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INTRODUCTION 

HE EVALUATION of chemical compounds for 
Tpotential psychotropic activity involves their 
sequential evaluation in a battery of pharma- 
cologic tests. This screening protocol serves to 
eliminate toxic or inactive compounds and a t  the 
same time allows for the stepwise formation 
of a profile of pharmacodynamic and toxico- 
logical information. The sensitivity of this en- 
tire program is heavily dependent upon the initial 
screening tests involving measurements of animal 
activity. It is ironic that, of all of the procedures 
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that comprise a screening program, these are the 
most critical, yet the least standardized. most 
highly individualized, and most vulnerable to 
environmental factors. It i$ therefore, im- 
portant that careful thought and organization 
of tcst critcria precede actual laboratory work. 
The investigator should determine the optimum 
set of experimental conditions for his laboratory, 
since external influences on drug responses will 
vary from one laboratory to another. It is the 
purpose of this paper to acquaint the reader with 
the problems of evaluating animal activity, the 
advantages and limitations of present-day test 
apparatus and procedures, the parametric vari- 
ables which may alter drug response. and the 
design and statistical techniques which may in- 
crease the efficiency of this type o f  csuerimenta- 
tion. 

OBSERVATIONAL TECHNIQUES 

General Considerations.-The subjective 
observation of drug-induced changes i n  the 
activity of laboratory animals has long been a 
preliminary procedure in drug testing. This 
initial procedure can provide information c011- 
cerning general pharmacological and be- 
havioral drug actions as well as preliminary 
toxicological data. These total data comprise 
one facet of the preclinical experimental 
protocol needed for any attempt on the part of 
the investigator to predict the clinical activity 
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of the drug. Two approaches can be utilized 
in the evaluation of potential psychotropic agents 
through the use of gross observational techniques 
(I). The first of these is the crilerion behavior 
approach in which a form of abnormal human be- 
havior is selected and its basic characteristics are 
determined. The next step is the induction in 
test animals of a form of behavior which is as 
nearly as possible similar to this human behavior. 
The search is then made for new drugs which will 
modify this behavior a t  low doses. This might be 
exemplified by the production of “cxperimental 
neuroses” in laboratory animals and the examina- 
tion of test drugs on this behavior. The second 
approach is the use of criterion drugs. The ef- 
fects of clinically established drugs are deter- 
mined in animals using a wide variety of tests, 
and then the ncw compounds are studied on the 
most sensitive of these tests. Most laboratories 
actually use a composite of these procedures. 

The generation of an adequate rating scale for 
observational procedures requires that the 
behavior patterns of the experimental animals be 
carefully examined. As the spontaneous behavior 
of animals is studied, the events occurring within 
the animal’s behavior can be organized into pat- 
terns thal are dependent upon the variability of 
these events (2). Careful examination of these 
behavior patterns can be made and documented 
to provide a basis for rating programs (8). , 5’ ince 
these obser\rable patterns are under the influ- 
ence of innumerable internal and external factors, 
the emphasis on the development or a rating pro- 
gram must be placed upon the use of carefully 
controlled conditions. There are many variables 
that must be carefully regulated before the ob- 
servational test procedure can be used efficiently. 
The allimportant variable is the test animalitsclf. 
Certainly, all of the attributes of the proper ex- 
perimental design used in any pharmacologic pro- 
cedure should be followed in the selection of 
the test animal. The health of the animals 
should be a primary concern, and the operations 
of the animal colony should ensure that a minimal 
stressing of the animals occurs. If female animals 
are to be used, the effect of the estrus cycle must 
be taken into consideration. The development 
of estrus in the cat periodically alters baseline 
activity of the animal, and total ovariectomy will 
eliminate this problem, yet allow for general 
behavior patterns to remain virtually unchanged 

Ihvironrnent will play a major role in the 
animal’s total behavioral response. As noted by 
Brady (j), the effects of drugs upon behavior 
depend upon the environmental conditions af- 
fecting the animal when the pharmacologic agent 

(4). 
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is being evaluated. The initial standardization 
of the observation area in regard to temperature, 
humidity, range area of the animal, ctc., should 
not be altered throughout the experiment in 
order to prevent minute behavioral changes from 
occurring. Consideration must also be made 
of the “arousal-provoking” quality of the ex- 
perimental situation (6). Irwin (7) used a sound- 
proofed or sound attenuated room for the ex- 
amination of cat behavior, whereas other inves- 
tigators have used a standard laboratory room 
that permitted external auditory stimuli to reach 
the test animals. The question arises here 
as to whether unexpected external stimuli 
can be used as an indication of aniinal awareness. 
It would appear that they could contribute to a 
more adequate assessment of thc animal’s atten- 
tiveness. 

The observer is an extremely important vari- 
able in the test procedure. This person must 
be a highly trained, observant, and patient indi- 
vidual. He must be fully cognizant of the ani- 
mal’s normal behavior and totally aware of the 
possible changes in behavior that a drug can 
produce. He must be able to recognize and 
record not only those events that arc listed in 
the test program, but also any others that may 
occur. The training of an individual is based 
on experience and is very critical; it  cannot be 
achieved by the presentation of written or oral 
material describing the procedure. Each of 
the behavioral changes must be shown to the 
observer through the use of control drugs, and 
many experimental trials must be performed 
to ensure adequate reproducibility of the ob- 
server’s rating. 

The mechanics of the rating procedure should 
be considered in the design of the rating sheet. 
Most investigators use a single sheet to note 
any drug effects over the experimental time 
period. In order to negate subjective bias or 
the observer, a booklet form can bc used for 
rating (4). Each of the observational time 
intervals is placed on a separate page so that the 
observer does not see the previous rating entries. 
Also, to help ensure that the observer is examin- 
ing each item on the list, a place can be allowed 
a t  each rating point for “no observable change.” 
The design of the sheet or booklet may also be 
governed by the type of information retrieval 
program used by the laboratory. If the material 
is to be placed on punch cards for later printing, 
the rating sheets should also be designed so 
that the key punch operator may accurately 
transfer the information from the rating sheet 
to the punch card. The choice of items to be 
placed on any rating scale must be dependent 
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upon the skill of the supervisor and the observer 
in the dctcrrtiination of the animal’s ongoing 
behavior patterns in response to the test situa- 
tion. rating scale should originally include 
as many items for rating as possible, based upon 
the general behavior of the animal and the dis- 
crete items that occur within each behavior 
pattern, as well as  upon known changes elicited 
by the prototype compounds. Following use 
of thc tcst scale, certain itcms can be eliminated 
from the program if the frequency of these 
events is found to  occur at a very low level. 
As noted bj- Irwin (81, i t  is better t o  have an 
excess of rating points rathcr than a deliciency 
for the test scale. 

There are several weaknesses present in 
multidimensior~al observation procedures. First, 
observer.: vary in their ability ; this is only over- 
come by standardizing the rating scale and quan- 
tifying the observed behavior on the basis of 
an all-or-nont. rating of cvents. Second, a 
tendency toward subjective bias exists as  well 
as  a tendency to  have an insufficient number 
of steps in the rating scalc. This latter point 
would possibly cause a loss of information from 
tlie behavioral observation. Subjective bias 
may lie orercomc by the use of blind procedures 
for drug administration and observation, and 
t h e  loss of information can be overcome by  add- 
ing morc rating itcms. This excessive subdivision 
does not appear to distort the data (8). Two 
further problems must be considered : repro- 
ducibility o f  procedures and data  between labo- 
ratories, and Ihc diiVculty of summarizing the 
information developed from the test procedure 
(9:i. The difficulty in transferring the experi- 
mental mctho8d from one laboratory t o  another 
is well known. These procedures arc highly 
individualized a r d  dependent upon the scientist 
generating thc scalc. Extremely well-defined 
profiles are required to  overcome this limitation. 
Their delinition must not only be in writing- but  
in :some pictorial form as well. 

Observational Procedures with Rodents.- 
Ohserrational test procedures involving ro- 
dents \-ar?- greatly depending upon the  specific 
rlemed of the particular laboratory. Some in- 
ve’jtigators (11). 11) use little or no detail in 
their rodent tiosts, b u t  these programs arc only 
a minor par t  of a larger over-all program of 
drug evaluation. Janssen (1 2) used a protocol 
which inl-olvxl a largc number o f  tests in 
rodents and clogs; among these wcrc an open 
field measure, hot and cold plate tests, a toe 
pinching procedure, a rotarod test, etc. The 
question wliich arises from this type of program 
is whether these multiple tests are necessary for 
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the evaluation of drug effects at the early level 
of pharmacologic screening. Perhaps early 
screens should not be overly burdened, but  
rather allow for fewer, more definitive tests to  
show potential drug action. A fairly complete 
rating scale for mice or rats has been clearly 
defined by Irwin (13). ITis procedure for the 
evaluation of the general activity and acute 
toxicity produced by the test drug is written 
in a manner tha t  allows for accurate interlabora- 
tory replication. The paper includes a rating 
chart used in his laboratory, and shows drawings 
of tlie animal postures rated for the righting reflex 
and passivity items on the scale. Norton (2) has 
developed a rating scale that  is more behaviorally 
oriented than those produced by others. Her pror 
file for the hamster is well defined and includes 
five main behavior patterns: sociability, con- 
tentment, excitement, defensive hostility, and ag- 
gressive hostility. Undcr each of these main cat- 
egories there are five subheadings which arc spcci- 
lied itcms of behavior. As an example, the items 
of squawk, pulling, chasing, biting, and rearing 
are subheadings under the category of aggrcssivc 
hostility. She compared the results with the ham- 
ster to  those obtaincd from monkey and cat 
studies, and noted that  the test animals re- 
sponded differently to the individual test drugs. 
For example, chlorpromazine caused a n  increase 
in  sociability in  all animals, but causcd a n  in- 
crease in  contentment in the inonkey and ham- 
ster with a decrease in contentment in the cat. 
It induced an increase in excitement in the cat 
and monkey, but a decrease in the hamster. 

