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Horltldaries. Experimental pharniacology in the past 
hat., dtbnlt largvly with plienonlerla that can he meas- 
ured ohjrcti\ely In response to drug adnnnistration, 
1~1th changes in heart rate, rises or falls of blood pres- 
sure, neuromuscular action, and so on. Such experi- 
mental studies have usually been carried odt in ani- 
mals, and the baaic controls have bcen observed in 
rrlost eases. On the other hand, relatively llttle atten- 
tion has been glven to the nature of the controls that 
are essential in order to elicit true and clear infonnn- 
tlon eoncernlng subjective responscs to drugs. Such 
work must usually be carried out in man. 

Thcl need for  n~easlirernent of subject~ve responses 
can b t  sren bq t a k ~ n ga look a t  the general growth of 
~ r l e d ~ c i ~ ~ e  years. Uesides its direct benefits, In r e c c ~ ~ t  
this growth has scrved lntlirectly to emphasize areas 
where devcloprilent has lagged. Notable, f o r  exan~ple, 
is thr slowness of rnduring growth in esperinlentnl 
piy('k11atry. This is not to say that advances have 1101 

bceil rrlade. They have been, of course. But  i t  is pos- 
ilble that jirowth 111 thii  field has been retarded br- 
cause pharlnacology a i  it  deals with the subjective 
response has not been glren the attention i t  deserves. 

The expcriniental biocliclnistry, physiology, and 
phar~ntzcology of the future mill more and Inore con- 
cern man, and in studies of nian answers will be 
sought to questiorls that involb e rnan's subjcctls e re- 
sponses. F o r  success here wc xrlnrt recognize the need5 
of this kind of investigation; they differ fronl thoie 
that deal with objective responscs. 

D ~ f i t ~ i t ~ o r ~ s .  responses the sense inObjective in 
which we use the term here are made evident in phybi- 
cal change (or  can be rriade evident) to the sen-es of 
an onlookey ( a  physical sign). They can be mechani- 
cally recorded. Subjective responses are evident only 
to the lncllvidual experiencing the111 ( a  symptom). 
They can be imparted to an onlooker only through 
a cooperative statenlent by the subject. TI-e are  not a t  
the rrioment concerned wlth the fact that subjective 
factors can play a par t  in producing objectixe mani- 
frstations. Fear, fo r  example, produces dilated pupils. 
Except for  a special consideration of certain physio- 

1 1  am very plnd to acknowledpe t h a t  t he  17 studies on 
which this  ilupzr is based have heen supDorted by the Mcdi- 
cal Researeti and  Doelopnlent  Board of the  United States  
Army, by thc  T. S. Public Health Service, and  by the  Corn- 
mittee on Nnrcotics and Drug Addiction of the  National Re- 
search C o u ~ i c ~ l ,  in the  la t ter  Instance fro111 funds c.ontributed 
by n group of interested pharmaceoticnl mannfaeturers. T ~ P  
present paper is I~ased on a n  adclrers I~etore  a meeting of tilc 
Bionretric Society, held in New korlc, h p r ~ l  14, 195%. 
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logical and ~nelital performances. we are lilniti~ig our 
interest here to snt)jectivc czhange as  just dcfined. 

ATortrr, hrtBjr.ct~re rpspo+latJs st?~clit,d. IYe (1-8) havc 
had experience in quantifying, after drug adininistra- 
tion, the following subjective experiences: headache, 
difficulty in eoncentrating, difficulty in focusing eyes, 
fatigue, relaxation, drowsiness, sleep, neutral effect, 
unpleavmt effect, pleasant ekl'ect, warm glow, sen-
sation of drunkenness, sensation o l  heaviness, sensa- 
tion of ataxia (without objective sign), dizziness, 
faint ferling, sensation of weakness, light head. full- 
ness in head, heavy head, tinnitus, increased "nt~rvous" 
tension, paresthesias, itching, anorexia, nausea, and 
pain. 

