
paper by the usual procedure (73 per- 
cent transmission) as by the improved 
method (72 percent transmission). 

The method, while devised initially 
for paper filters, is equally applicable 
to Millipore filters which thus can be 
used without the need of special holders. 
The 900 liters referred to above were 
subsequently filtered on the same fun- 
nel through Millipore filters cut to the 
appropriate size. 

JOSEPH SHAPIRO 
Department of Sanitary Engineering 
and Water Resources, Johns Hopkfns 
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Instnrmental Conditioning of 
Jngnlar Self-Inhion in 
the Rhesus Monkey 

Abstract. A technique is described for 
self-infusion of pharmacologic agents in 
solution through a permanently indwell- 
ing jugular catheter in the rhesus monkey. 
The results of an experiment utilizing this 
technique demonstrate that an instru- 
mental lever response can be conditioned, 
extinguished, reconditioned, and brought 
under stimulus control and reward-sched- 
ule control with saline self-infusion as the 
reinforcing stimulus. 

Relatively few psychopharmacologi- 
cal studies have focused upon a sys- 
tematic analysis of the reinforcing 
properties of chemical compounds with 
known behavioral effects ( I ) .  Tech- 
nologically, the many problems as- 
sociated with drug administration and 
the arrangement of appropriate contin- 
gent relationships involving behavioral 
indicators have made experimental in- 
vestigations in this area difficult to con- 
ceive and carry out. It is the purpose 
of this report to describe the develop- 
ment of a technique of potential value 
for investigating the reinforcing prop- 
erties of drugs in laboratory animals 
and to present the results of an experi- 
ment designed to demonstrate its 
methodological feasibility. Specifically, 
the present report is concerned with the 
development of a technique for self- 
infusion of pharmacologic agents in 
solution through a permanently in- 
dwelling jugular catheter in the rhesus 
monkey and describes several aspects 
of the conditioning of an instrumental 
lever-pressing response with saline self- 
infusion as the reinforcing stimulus. 

Two rhesus monkeys, restrained in 
chairs, served as subjects. Crackers were 
continually available to them. After 
surgical implantation of permanently 
indwelling catheters in the internal 
jugular Gin of each monkey, continu- 
ous recordings of operant levels of 
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responding on a lever switch (a modified 
telegraph key mounted on the chair 
within easy reach of the monkey's paw) 
were taken for both animals during an 
8-day period (4 days of water available 
alternated with 4 days of no water avail- 
able). After this operant level determina- 
tion under both satiated and water-de- 
prived conditions (Fig. lA), the water 
bottle was removed and each lever re- 
sponse was programmed to activate an 
infusion pump and produce an injection 
of saline through the indwelling catheter. 
Under this condition of continuous re- 
inforcement, each lever response during 
a Chour daily session delivered 1.95 
ml of saline at the rate of 1 ml/min. 
Lever responses which occurred during 
a saline infusion were recorded, but 
otherwise had no consequence. A house 
light was on during each test session 
and off at all other times. With both 
animals, introduction of the saline in- 
fusion reinforcement contingency pro- 
duced a significant increase in the lever- 
pressing response rate which remained 
consistently above operant levels (Fig. 
1B) and which exhibited the typical 
characteristics of behavior under con- 
tinuous reinforcement conditions. The 
subjects self-infused a daily average of 
65 ml of saline during this phase of the 
experiment. 

Extinction of the instrumental lever- 
pressing response was observed in both 
monkevs after discontinuation of the 
saline infusion (Fig. 1C). With only the 
tube from the pump to the catheter dis- 
connected and all other aspects of the 
circuit in operation, a typical lever- 
pressing extinction curve was generated 
by both monkeys with a concomitant re- 
turn to operant level response rates. 
After reconditioning of the self-infusion 
behavior by replacing the pump con- 
nection (Fig. ID), both monkeys were 

provided with an ad libitum supply of 
water through an easily accessible bot- 
tle and mouth spout. Under these con- 
ditions of free access to water by way 
of the normal oral ingestion route, a 
marked decline in the self-infusion re- 
sponse rate was again observed for 
both monkeys (Fig. 1E). This finding 
indicates that the reinforcing properties 
of normal saline infused in this manner 
are at least partially sensitive to varia- 
tions in "drive" level. 

In the final phase of this experiment 
an attempt was made to bring the in- 
strumental self-infusion behavior under 
exteroceptive stimulus control. Lever 
responses were reinforced with saline 
infusion only in the presence of a dim 
light stimulus presented on a panel in 
front of the monkey. Responses in the 
absence of the light were not rein- 
forced. Five-minute periods of dim light 
were alternated with 5-minute periods 
of no light during each 4-hour daily 
session. After several days of exposure 
to these conditions, the response rates 
and volume of self-infused saline re- 
corded during the dim light condition 
approximated levels obtained during the 
previous continuous reinforcement ses- 
sions. The response rates in the absence 
of the light approximated the operant 
level (Fig. IF). Preliminary observa- 
tions have also indicated that such self- 
infusion responding can be brought 
under reinforcement schedule control 
by requiring a fhed ratio of lever re- 
sponses to produce each saline injec- 
tion. Introduction of such a ratio re- 
quirement produced a marked increase 
in the response rate over both operant 
and continuous reinforcement levels 
(Fig. 1G). 