The depressant activity of drugs has h e n  
identified rather well for many years, and the 
utilization of some of these procrdures may 
contribute to  the efficiency of rating programs in 
psychopharmacology. T,im et al. (1-1) used a 
procedure t o  evaluate sedation in rats. Animals 
wcre housed individually in sniall cages and pic- 
tures taken of their posture and degree o€ eye 
closure, with the activity of the animals being 
measured by a photocell system. The animals 
were startled periodically with a mild air blast, 
and the changes in posture and degree of eye 
closure rated. The illustration of depressed 
postures of rats and dogs in this paper can aid in 
the replication of its data. Cohen and Nelson 
(1.5) rated depressive activity of rats, noting thc 
cficct of chlorpromazine and pentobarbital on thc 
loss of spontaneous motion, response to stimuli, 
and the degree of ataxia. Each of these were sub- 
divided into four or live rating items. A simplc 
measure of motor activity that  has been used to 
test depressants is the open field test, a procedure 
that  can easily be incorprated into a rating 
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program. Furthermore, Brimblecombe (10) con- 
sidered the open field test with the rat to be a valid 
measure of emotionality. He noted, however, 
that by itself i t  may not be accurate, but in a 
battery of tests i t  does givc some indication of the 
drug action on the emotional behavior of the 
animal. In the classical test, the animals are 
placed a t  the center of a circular (17) or rectan- 
gular (18) open area which has been suitably 
marked off, and the number of times that an ani- 
mal moves across the zone lines is recorded. In 
addition other rating points such as the degree of 
grooming and defecation can be checked simul- 
taneously (16, 19, 20). This test can utilize 
individual or paired rats (19), and has been used 
as a measure of motor deficit, emotionality, and 
exploration. These behavior patterns can also 
be analyzed in different ways. Randrup and 
Munkvad (21) rated the behavior of individual 
rats by counting the different types of grooming 
that occurred as well as recording their locomo- 
tion within an area through the use of multi- 
exposure photography. They noted that amphe- 
tamine produced a stereotyped activity which 
they could alter through the use of perphenazine. 
Bindra and Baran (22) evaluated drug-induced 
changes on sniffing, lying, grooming, and general 
activity of male hooded rats, which werc in- 
dividually housed in foot square boxes. Many 
other behavioral signs can be added and scored 
in this procedure. Cole and Dearnaley (23) 
utilized a simple rating program in the evaluation 
of the effects of reserpine and morphine in rats 
and mice. They illustrated Straub tail reactions, 
and also noted the effects of the test drugs on 
such items as the graspreflex, piloerection, tremor, 
and posture. Catalepsy and palpebral ptosis 
have also been used as observational test items 
(24). Tornan and Everett (2.5) called particular 
attention to unusual aspects of behavior; for 
example, hunching and squinting which are 
characteristic responses to reserpine. Lim (20)  
included items of morphine-like fixation of posture 
and pseudohypnosis in his profile for rating drug 
effects on rats. 

One hesitates to talk about emotionality in 
rodents, but there are certain aspects of behavior 
that investigators use for its evaluation. Raitt 
et al. (2i) and King (28) used a six-item program 
with each component rated on a 5- or 6-point 
w d e .  Rats were evaluated on their reaction to 
the presentation of a probe to their snout, re- 
sponse to a light rap on the back with a probe, 
resistance to capturing, resistance to handling, 
vocalization during stages of capture and han- 
dling, and urination and defecation during these 
stages. This procedure certainly allows for the 
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assessment of drug effects on the stress induced 
by the observer’s interaction with the test animal, 
but one wonders if this type of emotional rating 
can be correlated with clinical effects. 

Sulser et al. (29) have utilized a different test 
situation in their rating of drug effects on be- 
havior in the rat. The animals were placed on 
top of a box about 1 It. high. Control animals 
would move about and explore their surroundings 
for a few minutes, then cluster together, and 
groom themselves, but would not leave the top 
of the box. Test drugs altered this response; 
for example, rats given a benzoquinolizine com- 
pound (RO-41284) remained motionless and iso- 
lated from each other for about 3 hr. Rats 
treatcd with amphetamine would dash about 
helter-skelter, while rats given RO-41284 plus 
desmethylimiprainine would move around the 
edge of thc box and fall off or leave the box. 
Votava et al. (30) examined the effect of ex- 
perimental drugs on the central nervous system 
with thc aid of a test involving orientation ac- 
tivity in the rat. The animal was placed in a 
small chamber and after a short interval was 
allowed to move into a second and larger chamber 
when a barrier was removed. The animal was 
then rated on various motor responses, such as 
the number of times it moved through the door, 
the amount of grooming, etc. Welker (31) has 
examined sniffing as an aspect of exploratory be- 
havior in the albino rat. In a rather detailed 
paper, he noted the various aspccts of this be- 
havior and how it was altered by various stimu- 
lants and depressants. 

Most rodent rating scales utilizc individual 
animals, but the social interaction of these animals 
should not be overlooked. If social interaction 
is to be included in a rating scale, some excellent 
discussions (32 ,  33) of this behavior in rats and 
inice can be consulted. Silverman (34) has re- 
cently discussed the use of ethology as a mcans 
of observing animal behavior with increasing 
precision. Ire has developed a well-defined and 
integrated rating profile for social interaction, 
which includes the categories of exploration, 
investigating, mating, aggression, and other signs. 
Rats were isolated for several days and then 
introduced into the observation cages in pairs ; 
only one of the test animals was treated with 
placebo or chlorpromazine, and a counterbal- 
anced order of presentation was introduced into 
the experimental design. Chance and Silver- 
man (35) evaluated chlorpromazine, amphet- 
amine, and amobarbital on the latter test. I t  is 
possible that within groups of rats, different de- 
grees of social interaction will occur. Irwin (36) 
reported that there was a significant negative 
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correlation between individual treadwheel counts 
arid the time devoted to interactional behavior 
of rats; i.e., animals which showed a high degree 
of spontaneoiis activity in the treadwheel did 
not score highi in social interaction. 

Certain aspccts ol social behavior lend them- 
selves well to the testing of psychotropic drugs. 
Tlhe aggressive tendency of rodents in certain 
situations has been used in an attempt to  duphratc 
clinical situations. When mice are isolated for a 
period of time and then placed together, an ag- 
gressive behavior, which can be rated (37-39), 
is produced between the two mice. An instinc- 
tive behavior that is seen in some rats is the 
mouse-killing reaction. Certain rats will almost 
immediately kill a mouse when it. is introduced 
into the rat's cage. While many psychotropic 
drugs are not specific antagonists of this response. 
it  has been noted that antidepressants will block 
it (40). 

If aniinals .are to be re-used in these test pro- 
cedures, prior experience must be taken into 
consideration. Marriott and Spencer (41) ex- 
amined the exploratory behavior of rats under 
the influence of various psychotropic drugs. 
Their studies, based on that of Steinberg et al. 
(42), used a Y-shaped box and noted the number 
of complete entries that the rat made with all 
four feet into one of the arms of the box. They 
found that chlorpromazine reduced exploratory 
behavior, but that meprobamate and chlordiaz- 
epoxide increased it. However, the effect of 
chlordiazepoxide on exploration was completely 
inhibited by a single previous exposure to the 
Y box. This fact should be taken into considera- 
tion if open field tcsts or other forms of explora- 
tory behavior measurements are to be used. 

The addition of many of the aforcmentioned 
behavioral signs or procedures to the standard 
pharmacological screening test used in observa- 
tional studies may aid in the identification of 
potential psychotropic agents. These rating 
scales in their final form should be as quantita- 
tive as possiblle. It is relativcly easy to quantify 
certain physiological signs within the test struc- 
ture; these .include such items as pupil size, 
cardiac and respiratory rates, and body tempera- 
ture. One caution that must be noted is that the 
desire for ex:xcting quantification may yield a 
rating scale that, through the time and effort 
required for its usage, drastically reduces the 
efficiency of the total rating program. 

Observational Procedures with Cats.--A 
requisite for gross observational studies is that  
the test animal must possess a fairly stable 
personality for the prolonged periods of time 
required for laboratory study ; in addition, the 
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animals must show a Sufficient range o f  spon- 
taneous behavioral patterns to allow accurate 
studies to  be made. Cats seem to fit these 
qualifications (43).  Irwin also favors the cat 
as a test animal for its value in predicting drug 
effects in man. He noted that its sensitivity to 
various behavioral drug effects appears to be more 
like that of man than any other laboratory 
animal, with the ratio between doses producing 
behavioral and side effects in the cat being closely 
approximate to that of man. A disddvantagc in 
the use of t.he cat is that it shows atypical effects 
to certain drugs; for example, it  is stimulated by 
certain narcotic analgesics and antihistamines 
(44) : also chlordiazepoxide produces an effect 
in thc cat that lasts for several days. The cat. 
along with the dog and monkey, allows a wider 
range of behavior and drug personality inter- 
actions to be observed than one would see with the 
rat or the mouse (45). 