Tve have also worked in related areas where subjee- 
tive reactions exert powerful influence, and where, if 
one is to work, controls must be set u p  as  if subjective 
rt3sponses are  to he mensnred-that is, with certain 
types of physiological perforlnance and mental prr-  
fo r~~lance  (9).following drug administration 

Identifying the presence or absence of the above- 
nlentioned sensatiorrs 1s less difficult than i t  is to get 
c l ~ a ~ l - e ~ tmeasurement of drug effects in special cases 
of physiological performance ( 9 ) , such as in~pairmcnt 
of highly coordinated ncuromuscular function-for 
example, in tapping speed and auditory reaction time 
--and, irk the field of lnental performance, attention, 
memory, association and, insofar as  possible, critical 
judgment. Our chief interest in the kinds of physio- 
logical and mental perfornlance lnentiorled in  response 
to drug administration has bcen to elicit them in ternis 
that permit accurate comparison of the subtle effects 
of one agent wit11 another. 

P r ~ s r , t c c ,  rlrrmfiorz, a r ~ d  inter~sity of subjective re-
spotrses. JTe have hacl good success i n  identifying the 
presence or absence, and duration, of the subjective 
responscs mentioned. W e  have been able to  differen- 
tiate betpeen these effects as  produced by drugs and 
between a given drug and a placebo. We have had 
some success in measuring the types of physiological 
axid mental pcrforniarlce mentioned as  they a re  altered 
by drugs. There are, however, rnany difficulties i n  the 
way of measuring inte.nsit?j of subjective responses. 
There are  practical, as well as theoretical, reasons why 
nleasurelllent of the iritensitv of ~ a i n .  sav. is verv 
important. 1xardy, \volff, Gd (;iodell (>b) think 
tiley have lncasurrd pain. Jve ques- 
tion this, as  described in thc ensuing section on "Nutzc--

,yourc.ss cs. ~ . ~ ~ ~ ~ i ~ ~,yozcrces.F~~the pres-
a t  least, the question of whether one can measure 

lllte11~ltyof pair1 or the intensity of any of the types 
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of subjective responses mentioned above must be left 
open. We (22) are obtai~ling promising measurements 
on the severity (intensity) of pain by conlparing the 
percentage of effectiveness of the early doses of a 
proved narcotic with later doses in  two series of pa-  
tients: (a)  those whose pain is easy to  relieve (few 
doses of narcotic required), and ( b )  those whose pain 
is difficult to relieve (many doses of narcotic re-
quired). 

Goals. Pharmacology involving the subjective re-
sponse is concerned largely with the individual's sen-
sations as modified by the inconspicuous effects of 
drugs on sensory phenomena, mental state, attention, 
learning, association, memory, and critical judgment. 
The goal here is to  elicit these imponderables in  terms 
that permit accurate statements of change, that  permit 
accurate cornparisons of the effects of one drug with 
another. I t  is evident that precise work here is of as 
much interest to fundainental psychiatry as  it  is to 
basic pharmacology. It is evident also that attack on 
the problem of measuring the effects of a drug on, say, 
sensory reaction must be very different from that  of 
counting the change in heartbeat in response to a 
drug. I n  the latter case few would fail  to control tem- 
perature. Oddly enough, many have shut their eyes t o  
the colnpIex controls necessary if one is to deal suc- 
cessfully with the difficult problem of measuring sub- 
jective responses, and we see investigators plunging 
into studies of pain without giving attention to the 
nature of the essential controls. 

I n  this report we shall examine the conditions neces- 
sary and the nature of the controls that arc required 
for  study when subjective responses to  drugs are to be 
considered. The agents of principal interest here are 
a t  present the central nervous system depressants, 
and man is the essential animal f o r  ~iiost of the ex- 
perimental in~es t iga t ions .~  

The desired effect with these agents is subjective 
change. To achieve the purpose desired, in the dosages 
employed in man, the agents often produce no objec- 
tive alteration. (The antitussives and the anesthetics 
are  of course exceptions.) Large doses of the central 
nervous system depressants usually give rise to ob- 
jective, easily detected toxic signs. I t  is also true that 
the therapeutic dose is sometimes inseparable from 
these undesirable side effects. For  example, ~llorphirle 

