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The experimental details of a technique for establishing conditioned 
responses on the basis of escape and avoidance behaviour of dogs in 
an electrically charged “jumping box” are described. The method is 
similar to the well-known Warner technique for rats. The influence 
of two new neuroleptic agents, haloperidol (R 1625) and haloperidide 
(R3201), on the behaviour of trained dogs is reported. One and 
five hours after injection the effects of both compounds are qualitatively 
and quantitatively indistinguishable. Haloperidol has a longer 
duration of action. These results are of particular interest in view 
of the fact that haloperidide is about ten times more active than 
haloperidol as an antagonist of apornorphine-induced emesis in dogs. 

THE literature contains many descriptions of techniques for establishing 
conditioned responses on the basis of an escape response of the animal 
as a whole from an electrically charged grill. The first apparatus of this 
sort-referred to as a “jumping box” in this paper-was described for 
rats in 1932 by Warner It consists of a box with two compartments 
separated by a partition. The floor of each compartment is a grill which 
can be charged electrically. The rat can escape the aversive stimulus 
(shock) by making the only appropriate “escape response”, that is to 
jump into the other compartment. The rat can also avoid the aversive 
stimulus by making a conditioned “avoidance response” when presented 
with a warning signal, for example the sound of a buzzer or bell, a short 
time before presentation of the shock. Many modifications of this 
“jumping box” technique are described for rats1-13. 

The purpose of this paper is to describe the experimental details of a 
“jumping box’’ technique for dogs which we have tried to standardise. 
To illustrate the technique, the effects of two drugs on the behaviour of 
trained dogs will be described. Both compounds are neuroleptics of the 
butyrophenone-series and were originally synthesised in this laboratory. 
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AVOIDANCE AND ESCAPE BEHAVIOUR OF DOGS 

Pharmacological and clinical properties of haloperidol have been 
described by many  author^'^-^^. The pharmacology of haloperidide will 
be described in detail in subsequent papers from this laboratory. One 
point of particular interest in connection with this study is the extremely 
high activity of haloperidol and of haloperidide as antagonists of apo- 
morphine-induced emesis in dogs. One to eight hours after subcutaneous 
injection we find haloperidide (ED50 = 0.0025 mg./kg. s.c.) about 10 
times more active than haloperidol (ED50 = 0.025 mg./kg. s.c.) in this 

METHOD 
t es t sPN.  

Subjects. Eight adult male mongrel dogs of unknown age were the 
subjects. They had initial weights in kg. (dog 1 : 12-5; 2: 13.2; 3: 10.8; 
4: 8 - 5 ;  5 :  10.9; 6: 8.2; 7:  9.7; 8: 11.2). 

Aqueous solutions of haloperidol and of 
haloperidide were prepared for subcutaneous injection of 0-5 ml./kg. 
weight. Each dog received at random, using an 8 x 8 latin square 
design, all eight of the following doses at weekly intervals : 

Administration of the drugs. 

haloperidol (R 1625) : 0.005 mg./kg. = x, 
0-02 mg./kg. = x2 
0.08 mg./kg. = xg 
0.31 mg./kg. = x4 

haloperidide (R 3201) : 0-005 mg./kg. = y1 
0.02 mg./kg. = yz 
0.08 mg./kg. = y3 
0.31 mg./kg. = y4 

Apparatus (jumping box). The cage, Figure 1, consists of a steel frame, 
2 m. long, 1 m. wide and 1 m. high, made of L-shaped steel. The bottom 
is made of s in .  thick wood. The top is covered with 2cm. square 
galvanised wire gauze, the walls are made of + in. thick asbestos cement 

2 a&.-cem.wall 
3 4sb.im.door 
4 wire gauze top 
5 grate 
6 tspewwol 

8 boas 
9 hinges 

7 rude 

FIG. 1.  
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sheets. Both ends of the cage can be opened and are used as doors. 
They are covered with asbestos cement and provided with hinges and 
bolts. The floor consists of a grate made of 8 111111. iron bars, electrically 
isolated in two groups dividing the cage in two compartments (A and B), 
alternatively being connected to the shock source. 

In the middle of the cage, separating the two compartments a perspex 
wall of 50cm. wide and Qin. thick, bars half of the transit from one 
compartment into the other. The free half shows a smaller wall or 
hurdle of about 20cm. high of the same material, which the animal 
must jump over to reach the other compartment. 