The cat observational technique is not truly a 
preliminary test in that the rodent screen should 
be initially utilized to eliminate a large number 
of inactive and toxic compounds from the test 
series. This is necessary since the procedures 
involving cats require the use of colonies that 
become invaluable because of the time involved 
in establishing behavioral baselines. Drugs that 
are to be tested on these animals must also have 
some toxicological data available for the estima- 
tion of initial drug dosage. The drugs should be 
given orally to allow a better clinical correlation 
of data, although other routes have been coil- 
sidered (5). Dnigs can be administered in capsule 
form to the cats who are restrained either in a 
box or in the arms of an assistant. The capsules 
arc placed on the hack of the tongue using a long 
curved forceps or hemostat, and the animal's 
mouth is then held shut. Howcvcr. the oral route 
is not without its disadvantages; for example, 
chlorpromazine often produces vomiting in the  
cat (4t"), and t.hns, the animal will not rcceivc 
the full dose of the drug. 

As with the other spccies, the environment and 
method of observation can influence the behavior 
of the cat. Intlividual animals can he observed 
within (43, 4 i ,  18) or when removed from their 
home cage (49). Multiple animals have been 
tested either as pairs of unrestrained, free-roani- 
ing cats (4) or as four cats restrained by leashes 
to allow only niiniinal overlap of animal test areas 
(6). The rating of individual animals allows for 
the notation of behavioral and physiological signs 
influenced by the interaction with the observer 
or with other aspects of t.hc test environment, but 
does not allow for the evaluation of social inter- 
action between test animals. This disadvantage 
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can readily be overcome by using multiple animals 
in the test sequence. As noted before, Erwin 
et al. (6) chose to rate multiple animals within a 
sound attenuated room to minimize external 
stimuli, while others (4) rated the animals in a 
regular laboratory room which allowed for the 
animals to react to random sounds from the ex- 
ternal environment 

The rating scale should be developed with an 
intimate knowledge of normal behavior of the 
cat in the surroundings in which the test is to be 
conducted. It would appear that the test pro- 
cedure and environment should generate as much 
behavior as possible in the test animals. The 
behavior patterns to be observed should be re- 
liable and consistent within the test sequence. 
As an example, the authors, during the prelim- 
inary development of a cat rating program, 
presented to the cats a mouse within a plastic 
chamber All of the cats did not respond with the 
typical mouse-kill pattern of behavior, even when 
the lid was removed from the plastic cage 
This type of test then could not be used as a part 
of the behavioral scheme unless the cats were 
screened for this specific reaction. This type of 
selection, involving the elimination of various 
cats because of the lack of reactit-ity to certain 
test sequences, reduces the hctcrogeneity of the 
test sample. It would appear to be a better 
course to randomly select a series of heaIthy 
cats and build the test around these animaIs 
rather than to find the animals to suit the test 

Various types of rating scales have been de- 
veloped for cats. Norton and deBeer (43) ex- 
amined behavior patterns of individual cats and 
selected four main rating categories (sociability, 
contentment, excitement, and hostility). Soc- 
iability and hostility were categories selected to re- 
present opposite reactions of the animaIs directed 
toward the observer, while wntentmcnt and 
exciterncnt were selected to represent oppoqitc, 
patterns reflecting the emotional attitude of the 
cat in his accustomed surroundings. Each of 
these main headings had five subheadings of 
behavioral signs, and the scoring system was 
based on the frequency of occurrence of these 
signs Using this procedure, drugs were admin- 
istered orally to cats; and it was noted that 
chlorpromazine, among thc compounds tested, 
reduced sociability to the least degree, but pro- 
duced the greatest reduction in hostility. Sharma 
et al. (47), using the same type of rating profile, 
also showed a decrease in sociability with chlor- 
promazine and reserpine. Irwin (6, 13) used a 
much more comprehensive scoring system for the 
evaluation of drug effects. Cats were restrained 
on leashes SQ that they had approximately 1 it. 
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01 interanimal overlap to allow some play or 
aggressive activity. The observer conducted the 
experiment for 5 hr. following drug administra- 
tion. Diiring this time the animals were rat.ed on 
major changes of behavior, changes in inter- 
action with the observer, and changes in inter- 
action between the animals. Items rated in- 
cluded: time to sleep, lying down, alertness, cur- 
iosity, reactivity, locomotion, restlessness, stereo- 
typy, grooming, vocalization, effect (playful, 
placid, fearful, aggressive), staggering gait, pupil 
size, heart rate, respiratory rate, limb weakness, 
relaxation of the nictitating membrane, and deep 
sleep. Chlorpromazine produced a diminution 
of play, grooming activity, fearfulness, or ag- 
gressiveness, especially in low doses. Hostile 
behavior was almost always suppressed, but 
some animals did show an increased fear or ag- 
gression after drug administration (45). Kin- 
nard et d .  (4) used a 32-item rating scale which 
included measures of social interaction, inter- 
action with the observer, and general behavioral 
or physiological changes of the individual animal. 
Activity of the pairs of free-roaming cats was 
stimulated through the use of play objects and 
periodic presentations of catnip to the animals. 
Using this method, chlorpromazine or perphen- 
azine, imipramine, pentobarbital, and d-am- 
phetamine could be readily differentiated from 
each other. Data output from this and other 
multi-item rating programs tends to become 
voluminous, and a need for data reduction is ap- 
parent. Through the use of a computer program, 
adapted from one used for the clinical rating of 
patient symptoms, the 32 variables in the latter 
test were reduced to nine factors of behavior. 
In  the past, investigators have preselected be- 
havioral patterns and then subdivided these 
patterns through the use of specific animal ac- 
tions, such as the subdivisions of yowling, hiss- 
ing, and piloerection for aggression. Through 
the use of the computer program, the results of a 
test can be grouped into major factors based upon 
the intercorrelation of the responses of the animals 
to the experimental drugs. This type of analysis 
of the data may lead to a more eficient definition 
of the drug activity. 

Rice and McColl (50) rated cat behavior using 
a small profile that included autonomic signs, 
somatomotor effects, and behavioral effects. 
The behavioral signs rated were howling, habit 
change, and hostility. Cole and Glees (51) rated 
the ability of cats to obtain food from a horizontal 
glass tube, their ability to walk along a ladder to1 
obtain this food, and their performance in a 
placing reflex test involving the hind legs. 

The procedures previously described have used; 
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the normal behavior of laboratory cats as their 
baseline. However, it  is quite conceivable that 
the effect of the drug on this type of behavior 
might not correlate with the drug’s clinical ac- 
tivity. Investigators have attempted to induce 
abnormal behavior in cats and then test drugs 
upon this altered activity. Masserman ( 5 2 )  
trained cats to open a box to receive a pellet of 
food following a light signal; after learning this 
event, the cat was trained to turn a switch to 
initiate the p’rogram. The animals were then 
subjected to an air blast or a mild shock which 
induced a motivational conflict behavior between 
conditioned hunger and fear. Under these con- 
ditions the animals developed startle and phobic 
reactions to sound and light stiniuli as well as 
other neurotic behavioral patterns ( 5 3 ) .  Jacob- 
sen and Skaarup (54, 55)  have used this tech- 
nique to study psychotropic drugs. They noted 
that chlorpromazine, in total doses of 0.1 to 
2.0 ing. s.c., did not alter the neurotic reaction 
in cats, although benactyzine did. This type of 
response might be compared to the conditioned 
emotional responses (CER) used in rat be- 
havioral tcchriiques. Mixctf results have been 
obtained from this procedure, and it was reported 
that chlorproniazine and reserpine did not alter 
the eniotional response of the rat in this test 
( 5 6 ) .  It is possible that this specific type of 
wnflict behavior in the cat may not he a dr- 
finitive test for all types of psychotropic drugs. 
Sacra et al. (5’7) produced a conflict behavior in 
rats by administering shock through the tail 01 a 
mouse whenever the cat attacked the mousc. 
The cat thus received a shock when it went to 
pick up the mouse. Following several presenta- 
tions of this response, a conflict behavior pattern 
developed. Chlorpromazine and meprobamate 
were found to be effective in protecting against 
this type of response. 

‘The environment arid observer also play a 
major role in the final drug elIects observed in the 
conflict studies. Masserman (58) noted that 
,iedtative and tranquilizing drug effects were 
greater when the test animals (cats or dogs in 
conflict behavior) were in the accustomed security 
(of their home cages than when in a state of alert 
anticipation during transportation to the labora- 
tory; the new environment, on the other hand, 
enhanced the stimulant cffccts of the test drugs. 
He also noted that the drug effects were dependent 
upon the difference in handling of each animal 
by difierenl experimenters no matter how con 
.;tan1 t h v  I-esearcli prutucul was. It has been 
puinted uu t  t lu t  obsrrvei ieliability arid curl- 
sistericy is extremely iriipurtaiit and that this 
c&ould be  rated within the. test p rogam (59). 
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The age of the animal used is also important. 
Pechtel et al. (60) showed that kittens, compared 
to older cats, adapted less well to laboratory 
routine and learned tasks of lever pressing and 
audiovisual discrimination. The young animals 
readily developed neurotic patterns under the 
stress of adaptive conflict. 