For some years we (2-9, 1 2 )  have been concerned in our 
laboratory and clinic with the central nervous systern depres- 
sants  : the sedatives, the sleep-l>rodncing agents ( the hyp- 
notics), the pain-relieving agents (opiates, narcotics, and oth- 
ers) ,  the antituss~ves, the ego-depressing substances (agents 
from many chemical classes, used in nnrcoanalysis), and the 
anesthetics. The diverse substances used to produce the 
effects mentioned have some common characteristics: They 
depress the central nervous system. The bound.~ries between 
them often are not clean-cut. Agents from one of the groups, 
merely by changing the dosage, will ofren produce effects 
common to another of the groups referred to. A small dose 
of a barbiturate has sedative effect, a little increase in  dosage 
has good hypnotic power and some analgesic effect ; with a 
further increase in dose the sarne agent becomes an ego-de-
pressant, useful in narcoanalysis ; and with a final increase 
in dosage, an anesthetic. The close relationships \vithin these 
several categories, the stimulation and cross-fertil~zation of 
ideas tha t  arise, justify, we believe, a broad jittaclc on the 
problem of measnrement of the subjective phenomena tha t  
arise from use of these agents as  a closely related group. 

relieves pain, but the dose that does this satisfactorily 
also depresses the respiration. Although our priinary 
interest is in  the subjective 12esponse, it  is thus not 
possible to avoid the necessity of assaying the side re- 
actions that accompany them. These can be evaluaterl 
only if doses that produce identical therapeutic effects 
are compared-an obvious factor that is often over- 
looked. Thus the power to equilibrate agents in  terms 
of equal therapeutic power is a necessary preliminary 
to a comparison of their toxic effects. 

Accuracy. Experience has shown that  with sound 
controls we can achieve a t  least the same degree of 
accuracy in measuring some subjective responses as 
can be attallied with objective responses. F o r  example. 
we ( 6 )  dealt with several unknown solutions i n  the 
treatment of real (pathologic) pain. One group of 
these solutions was found, a t  the end of the experi- 
ment, to contain always 1 0  mg of nlorphine per unit 
volume, whereas the other solutions pitted against i t  
contained varying concentrations of morphine (not 
known a t  the time of the experiment). I n  the end we 
found we had equilibrated 10 mg of morphine with 
10.8 mg of morphine, fo r  equal pain-relieving power, 

a n  8 per cent error. This is within the 10 per cent 

accepted for  most biological work. 


EXPERIMENTALPI'IA'PERIAL FOR STUDY 

Ha%, the iia~zimccl: of necessity." From the definition 
of subjective response given above it is evident that 
man must be in most, if not all, cases the final ex- 
perimental subject. This e~nphasizes the importance 
of the hospital in work in this field. F o r  the protec- 
tion of the subject, much human experin~cntation must 
be carried out in a hospital; incidentally, this is gen- 
erally the source of material when the subjective re- 
sponse to  be measured arises in  disease or trauma. 

Lower anin&als.It is not clear a t  present just how 
useful aniinals really are or can be. F o r  instance, new 
analgesic agents are colnnlonly screened in animals. 
All tests yet developed of these substances in  aniinals 
depend upon reflex phenonzena. What  the connection 
is between pain-relieving power and depression of the 
various reflexes tested is not altogether clear. When 
questions such as these are raised, it is customary to 
state that the animal methods have been successful in  
the past. That statement will bear critical examina- 
tion; there is need for  fresh thought here. 

A group of new, possibly analgesic, agents is made 
by  the organic chemist in such a way that most of the 
new conlpounds bear a more or less close relationship 
to the cheizzical structure of known analgesics. ( I n  the 
powerful ones a tertiary nitrogen is always present, 
etc.) These agents, which are  generally f a r  from ran- 
dom choices, are then sent to the biologist fo r  "screen- 
ing" in animals. There may be some element of cl~ance 
in  the fact that two or three fairly active agents are 
pulled out of the twenty or so under test. This "suc- 
cessful" screening inay in part  be coincidence. We are 
examining the possibility mathematically a t  the present 
time. Such a izzatter cannot be settled finally by mathe- 
matics, but the data appear interesting, for  there is, 



indeed, the possibility that as many good agents pro- 
duced by the chemist go down the sink as  are pulled 
out of the new lot by present screening procedures. ' 

Whatever the final outcome may be a s  f a r  a s  these 
questions are concerned, certainly anintals do have a 
field of usefulness in  screening new agents. Also, toxic 
organic effects must first be sought in  animals. 