These findings indicate quite clearly 
that the self-infusion of a chemical 
compound in solution can serve as a 
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Fig. 1. Average response rate, in responses per hour, during the various phases of the 
experiment. 



reinforcing stimulus for the establish- 
ment and maintenance of an instru- 
mentally conditioned lever-pressing re- 
sponse. It is also clear that instrumental 
behavior maintained under these condi- 
tions is sensitive to changes in so-called 
"drive" states, and that it can be 
brought under the control of both dis- 
criminable exteroceptive stimulus con- 
ditions and reinforcement schedule con- 
tingencies. Future exploitation of this 
technique will permit an experimental 
analysis of the reinforcing properties 
of many pharmacologic agents under 
varying conditions of behavioral con- 
trol. 
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Suppressio~l of Male Characteristics 
of Rlosquitoes by Thermal Means 

ADst~,uct. Dimorphism in Aedes stirn~t- 
lurir, a northern floodwater mosquito, may 
be decreased possibly to obliteration by 
exposing larvae for most of their lives to 
abnormally high temperature. Determiners 
for maleness fail to express themselves 
when larvae are exposed to a temperature 
of 29°C throughout their lives. Not only 
are male characteristics eliminated, but 
normal female ones such as ovaries, sper- 
mathecae, and cerci develop. The resultant 
adult is struct~~rally a female. Forms 
showing characteristics of both sexes occur 
when the number of days of exposure to 
29°C is lessened. 

The sexes of mosquitoes differ in 
appearance in a number of easily rec- 
ognizable ways, as has been well sum- 
marized by Snodgrass ( I ) .  Anteriorly, 
the appendages of the head are dis- 
tinctive for each sex. The antennae 
and palpi of males are strikingly more 
hirsute than their counterparts in fe- 
males. On the other hand, mouth parts 
are reduced from the female coniple- 
ment of seven to two functional ap- 
pendages. Caudally, the male has an 
elaborate set of copulatory appendages, 
while the female has none. A pair of 
flaplike cerci marks the caudal portion 
of the female externally. Internally, 
the males have testes, vasa deferentia, 
seminal vesicles, and a bilobed acces- 
sory gland. The female has ovaries, 

Table 1. Effect of high-rearing temperature on sexual characteristics of genetically intended males 
of Aedes s t i~nulot~s  in the laboratory. M and F, normal male and female; a.m. and a.f., abnormal 
male and female; +, present; -, absent. 

- -  - 

Sex at serial-rearing temperatures of 24" and 29°C 
Imaginal - 

parts Days at 24°C: 8 5 4 3 2 1 0 
Days at 29°C: 0 3 4 5 6 7 8 

Gonads 
Tubes to gonads 
Sperms 
Spermathecae 
Accessory gland 

Parameres 
Phallosome 
Genitalia position 
Cerci 

Antennae 
Palpi 
Mouth parts 

Internal ports 
M M 
M M + - + 

- 
M M 

Caltdal ports 
M M 
M M 
M a.m. - - 
Cephalic ports 

M M 
M M 
M M 

oviducts, spermathecae, and a small 
saclike accessory gland. Significant 
changes in these structures have been 
brought about by treating larvae to 
abnormally high temperature (2). 

Mosquitoes showing external char- 
acteristics of both sexes have been col- 
lected in different parts of the world. 
Such anomalies, called intersexes by 
Kitzmiller ( 3 ) ,  number less than 40. 
Most of them have come from north- 
ern latitudes, and in some instances 
two or more individuals have been 
collected from the same vicinity at ap- 
proximately the same time. The facts 
of location and repetitive occurrence 
suggest possible genetic or environ- 
mental causes for the anomalies. Un- 
fortunately, specimens have been col- 
lected so infrequently that little more 
can be inferred. 

Aedes stimzrlans, a snow-pool 1110s- 
quito common to Canada and northern 
latitudes of conterminous United States, 
has been induced to express marked 
intersexual tendencies under labora- 
tory conditions. The two sides of 
the responding genetic males are af- 
fected alike, and no unilateral responses 
have been elicited. When a uniformly 
mixed population of larvae (Table 1) 
is separated into two lots immediately 
after hatching and is exposed in one 
instance to a continuous temperature 
of 24°C and in another to one of 
29"C, marked differences between the 

and spermathecae, and they lack testes, 
vasa deferentia, seminal vesicles, and 
bilobed accessory glands. The ovaries 
have globular egg chambers indistin- 
guishable from those of young genetic 
females (see 4) .  

Abnormally high temperature exerts 
its modifying effect on larvae of poten- 
tial males according to the duration of 
exposure (Table 1) .  High tenlperature 
applied late (last 3 days) in larval life 
produces no structural defects but pre- 
vents rotation of genitalia to the copula- 
tory position. An extension of expo- 
sure to high temperature to include the 
last 6 days of larval life causes a series 
of changes that produces intersexes. 
Larvae exposed to 29°C for 7 days or 
nlore grow into apparent females, some 
of which have been inseminated by 
normal males. Insemination was deter- 
mined by examining the spermathecae 
under a con~pound microscope for the 
presence of sperms. 

Larvae that bear female determiners 
are unaffected by a temperature of 
29°C. They give rise to females that 
are normal in appearance, copulate 
readily by the artificial means described 
by McDaniel and Horsfall ( 5 ) ,  feed 
on blood, and develop eggs in a normal 
manner. 
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