Observational procedures have been used in 
experiments that. involved different routes of 
drug administration or types of pretreatment. 
Feldberg and Sherwood (61) have analyzed the 
behavior of cats following the injection of test 
drugs into the lateral ventricle of an unanes- 
thctized animal. Behavioral changes were not 
rated, but were noted in a general manner. 
Haley and Dasgupta (62) ohserved the changes 
caused by an intracerehral injection of LSD 
in conscious dogs and cats, but again no rating 
scale was used. Elder and Dille (($3) admin- 
istered LSD to  singly caged cats and rated 
autonomic responses, spontaneous behavior, and 
response to types or stimuli (auditory, visual, 
and tactile). Various pharniacologic agents 
were then used in an attempt to antidote the 
LSD response. Sturvesant and Drill (64) analyzed 
the effect of mescaline on the behavior of cats. 
Rowe et al. (65) noted the behavior of reserpinized 
cats following inonoatnine oxidase inhibitors, and 
included photographs of the rat’s behavior. 
Burdock et nl. (66) analyzed the behavior of 
laboratory animals before and after the produc- 
tion of hypothalamic and midbrain lesions in the 
animals. Behavior of the animals can also be 
observed and rated in conjunction with neuro- 
physiological recordings of brain activity ( G T ) .  

Observational Procedures with Other Spe- 
cies. --The dog has been used by many investi- 
gators as a test animal for observational tech- 
niques, but apparently i t  is secondary to the 
cat in these procedures. Lang and Gershon 
(68) have used the dog in a procedure involving 
the intravenous administration of yohimbine 
to the animal. The induced behavior before 
and after the use of potential antagonists was 
then rated. The rating program presented was 
extremely well defined with 1’7 main divisions of 
behavior, each with a specified %point scale. 

The monkey would appear to be the ideal 
test animal to use in observational techniques, 
especially if m c  considers its place on the phylo- 
genetic scale. However, the use of the monkey, 
possibly because of costs and other reasons, is 
not so widespread as i t  should be in this type of 
pliarniaculugic program. Many investigators 
(69-75) have tested potential psychotropic drugs 
C J n  monkey behavior. The viciousness of mon- 
keys, such as the rlicsus and the cynomolgus, 
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tivity over short trials, (h )  capable of simple 
operation and adjustment, (i) capable of being 
used with a simple direct-reading digital recorder. 
Needless to say, an instrument possessing all of 
these characteristics has yet to  be developed. 

The photocell activity cage has been used 
extensively as a drug screening device to deter- 
mine the cffccts of psychotropic compounds on the 
spontaneous activity of small animals. It oper- 
ates on the photocell system, in which light beam 
interniptiom due to animals in motion are con- 
verted into electrical impulses which are trans- 
mitted to digital counters. Activity of the animal 
is thus reflected as a summation of light beam 
interruptions due to lateral movements. Many 
modifications of the photocell activity cage have 
been described in the literature and reflect the 
attempts of investigators to maximize its sen- 
sitivity. Dews (79) utilized a rectangular single 
beam unit to study psychomotor stimulants; 
Winter and Flataker (20) also used a single beam 
hut reflected it twice ofT the sides of the cage; 
Kinnard and Carr (80) used a circular single 
beam unit to determine the activity patterns of 
central nervous system depressants, e.g., seco- 
barbital and meprobamate. A circular two-beam 
unit was utilized to study the ataractic properties 
of chlorpromazine and sodium pentobarbital 
(81). Most investigators employ horizontal 
beams; however, an apparatus with a single 
vertical light source has been used satisfactorily 
(82). The beam is directed from the ceiling of the 
unit downward onto several photocells placed 
below a Lucite floor. The use of a single light 
source precludes the possibility of variations in 
light intensity among the beams as in units with 
multiple light sources. The disadvantage is that 
fecal boluses may block off the operation of the 
vertically directed beams. Woodard (83) de- 
signed an apparatus with six photoelectric cells 
equally spaced around the perimeter of a circular 
raceway. A single light source was housed in a 
circular compartment in the center of the cage. 
This design takes advantage of the natural instinct 
of the rodent to confine its activity to the periphery 
of any confined environment; however, it places 
limitations on the spontaneous activity which 
satisfies the animal’s strong instinct for explora- 
tory behavior. 

Tedeschi et al. (84) used another approach to 
the evaluation of psychoactive compounds on the 
motor activity of rats. They devised a photo- 
cell unit which was only large enough for a rat 
to rear up but precluded him from moving later- 
ally. Rats placed in such a test situation at first 
elicited exaggerated behavior which progressed 
to complete inactivity toward the end of their 

ran be used as a tool for the evaluation of poten- 
tial psychotropic agents. The animals, as in the 
rodent or cat studies, can be tested singly or in a 
procedure which involves chained pairs of 
monkeys to allow interaction (74). Knapp et al. 
(50) tested chlorpromazine and piperacetazine 
in dogs and squirrel monkeys, and noted that the 
drug effects may have been more discernible in 
the dog than in the monkey. In spite of this, the 
monkey should still be considered a prime test 
animal for ohservational studies since its be- 
havioral patterns, in comparison to other labora- 
tory animals, more closely resemble those of the 
human. 

INSTRUMENTAL TECHNIQUES 

Spontaneous Locomotor Activity.---Methods 
for measuring small animal activity have becn 
used since the turn of the century. The de- 
vices were. for the most part, mechanically 
operated arid used by psychologists to  study 
the normal behavioral patterns of laboratory 
animals (76, i 7 ) .  However, the search for 
psychoactive agents gave impetus to  the need 
for instruments which would accurately assess 
the ability of these compounds to alter the 
normal spontaneous locomotor activity of small 
animals. 

Activity recording units can be classified into 
four main groups involving four different types of 
activity cages: those which are immobile and 
record activity independently of cage movement 
(photocell activity cage) ; those which rotate 
about a central axis a s  the animal runs (tread- 
wheel) ; those cages which are vertically or hori- 
zontally displaced as a result of animal movement 
(jiggle cage); and thosc which tilt on a fulcrum 
(tilt cage). The first type (fixed) is considered a 
direct recording apparatus because animal move- 
ment itself is recorded, whereas the latter three 
instruments are the indirect type because they 
basically record cage movement rather than 
animal movement. Since Riley and Spinks (78) 
reviewed the early prototypes of these instruments 
in 19.58, this phase of the paper will emphasize 
the types of activity recording units developed 
since then. 

An ideal device for measuring spontaneous 
activity would he one that is (a)  sensitive to all 
types of motor movements, ( b )  sensitive to minor 
changes in animal activity, (c) free of positive feed- 
Imck of stimuli, (d )  free of carry-over momentum, 
( e )  independent of animal weight variation, 
(f) capable of dclineat ing between the activity of 
animals receiving placebo and animals treated 
with small doses of psychotropic compounds, 
(x)  capable of recording a s t a lk  baseline of ac- 
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confinement. The authors suggested that drugs 
which reduce motor activity can be tested during 
the initial period of increased activity and, con- 
versely, drugs which increase motor activity may 
be tested during the latter part of confinement 
when activity is markedly reduced. The effects 
of established psychoactive agents wcrc measured 
in both the confined motor activity (CMA) test 
and the conventional photocell activity cage. 
Caffeine. in an oral dose of 5 mg.//Kg., produced 
a 200% increase in activity in the CMA test; 
whereas, 5 to 350 mg./Kg., orally, did not increase 
the activity llevel in the conventional photocell 
apparatus. Similarly, tranylcypromine (5 mg./ 
K.g. orally), R clinical antidepressant, produced a 
ZOO%:, increase in activity in the confined motor 
activity test; whereas, the chronic administra- 
tion of tranylcypromine (5  mg./Kg., orally, twice 
a day) failed to produce any consistent or signifi- 
cant cffccts Ion motor activity in the conven- 
tional apparatus (85). In the CMA test, the ef- 
fect of d-amphetamine was greatly magnified in 
that 0.24 mg.:’Kg., orally, increased activity 200%; 
whereas, in the conventional motor activity test, 

mzl Ciusc of 5 mg./ Kg. produced only a 407, 
increase in activity. A significant limitation of 
the conventional photocell activity cage was noted 
(86) when an oral dose of 16 mg./Kg. of d- 
amphetamine was administered to mice. This 
dose produced a decrease in lateral movement and 
induced tremors of the head and limbs analogous 
to the well-known clinical side effects of restless- 
ness, irritability, and emotional disturbance. 
This type of activity resulted in a decrease in 
beam interruptions in the conventional unit, 
but under the CMA tests, may have becn ac- 
curately registered as an increase in activity. 
Thus, by monitoring only one component (rear- 
ing) of spontaneous activity, Tedeschi has been 
able to correlate the preclinical and clinical 
effects of well-established stimulants and anti- 
depressants. The CMA test was also effectivc 
fo’r quantiiying the effects of drug which dccrcased 
spontaneous activity, but the sensitivity was not 
significantly greater than that of the conven- 
ti’onal photocell unit. The data suggest that it 
may not be necessary to measure total activity 
but only selected components of activity known 
to be affected by certain classifications of com- 
pounds. The problem is that psychotropic 
agents have a diffuse action on thr nervous sys- 
tem and psychopharmacological techniques in 
existence today cannot, with certain exceptions. 
delineate the component effects of drug action. 