"Natural" (pathological) sources as. ezper ime~ta l  
(colztrived). During work on pain in  1947, we ( 3 )  
were led to postulate that there is a fundamental dif- 
ference in what can be learned in studying "natural" 
pain which arises in  a pathological focus (disease or 
trauma are defined here as "natural" cause) from that 
produced experimentally (heat to forehead, pin 
pricks, electric shocks, or heat to teeth, pain deliber- 
ately produced with a tourniquet, and so on). The 
basis fo r  this postulate had its beginning in our at-
tempts to use the Hardy-Wolff-Goodell technique. 
This involves projecting a measured amount of heat 
onto the skin until pain is produced. W e  found with 
this method that some thresholds were higher after 
the injection of isotonic sodium chloride solution; 
some were lower after the administration of mor-
phine; and these discrepancies were common. 

We concluded that, fo r  some reason unknown to us, 
we were not correctly employing the method. An in- 
vestigator with years of experience with the method 
was called i n  and set to work on the problem. He, 
too, failed. H e  was completely unable to differentiate 
between 15 mg morphine and 1 ml normal saline, so 
long as he was kept in ignorance of which agent the 
subjects had had. This by no means impugns his hon- 
esty. I t  is our conviction that ignorance of the ob- 
server, as well as of the subject, is absolute necessary 
in  work of thiq kind. The experimenter's enthusiasm, 
in whichever direction it  exists, fo r  or against, must 
be removed. Failure of such gross differentiation as 
this forced us to conclude that it  was useless to look 
with this method for  subtleties in  pain-relieving power 
-subtleties that might distinguish one narcotic from 
another. 

Inquiry then revealed that our experience was com- 
mon to many other groups, not only to those employ- 
ing the Hardy-Wolff-Goodell method, but also to those 
using the other experimental pain methods as well. 
(We have no wish to single out the Hardy-Wolff- 
Goodell method. I t  is doubtless as good as most such 
methods. W e  refer to it  particularly because our only 
firsthand experience with experimental pain methods 
was with this one.) Not only has there been failure of 
one man to confirm the work of another with a given 
experimental pain method, but studies of the same 
analgesics by different experimental methods failed to 
check in many instances. There were other disturbing 
problems: F o r  example, it  is widely stated by those 
who use experimental pain methods that aspirin has 
no analgesic power! Anyone who has had his tonsils 
out and who has had to chew five grains of aspirin 
before he could swallow his food knows that aspirin 
does have local analgesic power. The man with a head- 
ache, with a toothache, with the pain of arthritis, with 
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wound pain, does not need a learned treatise to  tell 
him that aspirin is indeed a n  analgesic agent, and a 
fairly good one; yet these experimental pain methods 
usually failed to reveal what we all know. This was 
a further significant .reason to doubt the validity of 
the premise on which the experimental pain methods 
are  based. Our conclusion was supported further by 
the fact that our method of using pain of pathological 
origin car, differentiate satisfactorily between aspirin 
and a placebo, or aspirin and morphine. I t  seems 
likely that the chief field of usefulness f o r  experi- 
mental pain methods may be in animals. 

We (3-5) then set about devising another approach 
to the problem, a n  approach that included the belief 
that the use of pain of experimental origin i n  man 
is artificial and is particularly unreliable in  this com- 
plex field. Basic reasons f o r  this belief were observa- 
tions (1,13,14) that emotion can block pain, that ex- 
trinsic factors and lack of attention to wounds, as in  
games or during fighting, can block pain (namely, 
removal from the danger of the battlefield to the rela- 
tive safety of the military hospital produces euphoria 
and a disregard for  wounds which is very often asso- 
ciated with block of the peculiarly intrinsic experience 
of pain [ I ] ) .  Finally, there is the widely accepted view 
that the pain experience consists of the pain sensa-
tion (percept) and the reaction to pain (this involves 
the total c ~ n c e p t ) . ~  Hardy  and Wolff have f o r  years 
rightly emphasized these two aspects of the pain 
experience. I t  is because we so heartily agree with 
them that we believe the use of pain of pathological 
origin is important in  the appraisal of analgesic 
power. 

No one who has worked with problems of patho- 
logical pain can doubt the importance in this field of 
the environment, of emotional factors, on the reaction 
to pain. Wikler (15) brought this out i n  his superb 
review. I t  requires little imagination to suppose that 
the sickbed of the patient in pain, with its ominous 
threat against his happiness, his security, his very life, 
provides an entirelv different milieu (am? reaction) 
than the laboratory, with its dispassionate and un-
emotional atmosphere. This is not to say that anxious 
states cannot be deliberately produced i n  the labora- 
tory, but they a re  generally not a par t  of the experi- 
mental technique f o r  the study of pain, nor do we 
believe they can be as satisfactorily produced there. 

