likely is it that satisfactory
results will be obtained.

It must be understood that these rigorous conditions are
not necessary for the crude determination of the action of
large doses of drugs; but it is not with such work that I am
now concerned. It is my object in these lectures to consider
the methods to be followed in the endeavour to ascertain the
effects of those doses of drugs which are used either for
dietetical or therapeutical purposes, and for such an object
unequivocal results can only be expected if' the conditions of
life are kept as rigorously uniform as possible.

A difficulty which arises in drug experiments is due to
the practice of taking as part of the normal diet substances
which have an effect on the capacity for work; and this
difficulty becomes especially great when it is one of these
drugs which 1s the subject of experiment. There are two
possible lines of action : the use of the substances may be
wholly discontinued before the experiment begins, or the
experimenter may continue to take them, but in exactly the
same quantity every day and at exactly the same times,
while he may perhaps diminish their amounts. The former
procedure, which has been adopted by several workers, is
open to a serious danger, to which my attention was called
by my own experience. I began my work on drugs with an
experiment on the effects of caffeine, and discontinued the use
of tea and coffee shortly before the experiment began, having
previously taken them in diminished quantity. The act of
giving up the use of these substances was followed by loss















































































































































































































































































































































































