Another novel approach to the recording o€ 
animal activity was the use of electroconductive 
slats placed across the floor of the tcst cage (87). 
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Each slat was made of varnished Masonite and 
painted with silver-based conductive paint. As 
each animal made contact with the slats, an 
electronic relay activated an externally powered 
counter. This appears to be a satisfactory 
method of recording locomotor activity of small 
animals, I t  is less bulky than thc photobeam 
units and can readily be installed to activate 
timers and measure arcas of the test environ- 
ment explored. Mitchell (85) devised another 
type of unit in which the lateral motion of an 
animal on a galvanized iron plate caused it to 
move slightly, inducing an electric current in a 
coil with a bar magnet core. The currents thus 
produced were then amplified electronically and 
recorded as activity. 

More sophisticated methods of monitoring 
small animal activity have been developed, such 
as the transmission of vibrations produced by 
animal motion, using a piezo-electric head (89), 
a 30-gauge galvanized steel diaphragm (go), or a 
crystal phonograph cartridge (91). In  most of 
these procedures, activity is recorded by means 
of a stylus recorder, resulting in rccords which 
are difficult to quantify. Alxtmz-O’Boxzrke (91) 
solved the problem of quantifying such graphs by 
eluting each record with acetone and quantita- 
tively evaluating it with a spectrophotometer on 
the principle that the amount of ink laid down 
by the pen is proportional to the frcquency and 
intensity of the movements of the animal. Otis 
(92) designed a chamber which operated on a 
floor displacerrietlt principle. Normal floor vibra- 
tions which occurred during ~O~OTIiOtiOn were 
transduced into modulxted electrical signals that 
operated from 1 to 3 electromagnetic counters 
depending on the intensity of floor movements. 
Only downward motion was recorded, and the 
counter circuits were preset so that one counter 
will fire a t  the slightest movement of the animal, 
a second conntcr only if the animal’s activity is 
moderatc, and a third, only if violent activity 
occnrs. The value of this apparatus is that it  
detects both the occurrcnce and intensity of 
movement, which the photocell cage is not cap- 
able of. Otis attached this device to a treadwhcrl 
so that the experimental animals would have 
access to either unit. Therefore, he was able to 
compare the effects of psychoactive C O ~ ~ C J U I I ~ S  

on activity with hoth devices separately arid 
combined. The data of his studies indicated that 
the trcadwheel failed to discriminate between 
intraperitoneal injections of placebo and 2.5 
mg./Kg. of amphetamine, 30 mg./Kg. of imi- 
pramine, and moderate doses of other psy- 
chostimulating agents. In contrast, the floor 
displacement apparatus did delineate between 
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placebo treatment and equivalent doses of the 
same stimulating drugs. The over-all conclusion 
of this study was that the combined chamber- 
treadwheel combination was the most sensitive 
method for detecting drug effects. Knoll (93) 
developed an electronic device in which an 
animal moved over four aluminum plates, and 
counters registered every crossing from one plate 
to another. The advantage of this method is 
that as many as 24 mice can be tested at one 
time. Shillito (94) measured mouse locomotor 
movements by a capacitor system including six 
brass probes. When an animal moved past a 
probe, its capacitance was altered. resulting in an 
imbalance in the electrical circuit, which caused 
a dot to  be recorded on a moving kymograph. 
The data were analyzed by merely counting the 
dots, and as many as four mice were tested simul- 
taneously without causing an overlapping of 
marks. This device is similar to the “antenna 
cage” (95) in which a rat moves around a radio 
antenna placed in the middle of the cage; his 
movements change the capacity between the cage 
and the antenna. The latest electronic activity 
device’ generates a soundwave of a frequency 
and level that cannot be detected by most 
animals. Any motion within an experimental 
cage into which this sound wave is directed pro- 
duces disturbances in the received portion of the 
wave, causing the reccivcr to produce electrical 
impiilses which can activate many types of re- 
cording and counting devices. 

Melander (96, 97) used a photographic 
technique similar to Rothlin and Cerletti (%). 
The experimental mice were painted with a dye 
which emits visible light when activated by 
ultraviolet light. The animals were then ex- 
posed for 5 min. to panchromatic film. The 
rcsulting films afforded the investigator informa- 
tion on the types of movement, but they were 
not quantifiable. 

Several modilicatioris of the tilt-type activity 
cage have been described in the literature. 
Basically, the cage pivots on a central fulcrum, 
tilting in response to the weight of the animal 
as he moves from one part of the cage to the other. 
Sensing contacts (microswitches), below the 
platform, register the gross movement of the 
animal on digital counters. The apparatus is 
sensitive only to movement in line with the 
sensing contact on the platform below. Minor 
movements such as rearing. grooming, etc., 
which are not large enough to tilt the cage arc. 
nut monitored. ’Tilt-type uiiits have beeii dr 
scribed by Campbell (99) and Kissel (loo), and 
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the latter reported a lack of habituation to 
the unit probably due to the positive feedback 
typical of all moving-type devices. The limita- 
tion of these units is that only running activity 
is recorded to the exclusion of important minor 
movements (tremors, etc.) which may he drug 
induced. This limitation was overcome by 
Caviezel et (11. (101), who added a closed air- 
Marey tambour system which recorded activity 
by means of a work adder. Thus, while the micro- 
switches below the tilt platform recorded running 
movements, the downward displacement of the 
ball-bearing fulcrum set in motion the tambour 
membrane, and this recorded minor activity. 
Bastian (102) and Bourgault et al. (103) utilized 
a rectangular cage which tilted on a wide metal 
fulcrum, perpendicular to its axis; thus, an 
animal must run along the long axis of the cage 
in order to register a count; movement perpen- 
dicular to the long axis of the cage was not re- 
corded. Also, minor movements were not mon- 
itored, and various types of activity were not 
differentiated as is true of other instruments of 
this class. 

The jiggle cage has been used extensively to 
evaluate the effects of drugs on small animal 
activity. Earlier designs were usually of the 
spring-suspended type in which animal movement 
vertically displaced the freely swinging cage 
(104). Several interesting modifications of the 
jiggle cage have been described. Cho (105) used 
a 500-Gm. Toledo scale for the rat and a 500-Gm. 
dietetic scale for the mouse; movement of the 
animal verticallv displaced the platform of the 
scale causing upward and downward deflections 
of a pen writing on a moving kymograph. 
Schallek (106) and Sandberg (107) used a unit 
(Williamson Development Co., West Concord, 
Mass.) in which the cage was suspended on a 
resilient cantilever beam which permits slight 
sideways motion of the cage in response to the 
animal’s activity. The sideways motion is pro- 
portional to the acceleration imparted by the 
animal. Such motion caused a switch to close 
momentarily whenever the integrated accelera- 
tions reaehcd a predetermined level. A similar 
apparatus was described by Chappel (108) ; 
the cage was suspended by a ball and socket 
joint from a spring steel or spring bronze canti- 
lever beam. Movements of the animals were 
recorded by electrical counters activated by con- 
tact of the cantilever with a stationary screw. 
‘Thc sensitivity of the apparatus can bc adjustcd 
for body weight differences by turning the screw 
iegulating the gap between the stationary con- 
tact and the cantilever beam. The advantage 
of this unit is that small movements such as Ultra-Sonic Motion Detector, Altun Electronics Co., 

Gainesville, Fla. 
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grooming, biting, gross respiration, head bob- 
bing and swaying can be recorded, although 
t:he moveme:nt of the cage, itself, is relatively 
sright. 4 jiggle platform (1,ehigh Vallcy Elec- 
tronics, FogPlsvillc, Pa.) has beeri devcfoped 
which oscillattes horizontally on a set of ball 
hearings. Sudden movements. e.g., turning, 
running, jumping, etc., cause the platform to 
move slightly, making and breaking an electrical 
contact. A wide range of sensitivity is ac- 
complished by the raising or lowering of a conical 
pendulum into or out of a mctal ring. Elowever, 
t:his apparatus is only suitable for measuring the 
activity of rats or hamsters and cannot monitor 
niousc activity. In gcncral, the suspended jiggle 
cage has several limitations. First, most of the 
units lack a dampening effect so that carry-over 
momentum generally exaggerates the amount 
of activity; second, it is a moving or mobile 
unit which may generate a small amount of pos- 
itive feedback stimuli; third, thc animals satiate 
riqidly so that accurate estimation of peak drug 
effect is required or else the effect will be missed; 
finally, the units are difficult to calibrate; at- 
tempts to maximize the sensitivity of such 
cages in order to  pick up minor movements re- 
sult in excessive residual excursions after animal 
activity has stopped; on thc othrr hand, decreds- 
ing the sensitivity precludes the monitoring of 
minor movements. An advantage is that various 
types of behavioral patterns ran bc monitored on 
a pen recorder; however, such records are dif- 
ficult to quantitatc and are only useful for z~isual 
comparison of the changes in behavior elicited 
by various d.rugs. 