W e  agree that all pain experience consists of pain 
perception and reaction to pain. However, between 
experimental and pathological pain there are  large 
quarttitative differences in the role of each component. 
I n  the pathological pain experience, the contribution 
of reaction to pain (amplified by association path-
ways) overshadows any differences in the quantities 
of pain sensation, as we have shown. I n  the experi- 
mental pain experience, the relatively short duration 
of the stimulation and the experimental situation 
make the experience primarily one of pain sensation. 

I n  the situations just mentioned, i t  would be interesting 
to know whether the pain sensation or the reaction to pain 
i s  blocked; perhaps one, perhaps both. 



We do not believe that the pathological pain situation 
with all the diffuse associations of illness, disease, and 
pain can be satisfactorily reproduced in the labora- 
tory. The differences in the quality and quantity of 
association between the laboratory situation and the 
hospital bed are so great that the study of either can 
probably apply only slightly to the other. The dis- 
crepancies in results from similar studies by the two 
niethods. suppart..this hypothesis. Since pain is almost 
always a consequence of disease o r  pathological 
trauma, the study of pathologic pain seems to us the 
more direct and logical approach to an understanding 
of the pain experience and its relief. 

Thus our premise is that the "strategic animal" 
for  the study of pain is nian himself in real pain of 
pathological origin. I t  must stand or fall  on its conse- 
quences under further test. 

We are concerned with ( a )  which method (patho-
logical or experimental) works; ( b )  if both work, 
which is better-that is, more widely useful. We are 
concerned with the nature of the evidence that a given 
method works; i.e., does it  work if the "unknowns" 
technique is employed, and this includes observer as  
well as subject. W e  are concerned incidentally, of 
course, with simplicity. A method that can function 
with no apparatus other than a notebook and pencil 
is manifestly more desirable and more broadly useful, 
other things being equal, than one that requires com- 
plex and delicate apparatus which needs calibration 
by a well-trained physicist. 

This matter has been discussed a t  some length, be- 
cause, so f a r  as I am aware, attention has not pre- 
viously been focused sharply on the question of 
whether the study of therapeutic agents designed to 
relieve subjective responses that customarily arise in  
disease or trauma must be studied there for  definitive 
information. I f  this is true for  pain, it may well be 
true for  other subjective responses that arise in 
pathology. The breadth of the generalization needs to 
be de te~mined .~  

"Unknowtzs" technique. When subjective effects are 
under study, the experimental requirements are, as  
already mentioned, very different from what they arc 
when the effects of drugs can be judged by objective 
signs. Some of the essential requirements fo r  dealing 
with agents that produce subjective changes are these : 
The studies generally must be carried out in man. To 
discover what the subjective response is, questions 
must be asked. It is essential that these be framed 
with care and posed in a neutral manner. Expert 
guidance, if i t  can be obtained, is of great importance. 
Neutrality can be violated not only by wording, but 
by inflection, by emphasis, by timing of the questions. 
True neutrality cannot be preserved when any active 
participant in the experiment is aware of w h e ~a n  
agent is tested or what that agent is, and to preserve 
the unknown character of the tests, code numbers 

At present we a re  studying antitussive agents under the  
two circumstances ; i t  will be interesting to  see if the  da ta  
obtained in each case differ from the other. 

must be changed frequently. Investigator's enthusi-
asm or bias comes out in subtle ways that are hard 
to detect a t  the time. I t  becomes startlingly obvious 
when data, obtained under conditions where the in- 
terrogator or investigator was aware of what the sub- 
ject had, are  compared with data obtained when he 
was kept in ignorance. 

Design of the experiment. The escape from preju- 
dice effected by the use of unknowns involves the ad- 
ministration of agents (capsules or solutions) with an 
identical appearance. I n  one case the substance given 
will be a placebo; in  another, a standard of reference 
-for example, in  studying analgesics of the narcotic 
class, morphine in standard dose, usually 10 mg/70 kg 
body weight; in still another instance the new agent 
to be tested will be given. A technique of thorough 
randomization is essential. Each agent is sandwiched 
between two doses of another; all three agents are 
bracketed in turn in  this way around each other, and 
all in  the same patient, if economy of time and effort 
is to be achieved. When the series is large, the need 
for  testing all three agents in the same patient is less 
important, but it  remains the soundest technique. 
Thus one can control suggestion, inherent or implied, 
the presence of the investigator, practice effect, learn- 
ing, motivation, interest, the subject's anticipation of 
an unknown medication, his drug history. The ques- 
tion of whether "acute tolerance" ( 2 6 )  develops dur- 
ing the period of study must be examined and ruled 
out o r  controlled, if present. 

