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and similar ly assayed for measurements  of adrenal  
epinephri~le levels 11. 

T ~ 1 9  : i  presents  the  locomotor  ac t iv i ty  in terms of 
number  of lines crossed by  the  tes t  and control  mice a t  
5 min intervals  dur ing the  0-40 min period, I t  is apparen t  
t h a t  dur ing the  first 5 min, TMA ini t ia l ly  caused a 
t r ans i to ry  s t imula t ion  of locomotor  ac t iv i ty  followed by  
decreased ac t iv i ty  which tended to be most  marked  dur ing 
the  16-20 min period. None of the  a l tera t ions  were 
s ta t is t ical ly  significant  by  S tudent ' s  t-test procedures 12, 
a l though p-values  were low wi th  both  doses dur ing the  
16-20 min period (Group A - 0.08; Group B - 0.06). 

Thereafter ,  reveal ing fur ther  relat ionships to dosage, 
inh ib i tory  effects on locomotor  ac t iv i ty  declined and a t  the 
31-35 and 36-40 min periods signif icant  increases were 
observed in the  locomotor  act ivi t ies  of the  100 mg/kg  
t rea ted  mice. Corol lary increases induced by  the  50 mg/kg  
dose at  those periods were not  s ta t is t ica l ly  significant. I t  
should be noted t h a t  eva lua t ion  of to ta l  locomotor  ac t iv i ty  
dur ing the  0-40 min period would no t  have  indicated the  
var ious changes in the  locomotor  ac t iv i ty  pa t te rns  of the  
TMA-t rea ted  mice since the  summed  effects in bo th  tes t  
groups revealed increases in locomotor  ac t iv i ty  which 
were no t  s ta t is t ical ly  signif icant  for the  to ta l  40 rain 
period. 

In  contrast ,  cont inued eva lua t ion  of the effects of the 
hal lucinogenic agent  TMA on locomotor  ac t iv i ty  of 
different  populat ions  of tes t  vs. control  mice af ter  40 min 
to 21/2 h intervals ,  demons t ra ted  consistent  and in general  
significant  increases in the  subsequent  locomotor  ac t iv i ty  
of both  tes t  groups wi th  the  ~00 mg/kg  dose causing 
s ignif icant ly greater  increases than  even the  50 mg/kg  
dose. Table  I I  presents  some representa t ive  samplings of 
locomotor  ac t iv i ty  pa t te rns  observed a t  5 min periods 
dur ing the  40 min  to 2~/~ h post- inject ion and observa-  
t ion periods. I t  should be noted t h a t  at  80 min and there-  
after,  the  locomotor  ac t iv i ty  of the  control  group had 
declined considerably due to the  generalized lesser ac t iv i ty  
in the  control  group. Thus, 11 of the  control  mice during 
the  80-85 rain period were re la t ive ly  inact ive,  assuming 
quie t  and rest ing postures as compared  to 7 in Group A 
(50 mg/kg) and 1 in Group B (100 mg/kg).  These findings 
would indicate  t h a t  TMA signif icant ly  s t imula ted  loco- 

motor  ac t iv i ty  during the  40-150 min observat ion  period 
and appeared to a t t a in  peak  levels at  the  80-85 rain 
in te rva l  suggest ing an amphetamine- l ike  effect  on loco- 
motor  act ivi ty .  

Table  I I I  presents  p lasma cort icosterone and glucose as 
well as adrenal  epinephrine levels of the  tes t  and control  
groups sacrificed af ter  40 min and 21/2 h. I t  is ev iden t  t ha t  
a t  40 min bo th  doses caused significant  increases in 
p lasma cort icosterone and glucose values. Al though 
decreases were observed in adrenal  ca techolamine  t i ters  
of bo th  tes t  groups, a significant  reduct ion  in adrenal  
epinephrine was only caused by  the  higher  dose. 

Af te r  21/2 h, pers is tent  increases were still  ev iden t  in 
p lasma cort icosterone and glucose tes t  group levels bu t  
only the  100 mg/kg  dose showed a s ta t is t ical ly  significant  
increase. In  contrast ,  none of the  decreases in adrenal  
epinephrine induced by  bo th  doses at 21/2 h were s tat is t i -  
cal ly significant.  Ind ica t ive  of the  greater  ac t iv i ty  of the  
higher  dose, the percent  changes caused by  the  100 mg/kg  
dose in glucose, cor t icosterone and epinephrine were 
approx ima te ly  2 t imes  greater  t han  the  percent  changes 
evoked by  50 mg/kg,  a l though the  differences be tween  
Groups A and B were not  significant.  