By means of a variac (1 k. VA.) a voltage of 130-50 V., a.c. at 50 C.P.S. 
is given to the floor grid of one compartment. This voltage may be 

S, main w i t c h  
S, signal switch 
s, comparlment choice with 
T, bell transformer 
T, variac 
B bell 
F fuse 
ei pilot lamp 

FIG. 2. 

switched off by the two-way signal switch to connect the signal bell (5 V., 
with step-down transformer). During the signal period a second two- 
way switch makes it possible to electrify the second compartment. By 
switching back the signal switch to shock-position, the shock-voltage will 
be connected to the first compartment (Fig. 2). 

Description of one cycle. Avoidance conditioning in dogs was pro- 
gressively achieved by subjecting the animals twice a day, except Saturday 
and Sunday, at 5-hour intervals to a series of 10 cycles of conditions. 
Each cycle, Figure 3, has a duration of 1 minute (T3) and consists of 
periods T, (1 to 15 seconds) and T, (59 to 45 seconds). 

The dog is placed on the unelectrified grid floor of compartment A of 
the box. 

(a) Warning stimulus : a bell (S,) is rung for a maximum of 15 seconds 
(TI) or until the animal jumps from compartment A into B. If jumping 
occurs during the 15 second period (T,) it stops the bell and is defined as 
an “avoidance response” (Rl). During the TI period both compartments 
of the box are current-free. 

(b) Aversive stimulus: if the animal does not leave its compartment 
during the signal period S,, a continuous electric shock (S,) is delivered 
during a period T, with a maximal duration of 45 seconds. The T, period 
can be terminated by an “escape response”. 

746 



AVOIDANCE AND ESCAPE BEHAVIOUR OF DOGS 

(c) “Silence stimulus” (S,), that is, absence of S, or S,. A new 
response occuring during the same cycle under S, is stimulated by shock, 
necessitating another escape response, and defined as a “paradoxal 
response” (R3). R, may obviously occur after R, during the same cycle. 

A series of 10 cycles of 10 minutes’ total duration is defined as a session. 
Training period. During the training period the eight dogs were sub- 

jected daily to a morning and afternoon session, with 5 hours in between, 
except on Saturdays and Sundays. Except for the first day of the training 
period, the observer did not actively interfere with the behaviour of the 
dogs. Training was continued until 20 out of 20 avoidance responses 
(R,) were observed on a given day. Such an animal was considered to be 
“adequately” trained. 

Design of the experiment. The eight “adequately” trained dogs were 
subjected to two daily sessions 5 days a week for 8 weeks. 

Hours before (-) or 
Sessions after (+) injection 

a.m. p.m. a.m. p.m. 
Monday .. .. .. -4 -3 -48 -43 

Wednesday . .  . .  1 2 + 1  +5 
Thursday . .  .. 3 4 + 25 + 30 
Friday . . . .  . .  5 6 +49 + 54 

On Wednesday morning each animal was given a subcutaneous dose 
of haloperidol (x, to xp) or of haloperidide (y, to y4) as described above. 
At the end of the 8 weeks each dog had received all doses of both com- 
pounds in a random order. 

Tuesday . . . . . .  -2 - 1  - 24 - 19 

S, = warning stimulus (bell). 
T1 = duration of S1 (1 to 15 seconds). 
S, = aversive stimulus (shocks). 
T2 = duration of S2 (1 to 45 seconds). 
S, = “silence” stimulus with a duration of 0 to 59 seconds. 
T, = 60 seconds, i.e., the period with which these conditions recycle. 
R = “response”, i.e., jumping from one compartment to the other. 
R, = R occurring under S, (avoidance response). 
R2 = R occurring under Sz (escape response). 
R, = R occurring under S, (paradoxal response). 

FIG. 3. Symbolisation of one cycle (ref. 56). 

RESULTS AND DISCUSSION 
1. Training Period 

the training period are summarised in Tables I, I1 and 111. 

maximum of 1 1  days was required for adequate training. 