Sound design of the experiment requires that will- 
ing, cooperative, undistracted subjects be used in suff- 
cient numbers to cancel out normal mood swings 
above and below par. The body's diurnal temperature 
swings, with their denlonstrable effeqts on perform-
ance, also require controls. Male subjects are better 
than female, for  the menstrual cycle requires trouble- 
some controls. 

The presence of the investigator, as noted above, 
requires the type of controls effected by the use of 
unknowns and the randomization techniaue. It must 
further be pointed out that constancy of investigator 
or investigating team is essential during any given 
series of experiments. We have found in our own 
work that a sympathetic woman investigator generally 
obtained a higher percentage of pain relief from vari- 
ous medications than a colder, more remote, male. 
Wilrler (15) has referred to the same thing. 

The isolation of a true cause-effect relationship5 re- 
quires that all the interfering factors mentioned be 
cleared away by the plan of the experiment. Mathe- 
matical validation of any supposed differences is 

G Lest th is  appear too precise, i t  must be understood t h a t  
the  "effect" half of the  relationship includes the  psychic 
modification of the  original stimulus. I t  might be objected 
that ,  when the drug is given, the  patient says he i s  relieved 
or  he i s  n o t ;  the  same drug i s  used. The same is t rue  of the  
placebo; he is relieved by i t  or he is not. We a re  obliged to  
assume t h a t  the placebo has  a t  times curative power, not a 
very risky assumption when one stops to  consider the  very 
nature  of the  subjective ailments and their sensitivity, both 
ways, to  suggestion. Thus  the  effect side of the  relationship 
must  include psychic modification of the  original stimulus 
and psychic effects produced by therapy. 



essential. Without facing u p  to these needs many lab- 
oratory investigators, not to mention clinical investi- 
gators, have for  years attempted to work in this com- 
plex field with only the slightest acknowledgment, if 
any, of the necessary controls. Acknowledgment of the 
requirements of work with the subjective response to  
drugs constitutes a first step. I t  will, in  giving orienta- 
tion, help to clarify the problem. 

The special problem of "placebo reactors." F o r  
many years, perhaps for  centuries, i t  has been widely 
recognized that certain individuals with subjective 
complaints will react favorably to-indeed be cured 
by-placebos. F a r  too often, in our judgment, it has 
been supposed that those who were healed by placebos 
were either malingerers or neurotics. W e  firmly be- 
lieve that placebos can cure in some cases, that they 
can block pain in normal individuals, f o r  instance. 
Acceptance of this as fact still leaves a considerable 
problem. 

Individuals who are relieved by placebos we call 
"placebo reactors." The problem they pose is this : W e  
are interested in studying the pharmacology of a new 
drug. We try it  out on a group of patients; a third 
to a harf of this group will be relieved of their symp- 
toms by a placebo; they react favorably to the syringe 
regardless of what it  contains. Thus they dilute the 
significant data derived from the other half or two 
thirds of the group that react only to the drug con- 
tained in the syringe. We are not, in studying a new 
drug, interested in  the pharmacology of syringes; we 
are nonetheless obliged to take into account the placebo 
reactors; we nlust screen them out if we are to get an 
accurate account of what the drug itself does. This 
can be done ( l7 ,15) .We are doing it  with use of two- 
by-two tables. I t  is of great importance in the study 
of the subjective effects of drugs. 

