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TOOLS OF DRUG DEVELOPMENT 

Drug development is the foremost objective of most pharmaco- 

logists in the pharmaceutical companies and some pharmacologists 

in the other research institutions. To meet this objective, thou- 
sands of new chemical compounds must be evaluated in order t o  dis- 

cover one which can be safely employed in the treatment of human 
illness. Such evaluation requires an enormous number of experi- 
mental subjects specially prepared for this purpose. Since use 
of human patients for initial screening of new chemicals is not 
feasible one must depend on laboratory animals that can be used 

repeatedly and extensively. 
The art of screening drugs was only recently developed and, 

therefore, remains mostly empirical. 
which method of evaluation yields clinically relevant information. 
bJe spend a great deal of time and effort continuously to devise 
new research tools with the following characteristics. 
Simplicity: 
facilities and animal species, minimum technical information 

We are not yet sure as to 

The tools should employ readily available laboratory 

*Baaed on Invited Lecture presented at International Symposium on 
Drugs as Discriminative Stimuli, July 2-5, 1978, Beerse, Belgium 
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134 LAL 

required on the pa r t  of laboratory technicians,  and minimum super- 

vis ion by the  senior  s c i e n t i s t s .  

should be object ively defined so  t h a t  they can be recorded auto- 

matically and with minimum involvement of t he  human observers. 

Reproducibility: The r e s u l t s  of drug evaluation should be ex- 

pressed i n  d i g i t a l  numbers which a re  reproducible. 

dosage tes ted repeatedly and across laborator ies  should produce 

r e s u l t s  which f a l l  within a narrow range. 

l ished s t a t i s t i c a l  methods should be d i r e c t l y  applicable t o  the 

data obtained. 

Efficiency and Speed: A minimum input of e f f o r t  should provide 

maximum yield.  A l a rge  number of new chemicals must be rapidly 

screened fo r  a c t i v i t y  c l a s s i f i c a t i o n  and biological  ac t iv i ty -  

spectrum as w e l l  as prediction of c l i n i c a l  eff icacy by using a 

s n a l l  number of experimental subjects  i n  which r e l i a b i l i t y  of data  

may be increased by repeated measure designs. 

The parameters t o  be observed 

The same drug 

The previously estab- 

TWO RECENT DEVELOPMENTS 

In recent years there  have been two s c i e n t i f i c  developments 

which are worth mentioning, i n  t h a t  they possess the po ten t i a l  of 

v i r t u a l l y  revolutionizing the pharmacological procedures t h a t  are 
current ly  employed i n  developing new drugs. 

receptor binding methodology. 

t o  serve as ligands of spec i f i c  binding sites i n  the body. The 

influence of new chemicals on ligand-receptor binding is  proving t o  

be a good estimate of t h e i r  i n  vivo potency i n  producing a thera- 

peut ic  act ion and/or a s i d e  e f f ec t .  

One centers  on the 

A number of drugs have been found 

Although the  receptor binding methodology meets a number of 

criteria considered desirable  f o r  drug development appl icat ion,  it 

possesses ser ious shortcomings. It is  e n t i r e l y  an i n  v i t r o  proce- 

dure which does not take i n t o  account t he  pharmacokinetic proper- 

ties of drugs. Moreover, only a very l imited number of receptor- 

spec i f i c  l igands have been found t h a t  are useful  i n  drug develop- 

ment. D
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INTEROCEPTIVE STIMULI 135 

Wherkas the receptor binding .methodology is an exclusive con- 

tribution of of biochemical pharmacologists, behavioral pharmacol- 
ogists have come up with their contribution in providing a mre 

versatile tool for drug development. 
has been developed to objectively measure, in the laboratory ani- 

mals, the interoceptive stimuli specifically produced by various 
classes of drugs (Lal, 1976). This development constitutes the 

second break-through that provides a new tool widely applicable in 
drug development. 

In recent years, methodology 

Interoceptive stimuli are the quantifiable subjective experi- 

ences that result from physiological changes occuring within the 

body. 
measured as discriminative stimuli just like the discriminative 

stimuli of sound and light which originate in the external environ- 
ment of the organism. 