The revolxring treadwheel turns as the animals 
run or walk, and revolutions in either direction 
are recorded on counters. For a review of the 
carly units (prior to 1958) the reader is referred 
t o  Riley and Spinks (78). Skinner (10!1) also 
reviewed the parameters of the exercise wheel in 
1933. Hecame of the large positive feedback 
generated by animal movement, habituation to 
this unit does not occur so that it is possibly the 
only unit in which cross-over studies can be car- 
ried out (110). This apparatus is capable of de- 
tecting the  stiInulating efects o f  monoamine oxi- 
dlase inhibitors ( I  10) which cannot be monitored 
with immobile units. Irwin (1 10) indicated that 
the treadwheel can also detect doses of drugs 
which disorganize behavior. Because of the 
mobility o f  the apparatus, animals generally 
sustain their behavior over a long time interval 
and, therefore, it appears that the unit is of more 
value in the study of depressants where it is 
desirable to obtain stable, sustained levels of 
activity as a baseline. In order to study stimu- 
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lants in this type of unit, Wiedemeijer et al. (1 1 I) 
limited the mice to a section of the turning wheel 
by fixing a partition within it causing the animals 
to produce a smaller baseline of spontaneous 
activity. Since the apparatus only measures 
running activity in revolutions, Iioycr et uZ. (1 12) 
increased the information output by attaching 
a tachometer-generator and recorded the output 
on an Es terheAngus  pen recorder. 

Investigators have used both graphic and 
numerical recording techniques to illustrate drug- 
induced changes in spontaneous activity. 
Graphic recording illustrates types of activity 
(rearing, jumping, grooming, etc.), and, therefore, 
can indicate specific qualitative alterations on 
behavior; digital counters, on the other hand, 
rdcc t  only quantitative changes. The tendency 
today is to record only quantitative changes, 
because it is relatively simpler and less expensive 
to attach some type of digital counter to the 
activity unit. However, this must be done with 
guarded caution, for each method of recording 
gives important information about drug effects. 
For instance, Tonini (113) has indicated that 
sedative, subhypnotic doses of barbiturates did 
not decrease numerical values in his actograph 
unit, but did alter the activity graphs (short, 
intense, and more frequent bursts of activity with 
long periods of rest between) : whereas, tran- 
quilizers, in therapeutic doses, decreased numer- 
ical values but did not alter the graphic record. 
Thus, both procedures should he used in the pre- 
liminary evaluation of psychoactive compounds. 

Forced Motor Activity.-The neurotoxic 
effects of psychoactive compounds have been 
evaluated by “fall-time” tests which measure 
motor coordination of experimental animals. 
There are two types of “fall-time” methods: 
those using inclined planes, and those using 
rotating rods and cylinders. A discussion of 
the fixed incline plane procedure can be found 
in the paper by Riley and Spinks ( i 8 ) .  The 
data are usually expressed as the average time 
that a group of animals can stay on or as the per- 
centage of animals falling off within an arbitrary 
period of time. The first of the horizontal rod- 
type of instrumcnt was the hollow screen cylinder 
clcvised by Young and Lewis (11.1) for testing 
insulin. Mice which could not hold on to  the 
rotating cylinder fell into mctal trays. I t  was 
later used in the assay of curare (11.5) and the 
ineasurement of sedation (1 16). The horizontal 
rod method appears to be the more popular devire 
today because of the simplicity o f  construction 
and objectivity of measurement. I t  was uscd by 
Dunham and Miya (1 17) for detecting neurolog- 
ical deficits of psychotropic agents in rats and 
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cncc drug response as measured in the various 
devices described above. Such parametric 
effects may differ not only among the various 
classifications of compounds but from drug to 
drug within a single classification. Thus, by ex- 
perimental manipulation of environmental fac- 
tors, a drug may be made to have a stimulant 
effect, a depressant effect, or no effect on motor 
activity (122). I t  is, therefore, of extreme im- 
portance that investigators take into considera- 
tion the parameters which have been shown to 
influence drug response and utilize the combina- 
tion of variables which will produce the optimum 
results. For instance, test and housing aggrega- 
tion size, sex, illumination of the test environ- 
ment, availability of food prior to the test, and 
route of administration can be powerful determi- 
nants of the magnitude of drug effect. Wright 
et al. (83) reported that promazine produced an 
immediate equal decrease in the activity of in- 
dividual mice and groups of mice; whereas, pento- 
barbital in low doses produced a greater increase 
in the activity of animals tested singly than those 
tested in groups. Brown (123) found no differen- 
tial effect of chlorpromazine on the activity of 
single and grouped mice, but Watzman et al. (124) 
reported that. chlorpromazine had a greater de- 
pressant effect on activity of mice tested in ag- 
gregations of fivc than on those tested singly. 
This drug -aggregation interaction may indicate 
that chlorpromazine potentiates the tendency for 
grouped animals to clump together and thus 
register relatively low activity. When dose- 
response curves for test aggrcgations of one, five, 
and nine animals per test unit were compared 
(125), the slopes indicated that chlorpromazine 
produced a greater depressant effect on the larger 
test aggregations than on animals tested singly; 
furthermore, the slopes for both multiple animal 
groups were approxiniately the same so that there 
appeared to be no advantage in using as many as 
nine (126) animals per test unit. It has also been 
reported (125) that chlorpromazine produced a 
significantly greater effect on animals housed and 
tested under the same aggregation conditions than 
thosc housed and tested under different condi- 
tions. Since amphetamine has been shown to 
stimulate aggregated animals more intensely than 
isolated animals ( I  27), the group situation gives 
evidence of accentuating both depressant and 
stimulating drug effects. 

An experimental condition producing a power- 
ful effect on drug response is the illumination of the 
test environment (125). It is well documented 
that the spontaneous activities of rodents (128) 
and rabbits (129, 130) are affected by illumination 
conditions. Chlorpromazine had a greater effect 

mice; Herr (118) compared thc effects of anti- 
depressants and tranquilizers on the rotarod 
performance of mice; and Plotnikoff et al. (119), 
studying the effect of stimulants, was able to 
distinguish between amphetamine which en- 
hanced rotarod performance and caffeine which 
was inactive; Kinnard and Carr (80) studied 
several types of depressants and suggested the 
combined use of the rotarod and the photocell 
activity cage to characterize and differentiate 
between various types of depressants. The 
objectivity of the apparatus was increased 
recently by an electronic circuit which auto- 
matically stops a timer when the animal falls to 
the compartmentalized platform beneath the rod 
(120). 

Otis (121) assessed motor coordination by 
forcing animals to perform on a drum 18 in. in 
diameter. When an animal could not maintain 
his performance, he slipped to the back wall plate 
of his compartment, tripping a microswitch which 
transmitted an impulse to a digital counter. 
Both the number of times and the total time the 
wall plate was depressed were recorded. 

.4n important factor which has bcen neglected 
in forced motor studies is the “free ride” animals 
will take periodically throughout the trial. A 
“free ride” is defined as one revolution in which 
the animal holds on without walking. This 
could result in the failure to detect minor depres- 
sive actions of drugs and neurotoxicity, because a 
drug might decrease motor coordination without 
impairing the ahility of the animals to wrap them- 
selves around the rod and ride. In one study (86) 
the avcirage per cent rides for the training trials 
ranged from 0.2-11.170, and the range among the 
placebo-treated animals was 0.0-10.5%. While 
0.2’% riding may be insignificant, especially a t  thc 
higher speeds and longer time trials, the higher 
value of 11.1% may mask drug effects. The 
results may be affected to a greater degree when 
large doses of a depressant drug are administered, 
because the animals may have enough strength to  
hold on, even though thc drug has affected their 
coordination. Per cent rides as high as 57.6yo 
were recorded with 16 mg./Kg. of chlorpromazine, 
administered orally to mice. It is suggested that 
investigators observe animal performance care- 
fully and take into consideration the possibility 
that erroneous conclusions concerning drug effects 
may be drawn from such data. 

Parametric Influences on Drug Response. 
-Although the literature is filled with many 
papers dealing with the effect of psycho- 
tropic drugs on motor activity, very few in- 
vestigators have been concerned with the vari- 
ous parameters which might significantly influ- 
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on spontaneous niotor activity of mice tested in 
the dark than in the light during the latter half, 
but  not the first half, of a 2-hr. test (125). Under 
tlie placebo condition the decrement in activity of 
mice in the last hour of the trial was much 
steeper and diecreased to  a much lower level in the 
animals testled in the illuminated condition. 
Testing in the dark produced no increase in ac- 
tivity in the initial exploratory phasr hut did 
greatly decrease aclaption during the latter part of 
the session. Apparently-. the high curiosity and 
exploratory behavior in the initial part of the test 
was powerful enough ti? ovcrconic the elTects of 
ill.umination. 

It has also been reported that  the activity of 
females was c~onsistetitly higher than males in the 
photocell activity cage, and that  chlorpromazine 
had a significantly greater depressant effect on the 
spontaneous activity of females than males, dur- 
ing the first 0.5 hr. of the trial ( m j .  I t  was thus 
conclutled that condi tions which elevate normal 
activity (aggregation, darkness. female sex, same 
housing, and test groupings) enhance the depres- 
sant eflect of chlorpromazine on spontaneous 
wtivity. On the other hand, when the normal 
activity level i s  low, such as at the end of a test 
session in an illuminated environmcn t ,  the effect 
of chlorpromazine is slight. The influence of 
these factors appears to  be class-specific. For 
instance, whilr the activity response to perphen- 
azine and chlorpromazine (phenothiazines) is in- 
ff uericed by the same environmental factors and in 
the same direction, the response to pentobarbital 
is not (83, 120). The response t o  pentobarbital 
was not differentially affected b y  test illumination, 
as was the response to phenothiazines; however, 
i t  did produce a consistently greater effect on 
fasted than satiated animals. while responses 
to tlie phenothiazine compounds were not differ- 
entially affected by the feeding condition of the 
animals. The authors rccommendcd (12.5) that 
the most sensi Live measure of chlorpromazine ef- 
fect in the phntoccll activity rage could he ob- 
tained by testing an aggregation of five female 
mice for a period of 0.5 hr. beginning 30 min. 
after i.p. administration of the drug (86). 