The relevant data concerning the behaviour of the eight dogs during 

All dogs were trained for 8 or more days. A minimum of 5 and a 
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Table I shows the significance of the criteria TI, T,, fR, and fR, to 
decrease as a function of time. T, reaches a lower limit of roughly 3 
seconds after about 2 weeks of training, whereas T,, fR, and fR,, 
approaches zero. 

It is obviously easier for a dog to learn how to avoid aversive stimulation 
in situation S ,  (bell) than in situation S ,  (silence). Escape or avoidance 
responses were observed in all trials throughout the training period. 

TABLE I 
TRAINING PERIOD (8 DAYS): DAILY VALUES FOR THE 8 DOGS (20 CYCLES PER DAY) 

d 
__ 
TI 
8.6 
6 5  
5.8 
5 2  
A.6 . _  
4 3  
3 8  
3.4 

I 

T, j fR* 

1.5 I 5.8 
0.4 I 3.1 
0.44 1 2.4 
0.15 1.1 
0.06 ’ 0.38 
0.09 0.50 

0.25 % I 0.25 

-. 
fRat f R  

4.0 I60 
5.8 160 
3.9 160 
A 4  16% 

- 

. _  .-- 
0.88 160 
1.4 1 6 0  
0.63 1 160 
0.63 160 

’ TI : mean duration of TI per cycle (max. 15 seconds). 
TS : mean duration of TI per cycle (ma. 45 seconds). 
fR,: mean frequency of R, per 20 cycles (max. 20). 
fR, : mean frequency of R, per 20 cycles (max. 20). 

t Frequency computed on the basis of a simple alternative criterion: response or no response in a given 
cycle. It should be noted, however, that several responses R, per cycle were sometimes observed. 

Table I1 summarises relevant data on the individual characteristics of 
the behaviour of each dog during the 8 days. 

On the basis of these data the following alternative criteria are proposed 
for the purpose of classifying the eight dogs in four categories A, B, C 
and D :  

(1) “slow dog”: T, > 5  seconds. 
(2) “quick dog” : TI t 5  seconds. 
(3) fR,/fR, t l .  
(4) f R,/fR, > 1. 

- 

Hence 

I , 
I 

For the six dogs of categories B and D we found a highly significant 
positive correlation between T’, and T, (7, = 0.19, 0.19 and 0.45 for 
category B and T, = 0.01, 0.06 and 0.06 for category D). Dogs No. 5 
and 7, however, making relatively less paradoxal responses (Rs), are 
characterised by high values of Tz (0.81 and 0.82). 

748 



AVOIDANCE AND ESCAPE BEHAVIOUR OF DOGS 

Table I11 shows that there is no striking correlation between the fre- 
quency of R, and of the nth cycle, the probability of occurrence varying 
from 6 to 17/128 per cycle. Paradoxal responses, however, occur most 
frequently (P t0.05) during the first cycles of a given session. No signifi- 
cant correlation was found between body weight and any of these training 
period data. 

Pre-injection period. Throughout the eight experimental weeks all 
eight dogs were subjected to two daily sessions of 10 cycles each on both 

TABLE I1 
TRAINING PERIOD (8 DAYS): MEAN VALUES FOR EACH DOG (160 CYCLES PER DOG) 

Dog No. 

T,* . . 
T, 
fR ,  . .  
fR, . .  

- 

fR, t fR, 

fR,/fR2 .. 

-1-1- -I- 14 

~~ ~ 

f z,: mean duration of TI per cycle (max. 15 seconds). 
Tt: mean duration of  T, per cycle (max. 45 seconds). 
fR,: total frequency of R, (max. 160). 
fR,: total frequency of Ro (max. 160). 

TABLE 111 
TRAINING PERIOD (8 DAYS) TOTAL FREQUENCY OF Rz (fR,) AND OF R, (fR,) FOR THE 

8 DOGS (MAXIMUM FREQUENCY: 8 DOGS x 8 DAYS x 2 SESSIONS = 128) 

n’ 

8 
9 

10 

13 

11 

110/1280 

I 
-1- fR. 

26 
23 

12 

15 

171/1280 

1 Ranking of 

fR, fR, 

9 1 
2 
3 

I 10 8 
9 1 ? 6 
7 
10 

* ,I = the n th cycle of a session. 

pre-injection days, i.e., on Monday and on Tuesday. Only two “errors” 
(of type R3) occurred in these 2,560 (8 dogs x 8 weeks x 2 days x 
20 cycles) cycles, showing that all subjects were “adequately” trained. 