They are frequently induced by drugs and can now be reliably 

INTEROCEPTIVE STIMULI 

Stimuli are conventionally defined as environmental events 
that are perceived by a living organism to produce a behavioral 

response. The quality and quantity of the behavioral emission is 
different in the presence of those stimuli than in their absence. 

The experimental characterization of a stimulus is exclusively 
based upon the behaviors that are either emitted or elicited in 
the presence of the stimulus. The type of functional relationship 
between a stimulus and a behavioral response determines afunction- 
a1 category of the stimulus. 

are recognized (for discussion see Lal, 1977a). 
At present many stimulus categories 

A stimulus may originate from either outside of from within 
Stimuli occuring only in the external environment the organism. 

are considered as the extroceptive stimuli. However, there are 
many events that are primarily initiated from within the body that 
can also act as stimuli. 
stimuli. 

They are known as the interoceptive 
Both interoceptive and extroceptive stimuli can be 
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136 w. 

divided into many functional categories, (for description see Lal, 
1977a) one of which is a category of discriminative stimli. 

Interoceptive discriminable-stimuli (IDS) are biological 
events induced within the body to serve the basis of discrimina- 
tive overt responding. 
trol of IDS a response is reinforced in the presence of the IDS 
but not in its absence. Often two alternating stimuli are mployed 

and one response is reinforced in the presence of one stimulus and 
a different response is reinforced in the presence of the second 

stimulus. Thereafter the animal seeks reinforcement by differen- 

tial responding to different stimuli, thereby indicating presence 

or the absence of a test stimulus. This is illustrated diagramat- 
ically in Figure 1. 

In order to bring behaviors under the con- 

FIGUBE 1 
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INTEROCEPTIVE STPNLI 137 

Selected drugs can be employed t o  produce spec i f i c  IDS. 

drug thus selected produces biochemical changes i n  the body t h a t  

form a stimulus complex. When the nervous system i s  excited 

through t h i s  stimulus, a new state is  organized within the nervous 

system and ce r t a in  components of t ha t  state are consciously per- 

ceived, some dominantly and others minimally. In  the beginning of 

the t ra ining,  the organism responds t o  the dominant components of 

the stimulus complex. 

as i r r e l evan t  at tha t  t i m e .  Subsequently, i f  t he  dominant stimu- 

l u s  component (cue) is found r e l i ab ly  associated with theresponse- 

consequence, it i s  adopted f o r  discrimination learning. However, 

i f  a r e l i a b l e  association is not found with the dominant event, 

one of the other cues is selected.  

The 

The other components are effect ivelyignored 

The animal does not usually respond t o  the IDS a t  the  begin- 

ning of drug-discrimination training. Rather, the subject f i r s t  

responds t o  more dominant stimuli present i n  its environment. The 

obvious ones include posit ion of the operandum, sequence of the  

t r a in ing  sessions,  o r  many other sensory cues which have been pre- 

viously relevant f o r  most organisms i n  t h e i r  na tu ra l  environment. 

It is  only when the external  stimuli do not work, t h a t  t h e d i s t i n c t  

stimulus associat ion with the drug act ion within the body becomes 

dominant. 

DRUGS AS TOOLS TO PRODUCE INTEROCEPTTVE DISCRIMINABLE STIMULI 

Uany drugs are known t o  form primary IDS; a de ta i l ed  descrip- 

t i on  of the IDS produced by various drugs can be found i n  a recen t -  

l y  published monograph (Lal, 1977). The drug classes  which have 
been experimentally employed t o  study the spec i f i c  interocept ive 

stimuli are given i n  Table 1. 

the proposed nature of the interoceptive stiqu3.i produced by each 

class of drugs, t h a t  a very wide va r i e ty  of interocept ive E t i r P u l i  

can be generated i n  order t o  evaluate new drugs t h a t  e i t h e r  mhdc 
o r  antagonize primary stimuli. 

a l so  be seeathat drugs through t h e i r  own drug-specific c b g -  

It can be w e l l  appreciated, from 
v- 

From these i l l u s t r a t i a n e ,  it can 
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138 LAL 