Another parameter, often neglected, which may 
alter response to  a drug is the difference in 
sensitivity among the measuring units. If more 
than one inst.rument is being used, then tht. 
investigator must tfcmonstrate equality of scnsi- 
tivity (131). Failure to do so may lead to  in- 
accurate interpretations of drug effects. Since 
there is ;L difference in sensitivity among photo- 
cell units. even from the same manufacturer (125). 
i t  is iinperative that  the various levels of all 
experimental variables be exposed t o  each unit 
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in a factorid design or else all animals under all 
conditions should be tested in a single unit. 

The location of the photocell beams is also an 
important determinant of drug efiect on motor 
activity. The use of two right-angle (crisscross) 
beams yielded a better delineation of low doses 
of chlorpromazine than three parallel beams 
(132). IHowever, there was a greater drug effect 
with the two peripheral beams than middle 
beam in the parallel arrangement, with no sig- 
nificant drug-beam interaction in the crisscross 
arrangement. The data suggestcd that the most 
sensitive mensm-e of chlorpromazine effect would 
be with an arrangement of two pairs of peripheral 
beams at right angles to  each other. 

The importance o f  evaluating drugs at certain 
test intervals is borne out by  Dews (79) in measur- 
ing the influence of certain drugs on the loco- 
motor activity of mice with the photocell activity 
cage. Ire found that  the initial part of the trial 
(first 15 min.) produccd Inore reliable data  than 
any other test interval. This is the period of 
exploratory hy  perniotility which occurs when 
animals are first placed into a ncw environment. 
The high reproducibility of the data  during this 
period is probably due to  the fact tha t  the animals 
search to the same degree to satisfy their curiosity 
and, therefore, the variability of movement 
among the animals is small. Horsy et nl. (133) 
studied several classical tranquilizers by  their 
ability to inhiljit this orientational hypermotility. 
This appears to he a sound approach to the 
evaluation of depressants because the test coin- 
pounds were made to challenge a natural, un- 
learned reaction similar to the clinical situation 
for which thcsc compounds arc used. Bonta 
(134) reinforced this exploratory behavior by 
moving mice from a large rectangular cage in a 
dark room to a small round test cage in an 
illuminated room and measured spontaneous 
activity for the first hour only. Resrrpine, 
azacyclonol, benactyzinr, and chlorpromazine 
abolished this hypermotility, but  meprohamate 
was successful only in ataxic doses. These tests 
are in contrast to the studies in which drug- 
induced hyperactivity is used as the baseline of 
performance (135, 136). 

Otis (‘32) illustrated the importance of evaluat- 
ing drug effects over long, as well as short, 
periods. He reported that deanol, phenelzinc, 
and imipraniine produced quantitative differences 
in spontaneous activity relative to placebo con- 
trols, depending on whether they were tested for 
3 or 16 hr. The data suggested that  different 
drugs may require different testing periods in 
order to achieve significance. 

Irwin (137) has reported on the influence of 
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the other hand, the disadvantage of repeated 
tests on the same animals is that both drug and 
behavioral carry-over effects may occur from one 
test to the next, especially when thcre is a short 
time interval between sessions. Adler (l45), 
utilizing the photocell activity cage, found a 
greater depressant effect of tctrabenazine on the 
motor activity of rats in the second of two tests 
with a I-week intertrial period. Kushton et nl. 
(146) have shown that even a single brief ex- 
perience in a Y-shaped maze, lasting only 3 min., 
markedly modified subscquent reactions to an 
amphetamine-amobarbitsl mixture. Ross and 
Schnitzer (147) reported an elevation of activity 
level of mice 2 weeks after the animals had been 
tested for locomotion whilc under the influence of 
a single dose of d-amphetamine sulfate. The same 
authors later showed in a separate experiment, 
that the drug was not directly involved in the 
later elevation of activity and theorized that the 
animals learned to be more active due to their 
prior treatment of the stimulating drug. Watz- 
man et ctl. (124) tesled mice twice in the photocell 
activity cage, 1, 3, 7, and 14 days apart. The 
scores in the second test wcre generally lower 
than thosc of the first test, and this behavioral 
carryover effect was greater for groups given a 
second test at intervals of I or 3,  rather than 7 
or 14 days after the first test. Even a t  the 7 and 
14-day intervals the recovery of the original ac- 
tivity level was riot complete. A more important 
finding in this experiment was that clilorprotna- 
zinc produced a greater depressant effect on 
activity in the first 0.5 hr. of the second session 
than of the first session. This effect was clearly 
not due to accumulation of the drug from the 
Grst session because the greater drug effect was 
found in the second session after the 14-day 
interval as well as after the I-day interval. 
The authors concluded that investigators must 
be careful when using the same animals more than 
once in tests of drug effects. They recommended 
that the sequence be counterbalanced giving 
placebo first to half of the animals, and the drug 
first to the other half. The high over-all correla- 
tion in activity between the first and second ses- 
sions showed that the use of repeated tests on the 
same animals can increase the sensitivity of the 
test of drug even though there is a difference in 
performance and a different magnitude of drug 
effect between the two sessions. Thus, the effects 
of the drug can be tested adequately with a 
greatly reduced number of animals by the use of a 
repeated test design. 

Statistical Treatment of Activity Data.-- 
Parametric tests of statistical significance, such 
as the analysis of variance and t tests, assume 

internal and external factors on spontaneous 
activity in the treadwheel; female rats were more 
responsive to drug effects than male animals: 
hyperactive animals were found to be significantly 
more responsive to both stimulant arid depressant 
drugs than hypoactive animals. In the female 
rat, peak running activity occurred every fourth 
day in correlation with the estrus cycle (138). 
Older rats performed more intensely but with 
shorter spurts of activity and maximum tread- 
wheel activity was observed in animals between 
87 and 120 days (139), 175 days (140), arid 300 
days old (141). Jones et d. (142) reported that 
running activity in the wheel varies inversely 
with age and directly with experience although 
these relationships are not linear. Ilesroches 
(143) also found that activity in the treadwheel 
declined with age bu t  reported that prior ex- 
perience in the unit did not influence this de- 
crease. The discrepancy in thc literature is 
prohalily due to differences in environmental 
conditions, such as temperature. illumination, arid 
sound levels of the experimental room. Strom 
has described extensive studies on the suitability 
of the treadwheel for the evaluation of substances 
having potential central depressant action (14.4). 

The literature is sparse with regard to the 
influence of experimental conditions on rotarod 
performance. However, thcre is some evidence 
that manipulation of speed and rod diameter 
alters the magnitude of drug response. l’lotnikoff 
et al. (119) studied the effect of amphetamine and 
other stimulants a t  three different speeds (11.44, 
18.30, and 29.28 r.p.m.) and reported that the 
effect of amphetamine was smallest a t  the lowest 
speed. Watzman et al. (86) found that chlor- 
promazine produced a greater depressant effect 
on mice when they performed on a “in. diameter 
rod rather than on a 1 or 1.5-in. rod. 

I t  is apparent from the foregoing discussion 
that environniental arid experimental factors 
must be carefully controlled; for, as mentioned 
before, the effects of drug on behavior are largely 
a function of the situation in which they are 
studied. 

Repeated Tests of the Same Animals. --The 
advisability of re-using animals in experimental 
situations has been controversial and was 
briefly discussed earlier. It is highly desirable, 
if possible, to give repeated tests to the same 
animals when evaluating the effects of psycho- 
tropic agents O T ~  behavior. Not only is it an 
economic advantage, but a more sensitive test 
is obtained because the consistency of indi- 
vidual performances usually found in repeated 
tests means a smaller variation in scores against 
which the effects of drug can be measured. On 
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that  the frequency distribution of scores is 
rronskewed and tha t  the variance among the 
experimental groups is approximately equal. 
Ilsually, because of the extreme variations in 
activity 1xr:iormance among small animals, i t  
i:; necessary to transform the data and thus 
normalize the frequency distribution. If this 
is not donc, the non-normality is likely to be 
accompanied by a loss of power in the F and t 
tests and a corresponding loss of efficiency in 
estimation OjF treatment effects (148). Further- 
more, extremely high raw scores are likely to 
lead to a misinterpretation of relative magnitudes 
if they are farther froin the mean than the lowest 
scores. Logarithmic or square root transforma- 
tion of data may normalize the distribution of 
xorcs by reducing the magnitude of the high 
scores more than the low ones, In a recent study 
of the photocell activity cage (124), a comparison 
of the raw, square root, and logarithmic forms of 
experimental data indicated that the raw scores 
were skewed in a positive direction with extreme 
high scores being much farther from the mean 
than were the extreme low scores. The loga- 
rithmic scores were skewed in the opposite, 
ncgative direction, whereas the square root 
s’cores were skewed to the least degree (positive 
direction). Also, spontaneous activity appeared 
t(o be most stable when the scores were in thc 
qua re  root form. Irwin (110) has used square 
mot transformation data on locomotor activity 
in the treadwheel, and Kissel (100) found it 
necessary to transform tilt cage data into loga- 
rithmic form. The skewncss of a frequency 
distribution can be roughly estimated by com- 
paring the relative distancc of the highest score 
and the lowest score from the mean or mcdian 
value. A more refined procedure (149) requires 
the estimation of the mean (M), median (Mdn) 
or mode, and standard deviation (S.D.). Either 
of three equivalent equations may be used as 
follows : 
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~ _. _ _ _ _ _ _ ~  ~ ~ _ _ _ _ _ _  - - Id - niodc _ _  M - [M - 3(M - Mdn)] 
S.D. S.D. 