The principles and practices that have been estab- 
lished are few, and in several instances they may 
seem obvious to the casual observer. That they have 
not been obvious to the majority of individuals work- 
ing with subjective responses can be demonstrated by 
examining reports of investigations in this field. I n  
summary, here are the principles and beliefs involved 
and the unquestionable essentials f o r  most work of 
this kind. 

a )  Subjective responses are the resultant of the 
action of the original stimulus and the psychic modi- 
fication of that stimulus. 

b )  Man is the essential experimental subject f o r  a 
definitive answer to questions in this field, and men 
are easier to mork with than women, fo r  with men the 
controls are simpler. 

c )  The investigating staff is constant during any  
given series of experiments. 

d)  The "unknowns" technique is employed through- 
out. The agents tested and the time they are tested 
are unknown not only to the subjects but to the ob- 
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servers as  well. This requires the use of placebos, also 
as  unknowns. 

e) When a new agent is to be compared with the 
agents of past experience, and this is nearly always 
the case, a standard of reference is required (mor-
phine in standardized dosage is used as the standard 
for  analgesics, etc.9. 

f )  Randomization of new agent, placebo, and a 
standard of reference is essential. 

g)  Significant comparisons of side actions of agents 
can be made only on the basis of doses of equal 
strength in terms of their primary therapeutic effect. 

h )  Mathematical validation of supposed difference 
in effectiveness of the two agents is necessary. 

i )  The subjective effects of drugs can be quantified 
accurately and rapidly only when placebo reactors are  
screened out. 

The following unproved principle^^^ can be indi- 
cated as questions as well as  any other way. There will 
be partisans for  and against each. A good deal of evi- 
dence, not yet conclusive, can be marshaled to  give an 
answer to each question. 

a )  Can the intensity of any of the subjective re- 
sponses referred to here be satisfactorily quantified? 
I f  it  can be, which factors predominate in  influencing 
intensity: the original stimulus, the reaction to it 
(psychic modification), or both t 

b) Can one generalize that maximum sub.jective 
effects are produced rather early by the effective 
agents and that no real increase in effect is produced 
by increased dosage ? (Example : morphine produces 
nearly its maximum pain-relieving effect a t  about the 
8-mg dose. The dose-effect curve breaks sharply a t  this 
point. Larger doses will, a t  great risk, produce anes- 
thesia and unconsciousness, but these effects are  out- 
side of analgesia.) We are checking this f o r  cough, 
f o r  sleep, for  euphoria. 

c )  What is the usefulness of animals f o r  the study 
of subjective responses, except as  screens f o r  organ& 
toxicity? The question of the validity of animal screen- 
ing methods has enormous iniportance to  manufac- 
turers. 

d)  What  is the place of subjective responses that 
are produced experimentally as  opposed to those that 
arise in pathology? We must determine whether, as  
seeins likely from a study of pain, subjective responses 
arising in disease are  mandatory f o r  all studies that 
deal with the therapy of the subjective response. W e  
do not yet know how inclusive this requirement is. 

We have shown what conditions are  necessary f o r  
proper evaluation of a number of drugs, the thera- 
peutic effects of which are subjective, and we agree 
they are complex and exasperatingly time-consuming. 
We wish it  were not so annoying as it is to fulfill 
the necessary conditions. 

Tedious as these conditions are, we insist that they 
are not more costly than the enlpirical method and are  



actually f a r  less so. They do permit accurate results 
to be arrived a t  more rapidly than is true of the old- 
fashioned method of simply distributing drugs to 
practically everybody and gradually, by trial and 
error, arriving in decades or centuries a t  an approxi- 
mation of the truth. 

To take an example, after all the centuries morphine 
(or opium) has been used, "common sense" in this 
country has arrived a t  a dose that is twice as large 
(15 mg) as the one that gives essentially the maximum 
pain relief (8 mg). I t  is true that in the common-sense 
method the cost of the evaluation is borne not by the 
manufacturer but by the public. I t  is also true that in  
the case of morphine (opium) the correct result was 
approximated in hundreds of years, and the conclu- 
sion is about 100 per cent off. I believe we can and 
should do better than this. 

There is a great field fo r  study here, but it  is a 
field where there are many obstacles: legalistics to 
hamper the investigator; ignorance of the relation- 
ships between chemical constitution and biological 
action to slow hiin down; chance or coincidence to be 
forced into the open only by intricate and laborious 

statistical methods. Painstaking and tedious work is 
necessary. I t  is a costly field, but one that promises to  
yield on cultivation an astonishingly rich harvest. 

References 
1. BEECHER,H.K.Ann. Surg., 123,96 (1946). 
2. COHEN,E.N.,and BEECHER,H. I<. J. Am. &fed. Assoo., 
147. 1664 (1951). 