TABLE 1 
Drugs Known to Produce Interoceptive Discriminable Stimuli - 

Proposed nature of 
Drug interoceptive stimuli 

Amphetamines (low) Arousal 
Amp he tadnes (high) Psychotomimetic euphoria 
Antidepressants Not known 
Apomrphine Central dopamine stimulation 
Aspirin Peripheral analgesia 

Barbiturates 

Benzodiazepines 
Cannabinoids 
Clonidine 

Cocaine 

Ethanol 
Hallucinogens 
Muscarinic 
-antimuscarinics 

Narcotics 
Nartocotic Antagonists 

Neuroleptics 
Nicotine 
Pentylenetetrezole 
Phenylbenzoquinone 

Quipazine 

Sedation 

Anxiolytic, anticonvulsants (?) 

Euphoria, dysphoria (?) 

Central adrenergic activity, 
dopamimergic (?) activity 

Euphoria, anxiety (?) 

Sedation 
Psychotomimetic effects 

Central muscarinic 

Euphoria, analgesia (?)  

Dysphoria, analgesia (?) 

Not known 

Central nicotinic stimulation 
Pre-convulsive and anxiety states 

Visceral pain 
Psychotomimetic 

stimulationfinhibition 

the CNS produce specific and discriminable sensations. 
changes are qualitatively different that the conventional sensory 
experiences and are often characteristics of a drug class (for a 
detailed discussion see Lal, 1977). 

stress that the drugs are capable of initiating physiological 
changes in the CNS which are perceived as unlike those produced by 

normal life processes. Although, it is conceivable that the drug 

These 

Here it may be sufficient to 
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INTEROCEPTIVE STIMULI 139 

ac t ion  on sensory apparatus can provide a stimulus capable ofbeing 

discriminated under appropriate experimental conditions, they a r e  

not the usual events which are the basis  f o r  drug discrimination. 

METHODOLOGICAL CONSIDERATIONS 

Laboratory procedures which are employed t o  measure intero-  

cept ive stimuli are many. 

recent reviews (La1 e t  al . ,  1977; L a l ,  1977a) and w i l l  not be ela- 
borated. 

l ished i n  a very wide va r i e ty  of experimental subjects.  

rats a r e  t ra ined i n  Skinner boxes t o  press  one lever  

ted with drug and another lever  when injected with placebo. 

responses areenittetlrmtheappropriate lever ,  a food p e l l e t  i s d e l i v -  

ered a f t e r  each 10 responses. In  the  t ra ined rats, a test drug is  
injected before the rat i s  allowed t o  select the appropriate l eve r  

and no other cue i s  allowed fo r  t h a t  select ion.  These lec t iond the  

appropriate lever  is t r ea t ed  as an a l l  or none response t o  calcu- 

late the e f f ec t ive  dose of the test chemical according t o  the 

establ ished procedures of drug evaluation and s ta t ical  analyses. 

The usual one w a s  discussed i n  two 

It is s u f f i c i e n t  t o  say t h a t  IDS can be eas i ly  estab- 

Usually 

when injec-  

I f  

There are three types of discrimination current ly  employed i n  

The most of ten used discrim- the drug-discrimination experiments. 

inat ion employs a drug versus s a l i n e  d i s t i n c t i o n  which has been 

found very useful  f o r  defining spec i f i c  IDS associated with any 

drug class. 

of t h e  same drug. 

the quant i ta t ive and qua l i t a t ive  aspects of t he  IDS produced by 

d i f f e ren t  drug doses. 

crimination between two drugs. 

i n  obtaining information on the  differences between t h e  pharmacol- 

ogical  perper t ies  of two drugs belonging t o  the same class .  

example, many neuroleptics are a l s o  anticholinergics.  I f  an ani- 

ma l  can discriminate between two neuroleptics such as haloperidol 

and clozapine, one of which is devoid of ant ichol inergic  proper- 

t ies,  the discrimination between the two may provide a measure of 

The second type of discrimination u t i l i z e s  two doses 

This discrimination can provide information on 

The t h i r d  type of experiment involves dis-  

This type is  pa r t i cu la r ly  use fu l  

For 
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140 LAL 

the presence or absence of this undesirable property. However, 
because there has been very little work done on drug-drug discrim- 
ination it is yet difficult to precisely evaluate its usefulness 

in drug development. 
In addition to the above, one can conceive of several other 

discrimination strategies which can be used for specific purposes. 
They usually involve drug combinations at different doses. More 

than two DS may also be used. Generally the availability of the 
number and complexity of possible combinations If virtually un- 
limited. 