3(M - Mdn) 
S.D. 

The valuc of a normal frequency distribution 
is 0, and therefore data mdiich are distributed in a 
manner approaching normality would have a 
\allue close to 0. 

Because reliability and reproducibility of data 
are of extreme importance to scientific investiga- 
tors, it  is desirable to use the most sensitive 
measure of rleliability. One statistical procedure 
which is extremely useful is the split-half method 
(150). in which stability of performance for each 
animal withiin the same session can bc readily 

computed. For example, if the spontaneous 
motor activity of an animal is measured over a 
2-hr. period in 15-min. segments, the performancc 
of the even time intervals (2nd, 4th, 6th, and 
8th) is correlated with the scores recorded in the 
odd time segments (lst,  3rd, j th ,  and 7th). The 
resulting correlation coefficients can then be 
tested for statistical significance of differences by 
the method described by Edwards (151). 

Rotarod performance of rodents treated with 
central nervous system depressants has been 
recorded as the per cent decrease in performance 
times (81) or the per cent of animals (118, 152. 
l B ) ,  falling off a t  a predetermined time (all-or- 
none method). A more consistent dose response 
effect was obtained for chlorpromazine when the 
‘‘perlormame time” method of recording was used 
(87). The all-or-none method, in principle, does 
not appear to be satisfactory. If an animal scores 
179 scc. under a low dose and 20 sec. under a 
higher dose in a 3-min. trial, a satisfactory dose 
response curve would be achieved under the 
time-response procedure; whereas, under the 
all-or-none method, 1007, depression would be 
reported for both doses. There is even some 
question as to the suitability of the “performance 
time” mcthod of rccording the data. Because 
all trials are terminated at some point of time, 
the data are usually skewed with the majority of 
trained animals scoring a t  the “ceiling” or 
maximum time limit of the experiments with 
some animals scattered throughout the middle 
and lower part of the frcquency distribution. 
Therefore, parametric tests of significance, such 
as the analysis of variance and t tests, cannot be 
properly applied for the reasons given above. 

Since the drug effect may vary with environ- 
mental factors, it  is desirable in activity experi- 
ments to study thc effect of a drug over a range 
of conditions. This can be done efficiently by the 
use of the factorial design which permits broader 
generalizations to be drawn than a group of 
individual studies which are limited to a single set 
of conditions (154). The statistical treatment 
of activity data of this type can be efficiently 
analyzed by the analysis of variance test. I t  is 
a flcxihle statistical procedure which is capable of 
treating several levels of experimental variables 
simultaneously. Ry providing estimates of 
interactions between doses and the other variables 
of the experiment, it  gives important information 
on parameters which govern or influence the 
appearance of a particular drug effect. 

SUMMARY 
It would appear that a total pharmacological 

evaluation of psychotropic drugs must include the 
use of a t  least two different animal species in an 
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observational program. If time and funds are 
available, a third species can be added. The 
rodent (mouse or rat) and the cat would seem to 
be the favored animals for this procedure with 
the monkey being the third species. The rodent 
screen should provide not only behavioral or 
pharmacodynamic data, but also toxicological 
information for the protection of animals used in 
subsequent studies. The rodent observational 
scale should include the signs characteristic of 
autonomic and central nervous system changes, 
and certain behavioral measurements obtained 
through the use of open field tests and the rating 
of signs, such as grooming, etc. More important, 
an additional sequence should involve the meas- 
urement of social interaction of rodents. This 
latter point is too often omitted from the typical 
observational scale. The cat can be used as a 
test animal once sufficient toxicological data has 
been obtained. It provides the stable baseline 
of behavior that may give a better correlation of 
drug effects than the data obtained from the 
rodent studies. The cat procedure should allow 
the generation of a high degree of behavior, and 
the rating scale should include a sufficient number 
of rating points so that information is not over- 
looked. The use of paired, free-roaming cats 
may be advantageous over other techniques in 
that their activity may be increased over caged 
or restrained animals. Data reduction is ex- 
tremely important in these tests, and the use of 
certain computer programs may serve to fulfill 
this need. The clinical predictiveness of obser- 
vational data is undoubtedly more reliable when 
the number of species involved in the tests is 
increased. The addition of the monkey to the 
rating procedurc increases this reliability and 
proirides some natural behavior pat terns 
(aggression) that are not seen routinely in other 
test animals. Even with the additional species, 
preclinical predictiveness is at  best difficult. To 
overcome this and other inadequacies, better 
models of behavior must be developed for the 
test animals. It would appear that the “ex- 
perimental neuroses” developed in test animals 
should be re-evaluated and a new set of baselines 
formed. The present methods of developing 
conflict behavior by using adverse stiniuli may 
not be the suitable method for attempting the 
differentiation of drug effects, but this would 
appear to be a major area for future work in 
observational research. 

The fixed type of activity unit such as the 
photocell cage appears to be the preferable 
apparatus for  monitoring small animal activity. 
It measures lateral motion directly and does not 
introduce any movement artifacts typical of the 
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indirect type of activity cage. The indirect 
measuring units, such as the jiggle cage, are 
difficult to calibrate and the data, too often, 
represent frequency of cage movements rather 
than animal movements. The sensitivity of the 
direct type of activity apparatus has been vastly 
increased by investigators with the use of in- 
tricate electronic circuitry. Further efforts to 
increase sensitivity with still more complex and 
sophisticated instrumental design does not appear 
to be necessary. Present concepts of drug evalua- 
tion are based on the assumption that totcd 
movement must be measured in order to monitor 
drug effects sensitively. However, investigators 
(84) have accurately simulated the clinical effects 
of stimulants by recording only one component 
of behavior, while the recording of total loco- 
motor activity failed to do so. This is not sur- 
prising in view of the fact that the primary effects 
of amphetamines in humans are nonlocomotor in 
nature (restlessness, irritability, anxiety). Simi- 
larly, depressant compounds may alter selectively 
only a few component behavioral patterns of 
total activity. Therefore, research should turn 
its attention toward delineating, if possible, the 
specific behavioral patterns affected by particular 
compounds or classification of compounds. If 
successful, the use of complex, expensive appara- 
tus capable of recording every type and all dc- 
grees of movement would not be justified. Papers 
ha\Te been reviewed which indicate that the quali- 
tative and quantitative effects of a drug are a 
function of the environment in which it is tested. 
Because such parametric influences vary from 
laboratory to laboratory, it  is incumbent upon 
each investigator to determine the optimum set 
of experimental conditions for his laboratory. 

Because of the great variability in activity 
between animals, proper statistical treatment of 
data is extremely important to the behavioral 
scientist. He depends to a great extent on the 
power of tests of statistical differences to give 
meaning to his data. Since parametric tests 
(analysis of variance, t tests) assume that frc- 
quency distributions are normal, it  is imperative 
that investigators consider the transformation 
(log, square root) of raw data before applying 
these statistical tests. 
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Resemcb Articles- 

Synthesis of 14C-Labeled Isomers of 
Dichlorodiphenyldichloroethanes (DDD) 

By R. E. COUNSELL and ROBERT E. WILLETTE 

1,1 -Dichloro-2 -(o-chlorophenyl)-2-(p-chlorophenyl-14C)ethane (o,p’-DDD- ”C), 1,1- 
dichloro-2-(m-chlorophenyl)-~-(p-chlorophenyl-14C)ethane (rn,p‘-DDD-l4C), and 
1,1-dichloro-2,2-bis-(~-chlorophenyl-14C)ethane ( p ,  p’-DDD-I4C) were synthesized 
by acid catalyzed condensation of chlor~benzene-~~C with excess 2,2-dichloro-l- 
(0-, w-, and p-chloropheny1)ethanols. The carbinols were prepared in good yields 
by reverse addition of the chlorophenyl Grignard reagent to dichloroacetaldehyde. 
Purity was determined by thin-layer and gas chromatography. The I.R., IJ.V., and 

NMR spectra of these compounds are discussed. 

NTEREST in the development of radiopharma- prompted the present study. For this purpose, I ccuticals suitable for adrenal photoscanning an agent that selectively concentrated in the 
adrenal and could be labeled with a -,-emitting 

Rereived April 25, 1966, from the Laboratory of Medicinal 
Chemistry, College of Pharmacy, University of Michigan, ~~dionuclide was necessary. This Paper de- 

scribes the synthesis of 14C labeled isomers of 1,l- Ann Arbor. 
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1966. he utilized in tissue distribution studies. The 

This work was supported by grants CA-08349-01 from the 
National Cancer Institute U. S. Public Health Service synthesis of other DDD isomers and lZ5I and 
Bethesda, Md.,  and PRA’18 from the American Cance; 
Society. New York, N. Y. 

dich10ro-2’2-bis-(ch10ropheny1)ethane (DDD) to 

1311 isomers will be reported elsewhere. 