3. 	DENTON,'J. E:, and BEECHER, H.  K. Ibid., 141, 1051 
(1949). 

4. Ibid.. 1146. 
5. bid.; 1148. 
6. KEATS, A. S., BEECHER,H. K., and MOSTELLER,F. J .  
Applied Plbqsiol., 1, 35 (1950). 
7. KEATS,A. S.. and BEECHER.H. I<. J .  Pharmaool. Emptl. 

he rap.; 100, i (1950). 
8. KEATS, A. S.,D'ALESSANDRO. H. K.G .  L.. and BEECHER, 
J .  Am. Med. Assoc., 147,1761 (1951). 
9. GOODNOW,R,E., et  al. J .  Pharmacol. Exptl. Therap., 102, 
55 (1951). 

10. HARDY, J. D.,WOLFB,H. G., and GOODELL,H. J .  Clin. 
Invest., 27,380 (1948). 

11. BEECHER,H. K. I n  preparation. 
12. BEECHER,H. K.,et al. U .  S. Med. Bull., 2, 1269 (1951). 
13. BEECHER,H. I<. Ann. Surg., 117, 825 (1943). 
14. ---. In  The Hospital in Contemporary Life. Cam-

bridge : Harvard Univ. Press, 70-107 (1949). 
15. WIKLER, A. Pharmacol. Rev., 100,435 (1950). 
16. BEECHER,H. I<. I n  preparation. 
17. BEECHER,H. K.,and MOSTELLER,F. I n  preparation. 
18. JELLINEK,E. M. Biometries Bull., 2, 87 (1946). 

News and Notes 

Scientists in the News 

Frank Aydelotte, fo r  35 years American secretary to 
the Rhodes Scholarships, will retire Jan .  1.Courtney 
C. Smith, assistant professor of English a t  Princeton 
University, will succeed Dr. Aydelotte. A former 
Rhodes scholar, Dr. Aydelotte has worked closely with 
the Rhodes scholarship system and the Oxford plan 
of education in addition to his duties first as presi- 
dent of Swarthmore College and then with the I n -  
stitute fo r  Advanced Study. I n  addition to his duties 
as American secretary, Dr. Aydelotte, a former editor 
of the American Oxolziulz, has been president of the 
Association of American Rhodes Scholars since 1930 
and was re-elected last May. 

Brian Blades, professor of surgery a t  the George 
Washington University of Medicine, is principal 
investigator on four projects supported by grants 
totaling $27,099. A grant of $6606 has been received 
from the U. S. Army Surgeon General's office to 
permit studies on factors of safety in  intra-arterial 
transfusions. Dr. Blades will be assisted by Howard 
Pierpont, director of the Surgical Research Labora- 
tory of the School of Medicine. A grant  of $11,005 
from the U S P H S  will be used f o r  research in the 
restoration of blood vessels injured by disease or a 
wound. Other investigators on this project are Wil-
liam S. McCune, associate clinical professor of sur-
gery, and Dr. Pierpont. Another U S P H S  grant  of 
$10,249 will permit research in reconstruction of the 

aortic arch through surgery and the use of grafts or 
synthetic materials, and a grant  of $9239 from the 
Veterans Administration will further studies of liver 
circulation. 

Kenneth A. Clendenning has been appointed re-
search plant physiologist on the staff of the Charles 
F. Kettering Foundation for  the Study of Chloro-
phyll and Photosynthesis a t  Antioch College. Dr. 
Clendenning was formerly head of the Plant Science 
Section, Division of Applied Biology, National Re-
search Laboratories, Ottawa. 

Paul L. Copeland, acting chairman of the Physics 
Department a t  Illinois Institute of Technology, has 
been appointed chairman. H e  has been a t  the in-
stitute since 1937. 

William L. Doyle has joined the staff of the Re- 
search Institute of Temple University in  the capacity 
of full-time research scientist in  high temperature 
work. An expanding program is planned in this field 
under a n  Office of Naval Research project. Mr. 
Doyle has been consultant a t  the Research Institute 
since last January. H e  was formerly in charge of 
rocket development a t  Ohio State University and 
worked with North American Aviation on liquid 
rocket fuel development. 

John Fletcher, a specialist in varnishes and syn- 
thetic resins, has joined the staff of National Research 
Corporation, Cambridge, Mass. Mr. Fletcher will 