APPLICATIONS IN DRUG DEVELOPMENT 

The ways in which IDS can be employed in drug development are 
numerous. Some of them are illustrated below but this is not 
intended to be an exhaustive list. As the research in this field 

is progressing rapidly, new applications are continuously becoming 
apparent. 
Primary Screening of New Chemicals: 
drug induced IDS is to evaluate new compounds for pharmacological 
activity. 
ployed to date as standards. 

are given the expected bases of IDS produced by those standard 
drugs. 
active drugs and are associated with very specific drug actions. 
For example, the EDso values for the narcotics in producing IDS 
are markedly lower than those obtained by measuring analgesia in 
the same animals (Colpaert et al., 1976; Lal, et al., 1977; 
Neimegeers, et al., 1976; Miksic and Lal, 1977). In the case of 
narcotic antagonists doses as l o w  as 0.1 mglkg are readily detec- 
ted (Gianutsos and Lal, 1976). The discrimination procedure has 
been proven useful for screening analgesics, narcotic-antagonists, 

CNS stimulants, hypnotics, anxiolytics, cannabinols, serotonin 

agonists, dopamine antagonists and muscarink drugs. The potential 

An important application of 

For this purpose many classes of drugs have been em- 

Also They are listed in Table 1. 

The IDS are usually produced by very low doses of the CNS 
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INTEROCEPTIVE STIMULI 14 1 

for screening antidepressants, antihypertensives, antidiarrheals, 
anorexants, gabamimetics and anticonvulsants by this method is 

currently being investigated. 
Drug Classification: 
classify new chemicals into various pharmacological categories or 

classes as well as to establish their mechanism of action. Sev- 
eral illustrations of this use have been published in literature. 

They suggest that there are sufficient data now available todemon- 
strate that IDS can be reliably used for predicting drug classifi- 
cations, particularly in the case of the CNS stimulants, anxioly- 
tics, narcotic analgesics, psychotomimetics, nicotinics,mscarinics, 
dopamine agonists, antianxiety drugs, anticonvulsants and anti- 
inflammatory analgesics. To date, various other drug classes have 
not been extensively investigated. 
Screening for Specific Actions: 
may be particularly valuable is in providing a screening procedure 
by which a drug can be evaluated for specific therapeutic action 
without interference from side effects. To illustrate, animals 
may be trained to discriminate an anxiolytic drug from a mildly 
depressant drug and then used for testing new anxiolytics with no 
sedative properties (La1 and Fielding, 1978). In another situa- 
tion an undesirable action of a drug may be blocked prior to its 
use as a training drug. As long as an antidote of a side effectis 
available it can be combined with the drug. The drug action inthe 

presence of the antidoted side effect is then used as the training 
drug. 
antidoted action. 
at the time of screening exists is a wide variety of pharmacologi- 
cal areas. Narcotic antagonists without agonist properties,neuro- 

leptics without sedation or extrapyramidal side effects, anticon- 
vulsants without sedation, anorexants without other CNS effects, 

and antidepressants without autonomic side effects are only a few 
examples of the CNS drugs which could be screened in drug discrim- 

ination tests. 