Table IV summarises the most important data pertaining to the be- 
haviour of the dogs during the pre-injection period. Obviously TI is 
not correlated with a particular week, showing the absence of significant 
after-effects of previous doses. Neither are the Tl-values correlated with 
the sessions, the reaction time remaining about the same throughout. 
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There are no significant differences between morning and afternoon 
experiments as far as T, is concerned. 

Surprisingly, we found no correlation of the average reaction time per 
dog for the training period and for the pre-injection days as shown by the 
following rankings of TI : 

- - 
Week T, Dog TI 

1.8 7) 
4.1 1) 
3.7 (2) 
1.6 (8) 

r 1 2.7 1 
2 3.1 2 
3 2.7 3 
4 2.9 4 
5 2.8 5 
6 3.1 6 
7 3.0 7 
8 2.9 8 ::i gj 

average 2 9  average 2.9 

Dog 
1 
2 
3 
4 
5 
6 
7 
8 

- 
TI 

Cycle a.m. p.m. 

1 2 8  2.8 
2 3.3 3.1 
3 3.2 3.3 
4 3.2 3.4 
5 3.3 3.4 
6 3.3 3.4 
7 3.3 3.3 
8 3 1  3.3 
9 3.3 3.2 

10 3.2 3.1 
average 2 9  2.9 

Training period 
6.5 (2) 
6.2 (3) 

4.1 (6) 

3.4 (8) 

5.7 (4) 

4.5 (5) 

7.4 (1) 
3.9 (7) 

Pre-injection days 
1-9 (6) 
3.6 (3) 
1-8 (7) 
4.1 (1) 

1.6 (8) 
3.2 (4) 
3.0 (5) 

3.7 (2) 

after injection. A total of 1920 post-injection cycles (8 dogs x 4 doses x 
6 sessions x 10 cycles) are therefore available for each drug. The fre- 
quency of the various types of responses was computed as follows : 

f R  f R, fR, fR, Maximum 
Haloperidol . . 1726 1557 69 14 1920 
Haloperidide . . 1786 1719 67 9 1920 

Total . . .. 3512 3276 136 23 3840 

The animals failed to respond 194 times after haloperidol and 134 times 
after haloperidide. Avoidance responses were observed more frequently 
after haloperidide (fR, = 1719) than after haloperidol (1557). The 
frequency of escape responses (fR,) and paradoxal responses (fR,) after 
haloperidol was also slightly greater. On the basis of these figures, 
haloperidol seems to be somewhat more active than haloperidide. 

This difference in activity, however, is mainly due to the longer duration 
of action of haloperidol (Table V). One and 5 hours after injection both 
substances are about equi-active. The second day, however, haloperidol 
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is still strikingly active and haloperidide much less so. The two lower 
dose levels of both compounds (0.005 and 0.02 mg./kg.) have no influence 
on escape behaviour. They do produce, however, a slight but significant 

TABLE V 
EFFECTS OF HALOPERIDOL AND OF HALOPERIDIDE AT VARIOUS INTERVALS AFTER 

INJECTION (SEC.) 

3rd day 1 1st day 2nd day 

Dose' 1 a.m. p.m. a.m. p.m. vlaximum 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

a.m. p.m. 