The IDS produced by drugs can be used to 

A n  area in which IDS methodology 

From this, new drugs can be sought that generalize to the 
The need for such differentiation among drugs 
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142 LAL 

Development of New Antagonists: New chemicals can be sought to 
antagonize the stimuli produced by specific drugs. For example, 
whereas no other drug is known to block narcotic stimuli, narco- 
tic antagonists do that very well. Comparable antagonists which 

are specific to barbiturates, nicotine, amphetamines, cocaine and 
alcohol are not yet available. 
be employed to discover and evaluate such antagonists. Whereas 
other procedures can be used to detect antagonists at the biochem- 
ical or physiological levels, the discrimination technique speci- 
fically determines if the potential antagonist is useful in block- 
ing the subjective effects of the psychoactive drugs. 
discrimination procedures may be critical where other procedures 

are not available. Where other procedures are available, the dis- 
crimination techniques provide more economical and reliable alter- 
natives, as once trained, the same animals are used repeatedly 
throughout their life span. 
New Drug Property: Induction of IDS produced by a drug is a new 
addition to the list of various actions of drugs. In as much as 
it is related to euphoria or dysphoria produced by the drugs, it 
lends itself to their quantitative and qualitative characteriza- 
tion in laboratory animals. This is a real breakthrough as these 
properties of drugs in the past have defied all attempts of their 
controlled measurement. Full potential of this property of drugs 
has yet to be realized. 
Mechanism of Drug Action: 

centers on the establishment of the biochemical mechanisms under- 
lying each of the specific drug actions. Because the drugproduced 

IDS is a specific action that can be reliably measured, it is a 
potentially good tool in establishing mechanisms of drug actions. 
It is particularly useful where the objective is to determine the 

mechanisms underlying the elicitation of subjective feelings by 
the drug since no other procedure lends itself t.0 the study of 
this aspect of drug actions in animals. 
isms underlying the various actions of the same drug are not 

The discrimination procedure can 

Drug 

A critical question in pharmacology 

The biochemical mechan- 
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INTEROCEPTIVE STIMULI 143 

necessarily the same. For example, whereas the drugs which alter 
brain neurotransmitters are known to modify the analgesic actions 
of narcotics, no such alteration is produced in the IDS produced 
by narcotics, (Gianutsos and Lal, 1976; Miksic et al., 1978, Lal, 
et al., 1977). Similarly, biochemical mechanisms of IDS produced 
by metrazol seem to be different than those underlying its convul- 

sant properties (Shearman and Lal, 1978). These are some of the 
concrete instances in which subjectively perceived actions of 
drugs are mechanistically separated from other actions of the same 
drug. 
Animal Models: 

cannot be used for drug screening. 
laboratory animals to evaluate the new chemicals thought to be 

effective against any one of the vast number of diseases affecting 

namking. A limiting factor is that animal models of certain human 
diseases are difficult to find. IDS produced by drugs provide an 
approach which could be utilized to approximate relevant aspects 
of several human disease conditions in animals for the purpose of 
drug screening and research. This is particularly valuable in 

situations where other animal models are not available. For exam- 

ple, there is no good model of headache to screen antiheadache 
drugs. 

like drugs may offer a new approach. Similarly, generalization 
with clonidine in genetically hypertensive animals may serve as a 
procedure of screening antihypertensive agents. 

Predictability of Abuse Potential: 
drug abuse is usually based upon the specific actions of the drug 
on the CNS. Not enough is known to define this CNS activity pre- 
cisely. 
described as a feeling of satisfaction or a "h&gh'* (for a discus- 
sion, see Lal, 1976a). According to Eddy et al., (1970), "this 
mental state is the most powerful of all the factors involved in 
chronic intoxication with psychotropic drugs, and with certain 
types of drugs it may be the only factor involved even in most 

Due to considerations of safety, human subjects 

Therefore we must depend upon 

Generalization with IDS produced by aspirin or serotonin- 

Acquisition and continuation of 

It is said to be some sort of euphoric effect which is 
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144 LAI. 

intense craving and perpetuation of compulsive abuse". The most 

basic requirement for  a drug to  be considered as euphorogenic or 

dysphorogenic is tha t  the drug must cause CNS act ion which can be 

clear ly  perceived subjectively.  

i f  the CWS e f f e c t s  of a drug cannot reach the chreshold of percep- 

t ion,  then they w i l l  not be regarded a s  euphorogenic or  dysphoro- 

genic. I f  the CNS ef fec t  of a drug is readi ly  perceived ( i . e .  

discriminated), and i f  tha t  e f f e c t  generalizes t o  the  euphoric 

e f f e c t  of a training drug which is abused, i n  a l l  l ikelihood, 

the new drug w i l l  possess high abuse potent ia l .  

i f  the  perceived (or discriminated) IDS generalize t o  those pro- 

duced by dpsphoric t ra ining drugs, the  test drug would not be 

expected t o  be abused. 

celved, a8 shown by a f a i l u r e  t o  form IDS, t h i s  drug is not l i k e l y  

t o  be abused. According t o  Water  e t  al., (19611, "if one were t o  

select, on the bas is  of s ingle  doses, the  most important s ing le  

subjective response ident i fying a drug as being subject tomrphtne-  

like abuse property t h i e  measure would be whether the former 

opiate  addict8 ident i fy  t h i s  drug as an opiate". Therefore, gen- 

e ra l ioa t ian  t o  s a l i n e  IDS may predict  non-abueability and general- 

i za t ion  to  IDS of a drug having proven abuae poten t ia l  would pre- 

d i c t  an abuse poten t ia l  of the  drug class. 
M 8 w e  Xrxials: 
stiull fa not  l l l t e d  t o  drug8 d o n e .  

that other changes due t o  disease state8 can a l s o  be perceived and 

demonstrated by uaing the t o o l  of drug discrimination. Thus, t h i s  

18 a nev approach t o  bioassay a disease state which can be best  

deacrlbed through i l l u e t r a t i o n e  at present. 

the fu ture  these application wi l l  be experimentally tes ted  t o  

eotablirrh t h e i r  potent ia ls .  

It is reasonable t o  assume tha t  

On the  otherhand, 

Also i f  the  drug act ion cannot be per- 

The learning of in te rna l ly  produced discriminable 

It is qui te  conceivable 

I f  is hoped tha t  i n  

A drug aay be selected t o  produce hyperthermia which can be 

discriminated by a laboratory animal. I f  it is established t h a t  
the  drug discrimination w a s  based upon the hyperthenaia produced 

by t h i s  drug, t h i s  would provide a paradigm i n  which a disease D
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INTEROCEPTIVE STIMULI 145 

state (fever) could be behaviorally discriminated. Whenever there 
is a disease condition which either produces hyperthermia or re- 
lives an already elevated body temperature, it could be behavior- 
ally detected by the trained animals. 
generalized to the training drug and fever elimination would be 
discriminated from it. This is one illustration of how a disease 
state can be bioassayed with drug discrimination technology. 
Recently, we tested discrimination of IDS produced by phenyl- 
benzyoquinone, an agent known to produce visceral pain in theper- 
itoneal region (unpublished data). In this model of visceral pain 
analgesic drugs may be tested. 
induced by metrazol as measured by specific IDS (Shearman and Lal, 
1978) is certainly another advance with great potentials for mea- 
suring anxiety states in the animal. Such procedures can bereadi- 
ly applied in the development of new drugs (Fielding and Lal, 1978). 

If we find ways to produce different diseases in experimental 
animals but no way of characterizing those diseases without'sacri- 
ficing the animals, the drug discrimination procedure may be found 
handy. For example, there is no experimental method to directly 
detect headache in experimental animals. Also, in normal animals 
aspirin-saline discrimination is difficult. We know that aspirin 
is an effective drug against headache. 
to discriminate aspirin in the presence of and not in the absence 
of a potential headache, an experimental procedure capable of 
detecting headache in the animal has been devised. 
ination of aspirin will be employed to bioassay headache. Similar 
procedures can be developed to bioassay several other disease con- 
ditions. ks long as there is a drug known to provide relief from 
a symptom which is specific of that disease, the presence or ab- 
sence of this disease can be determined by the use of drugdiscrim- 
ination. 
bioassay anorexia, constipation, pain, inflammation, hypertension, 
depression, anxiety and even paranoid schizophrenia. We certainly 
do not mean that the diseases will be real, but we are talking 

Fever production would be 

Demonstration of anxiety-states 

If one can train animals 

Here discrim- 

It is very likely that this approach can be applied to 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



146 LAC 

about animal models fo r  purpose of drug develmmnt. 

ideashaye already been t r i ed .  

malsdonotreadilydiscriminateaction of aspir in .  However, they 

readilylearnedtodiscriminate a s p i r i n i n  thepresenceof chronicpain. 