3.0 2.9 
3.2 2.9 
2.3 3.2 
4.4 4.3 

3.4 
2.6 2.5 
3.1 2.8 
3.1 2.9 
3.6 3.4 

3.0 

XI 3.2 3.4 

Xt  11.6 12.0 
13.1 14.4 

?x I 8.1 
Y, I 3.4 3.7 
Y* 3.6 4.7 

14.1 2 Y  I 8.1 

Xt  I 3.7 3.3 

Y, i 13.2 

3.0 2.8 
3.2 3.2 
3.1 3.6 
8.8 10.3 

4.8 
2.7 2.1 
3.5 3.2 
3.4 3.2 
5.6 4.4 

3.6 
- - 
- - 
- - 

i -  - 
0.04 - 1 17.2 15-6 

l 27.9 32.1 
11.6 

0.16 
0.14 

- 
- 

12.0 16.4 
25.3 27.8 

10.2 

45 
45 
45 
45 
45 
45 
45 
45 
45 
45 

10.3 11.8 
2.8 

~ 80 80 
80 80 

52 
29 

484 
80 

53 
35 

1 E 

506 

80 80 
80 80 
80 80 
62 60 

602 
80 80 

80 
80 
80 
80 
640 
80 
80 
80 
80 

640 

80 80 
80 

8o 80 80 
604 

Bx I 432 
CY I 439 

640 
640 

- x. I - 80 
80 
80 
80 

640 
80 
80 
80 
80 
640 

x; 1 1 - 
x8 I 13 12 

16 
52 

4 13 
17 

Y1 I - 1 

80 
80 
80 
80 
640 
80 
80 
80 
80 
640 

- i -  
5 

See text for details. 

increase of the reaction time of the avoidance response as well as a few 
paradoxal responses. After injection of 0.08 mg./kg. of both drugs 
these same effects were much more pronounced and significant inhibition 
of escape behaviour was observed with both drugs up to 5 hours after 
dosage. 
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The highest dose (0.31 mg./kg.) produced essentially similar effects. 
The duration of action of this dose is clearly more prolonged. The 
frequency of the paradoxal responses (f R3), however, was significantly 
lower (Table V). As shown in Table VI we find considerable variation 
among dogs during the post-injection period. On the basis of different 
individual total frequencies of avoidance (f R,) and escape-loss (480-fR) 
the eight dogs may be classified in four categories (A to D). 

fR2 480-f R Dogs 
A normal high No. 7 
B normal normal No. 2, 5, 6, 8 
C normal low No. 1, 3 
D high low No. 4 

There is no significant relation between the behaviour of the animals 
during the training period and their sensitivity to haloperidol and halo- 
peridide. We found furthermore no correlation between the frequency 

TABLE VI 
INDIVIDUAL FREQUENCIES OF THE VARIOUS TYPES OF RESPONSE (R, R,, R, AND R,) 
AFTER INJECTION (COMBINED DATA PER DOG FOR ALL EIGHT DOSES AND ALL SIX 

SESSIONS AFTER INJECTION) 

463 (7) 
438 ( 5 )  
479 (8) 
457 (6)  
428 (3) 
429 (4) 
389 (1) 
424 (2) 

Max.' I 480 I 480 1 480 I 480 

I 23 
Total 1 3507 1 3370 I 137 

1 dog x 8 doses x 6 sessions x 10 cycles = 480, 

of paradoxal responses (fR,) observed during the training- and the post- 
injection periods (Tables I1 and Vl) or between the individual sensitivity 
of the animals to the drugs and their average reaction times (TI) during 
the pre-injection days (Table IV). 

1 .  
2. 
3. 
4. 
5. 
6 .  
7. 
8. 
9. 

SO. 
1 1 .  
12. 
13. 
14. 

REFERENCES 
Warner, J.  gen. psychol., 1932, 41, 57. 
Warner, ibid., 1932, 41, 91. 
Battig and Grandjean, Helv. physiol. Acta, 1956, 14, C53. 
Battig, ibid., 1957, 15, 251. 
Battig and Grandjean, Arch. exp. Path. Pharmak., 1957, 231, 119. 
Gellhorn, Kessler and Minatoya, Proc. SOC. exp. Biol. N .  Y., 1942, 50, 260. 
Horisberger and Grandjean, Helv. physiol. Acta, 1958, 16, 146. 
Jacobsen and Sonne, Actapharm. tox. Kbh., 1955, 11, 135. 
Kessler and Gellhorn, Amer. J .  Psychiat., 1943, 99, 687. 
Kopmann and Hughes, Experientia, 1958, 14, 301. 
Marchal and Schlag, Arch. int. Pharmacodyn., 1958, 114, 484. 
Murphy and Miller, J .  Comp. Physiol. Psychol., 1955, 48, 47. 
Theobald, Med. Exper., 1959, 1, 102. 
Alleva, Freniatria, 1960, 84, 1 .  

752 



AVOIDANCE AND ESCAPE BEHAVIOUR OF DOGS 

15. 
16. 
17. 
18. 
19. 
20. 

21. 

22. 
23. 
24. 
25. 
26. 
27. 