S imi l a r ly i twas  found thatspecificneurolepticssuchas haloperidol 

areverydifficulttodiscriminatebecausetheydonotproduce subjec- 

t i v e  effects .  However, animals treatedwithamphetamine r ap id ly l ea rn  

todiscr iminate  smalldoses of haloperidol. Another exampleis t h a t  of 

naloxone. Thisnarcot icantagonis t  isusuallynotdiscriminable. k w -  

eve r the  animalsexperiencedwithmorphine can readi ly  discriminate 

fromsaline (La1,et  a l . ,  1978). Wearecurrentlyinvestigatingdis- 

criminationofantidepressantdrugsinreserpine t reatedanimalsandof  

c lonidinein geneticallyhypertensiverats, i n  order t o  e s t ab l i sh  
experimental models of depression and hypertension as they are 

applicable t o  drug screening. 

Reminder Drug: I f  a drug is found t o  be potent el iciter of IDS 

but lacking other pharmacological act ion,  it may be useful as a 
reminder drug (Weissman, 1976). For example, such a drug may be 

dispensed with a vitamin p i l l  o r  b i r t h  control  p i l l .  For a busy 

individual the need t o  remember these p i l l s  w e r e  taken on a pa r t i -  

cular day w i l l  be minimized. One would know the  a n s w e r  because of 

the presenc or  absence of the subject ive f ee l ing  produced by the 

reminder drug. 

study of subjectively perceived mood a l t e r a t i o n s  i n  the  absence of 

other pharmacological actions.  

Drugs as Warning Stimuli.: 

t r a in ing  of t he  pa t i en t s  t o  become aware of the subject ively per- 

ceived physiological s igna l s  of ten produced p r io r  t o  the onset of 

ce r t a in  ave r t  symptom. For example, i f  i t  i s  t r u e  t h a t  convulsive 

drugs can produce I D S  a t  subconvulsive doses, those IDS may gener- 

a l i z e  t o  the physiological e f f e c t s  of a pre-convulsive state. 

so, sub-convulsive doses of selected drugs may be used t o  t r a i n  
pa t i en t s  t o  c l e a r l y  discriminate the s t imu l i  usually produced 

p r i o r  t o  an onset of an e p i l e p t i c  seizure.  

Some a€ these 

Weissman (1976) found t h a t  normal ani- 

Such a drug a l s o  provides a unique too l  fo r  the 

IDS induced by drugs may be employed i n  

I f  

Whenever those stimuli D
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INTEROCEPTIVE STIMULI 147 

become manifested, the patient may be treated with pharmacological 
or other interventions. 
Delayed Report of Drug Effect or Disease State: 
seen by a physician they are asked how they feel with regard to a 
particular time reference. An insomniac patient may be asked for 
a verbal report of sleep condition during the previous night. 
Here the patient must rely on his/her memory of the body condition 
during a particular time span. 
trained to report, through a discriminative behavioral paradigm, 
a physiological condition that existed several hours earlier. 
There is some evidence to suggest that it can be done. 
recently found that a rat can be given morphine sulfateand trained 
to discriminate naloxone given several hours later (La1 et al., 
1978). Once trained, this subject can discriminate naloxone from 
saline readily. During generalization testing, conducted 24 hours 
after morphine administration, we found that this rat when given 
naloxone for generalization will select naloxone appropriate lever 
only if pretreated with morphine 24 hours earlier. 
treatment is not given naloxone will be generalized with saline. 
If similar paradigms can be established using other drug treat- 
ments, a way may be found to obtain an objective report of when a 
subject "remembers" of a past biological event that was interocep- 
tive. when imagination is stretched one can think of asking ques- 
tions about autonomic symptoms, stomach ache, convulsive states, 
etc., several hours or days after they were experienced. 

When patients are 

Can an experimental animal be 

We have 

If morphine 
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