28. 
29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 
37. 
38. 

39. 

40. 
41. 
42. 
43. 

44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 

Boissier and Pagny, Thirapie, 1960, 15, 479. 
Boissier, Pagny, Mouille and Forest, Acta Neurol. Psychiatr. Belg., 1960, 60, 39. 
Chantraine, Meurice and Pairoux, Ibid., 1960, 60, 54. 
De Haene, ibid., 1960, 60, 58. 
Delay, Pichot, LempQitre and Elissalde, Pres. Mid.,  1960, 68, 1353. 
Delay, Pichot, Lemp6rikre and Elissalde, Acta Neurol. Psychiatr. Belg., 1960, 

60, 21. 

118, 145. 
Delay, Pichot, LempCriBre, Elissalde and Peigne, Ann. Me'd. Psychol., 1960, 

De Llano, Carbonell Cadenas y Aldama, Herrero : Medicamenta, 1960, 33, 264. 
Divry, Bobon and Collard, Acta Neurol. Psychiatr. Belg., 1958, 58, 878. 
Divry, Bobon and Collard, ibid., 1960, 60, 7. 
Divry, Bobon, Collard, Pinchard and Nols, ibid., 1959, 59, 337. 
von Eiff and Jesdinsky, ibid., 1960, 40, 63. 
Flegel, Communication faite au CongrBs de Psychiatrie et de Neurologie de 

Langue FranCaise, 58th Session, Lille (France). 
Flegel, Rasper and Lauber, Der Nervenarzt, 1960, 31, 133. 
Gatti and Bertini, Gazz. Med. ltal., 1960, 119. 
Gerle, Acta Neurol. Psychiatr. Belg., 1960, 60, 70. 
Humbeeck, ibid., 1960, 60, 7 5 .  
Jacobs, Psychiatrie en Verpleging, No. 211, p. 20 (1959); No. 1, p. 8 (1959); 

No. 2, p. 16 (1960). 
Janssen, Jageneau and Niemegeers, J. Pharmacol., 1960, 129, 471. 
Janssen, Jageneau and Schellekens, Psychopharrnacologia, 1960, 1, 389. 
Janssen and Niemeeeers. Arzneimit.-Forsch.. 1959. 9. 765. 
Janssen, Niemegee; and Jageneau, ibid., in'the press. 
Janssen, Niemegeers and Schellekens, ibid., in the press. 
Janssen, van de Westeringh, Jageneau, Demoen, Hermans, Van Daele, 

Schellekens, Van der Eycken and Niemegeers, J.  med. pharm. Chem., 1959, 
1, 281. 

Kristjansen, CongrBs de Psychiatrie et de .Neurologic de Langue FranCaise, 
LVIItme Session, Tours (France) 8-13 juin 1959. 

Kristjansen, Acta Neurol. Psychiatr. Belg., 1960, 60, 82. 
Lespagnol, Bull. Acad. Roy. Med. Belg., 1959, 24, 401. 
Loret, Acta Neurol. Psychiatr. Belg., 1960, 60, 86. 
Maccagnani and Albonetti, Rivista di Neuropsichiatria e Scienze Affini, 1960, 

Martin and y Sanchez, Medicamenta, 1960, 33, 271. 
Meurice, Acta Neurol. Psychiatr. Belg., 1960, 60, 86. 
Meurice, ibid., 1960, 60, 96. 
Niemegeers, Thesis, Paris 1960. 
Oles, Acta Neurol. Psychiatr. Belg., 1960, 60, 100. 
Paquay, Arnould and Burton, ibid., 1959, 59, 882. 
Paquay, Arnould and Burton, Ann. Med.-Psychol., 1959, 117, 344. 
Paquay, Arnould and Burton, Acta Neurol. Psychiatr. Belg., 1960, 60, 108 
Pigem, Sanfelix and Ruiz, Medicamenta, 1960, 33, 284. 
Scarlato and Rovetta, Acta Neurol. Psychiatr. Belg., 1960, 60, 117. 
Seabra-Dinis and Moreira da Silva, ibid., 1960, 60, 123. 
Waelkens, ibid., 1960, 60, 128. 
Mechner, J .  Exp. Anal. Behav., 1960, 2, 133. 

6, 43. 

753 