I t  is apparen t  t h a t  acute  adminis t ra t ion  of 3,4, 5-tri- 
m e t h o x y a m p h e t a m i n e  in the male mice produced s t imu-  
l a to ry  effects on adrenocort ical  and adrenomedul la ry  
act ivi t ies  causing respect ive release of cort icosterone and 
epinephrine.  The  adrenocort ical  effects resemble actions 
of non-specific stress agents  s imilar ly noted  in our prior  
LSD-251, 2 and mescaline a, ~ invest igat ions.  The  significant  
increase in p lasma glucose is likewise in accord wi th  non- 
specific stress reactions and reports  t h a t  adrenal  catechol-  
amine release s t imulates  hyperg lycemia lK In  conclusion, 
3, 4, 5-TMA evoked signif icant  a l tera t ions  in locomotor  
ac t iv i ty  and s t imula ted  adrenal  act ivi ty .  

11 •. F. C. VOCHTEN, J. HOSTE, A. L. DELAUNOIS and A. F. DE 
SCHAEPDRYVER, Analyt. chem. Acta 40, 443 (1968). 

12 G. W. SNEDECOR , Statistical Methods, 4th edn. (Iowa State Univ. 
Press, Ames, Iowa 1950). 
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Summary. In  rats, benzodiazepines seem to induce some amnesia  as reported in man. This effect is apparen t  dur ing 
the learning of bo th  noxious events  and ext inc t ion  only if the  rats  are under  the  drug influence during the condi- 
t ioning session. 

I t  has recent ly  been repor ted  t h a t  d iazepam 1-8, a 
benzodiazepine der ivat ive ,  has an amnesic effect in man. 
Al though  such an ac t iv i ty  has never  been demons t ra ted  
in animal  studies, i t  could contr ibute  to the  effect of 
benzodiazepines in some exper imenta l  procedures.  In  
animals  given chlordiazepoxide prior  to learning a con- 
di t ioned emot ional  response (CER), no behavioura l  in- 
hibi t ion was seen when a fur ther  condi t ioned s t imulus 
appeared 4, 5. This  effect does not  seem to result  only  f rom 
a s ta te -dependent  learning ~,~, bu t  i t  could be explained 
by  the  a t t enua t ion  of the  condi t ioning propert ies of the  
shock, since chlordiazepoxide has been shown to modi fy  
pain  sensi t iv i ty  or the  emot ional  s ta te  elicited by  pain 6. 

In  a similar  protocol  of C E R  we have  examined  the  
effect of 3 benzodiazepines (lorazepam, d iazepam and 
chlordiazepoxide) and 1 neurolept ic  (chlorpromazine) on 
behavioura l  inhibi t ion by  adminis ter ing these agents  be- 
fore the  learning phase (protocol A). In  order to tes t  if 

1 j .  M. GREGG, D. E. RYAN and W. H. LEVIN, J. oral Surg. 32, 651 
(1974). 

2 p. A. FOR~MAS, Oral Surg., oral Med., oral Path. 37, 337 (1974). 
s L. S. MtJNnow and S. V. LONa, Irish J. reed. Set. 7d3, 101 (1974). 
4 S. S. TEN~N, Psyehopharmacologia 12, 1 (1967). 
a S. R. SCOmE and G. GARSKE, Psychopharmacologia 16, 272 (1970). 

V. P. HOUSER and W. P. PARE, Psyehopharmaeologia 32, 121 
(1973). 
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Number (~I ~ SEN/) of squares crossed by rats during the test session of the protocol A or B 

EXPERIENTIA 32/3 

Protocol Doses (nag. kg -1) Drugs 

Lorazepam Diazepam Chlordiazepoxide Chlorpromazine 

A. 0.6 5.2 -4- 2.4 (90) 
1.25 15.4 ~- 2.2 �9 (98) 
2.5 19.2 ~ 1.3 ~,b (90) 5.2 :]2 2.1 (100) 2.2 =E 1.6 (75) 
5 20.4• (85) 14.2=~2.0~ (95) 4.8=~1.6 (98) 2.4~=1.4 (66 o) 

10 15.4 • 0.8 �9 (82) 13.0 -[= 2.0 ~ (98) 4.8 =E 2.4 (35 o) 
20 20.2 4- 1.8 ~,b (80) 16.2 ~ 0.6~ (98) 
40 21.0 =~ 2.2 ~' b (68 a) 

5 
10 
20 

B. 5.2 ~_ 1.2" 
6.0 + 1.2 ~ 

3.6 ~ 1.8 c 

Control rats without shocks: 23.0 =~ 2.4; control rats with shocks: 5.0 -4- 2.0; control rats with shocks + extinction: 11.5 4- 1.9; ~p < 0.01 
between control and treated rats with shocks, bns between treated rats with shocks and control rats without shock, op < 0.01 between 
control and treated rats with shocks + extinction. The numbers in brackets indicate the shock reactivity of treated rats as a percent of 
controls, ap < 0.05. ep < 0.01. 

a t t e n u a t i o n  of t h e  shock  is respons ib le  for  such  an  effect, 
we h a v e  e v a l u a t e d  d u r i n g  t h e  l ea rn ing  p h a s e  t h e  r eac t iv -  
i t y  of an ima l s  rece iv ing  benzodiazep ines .  Since r a t s  ex- 
posed  a f t e r  t h e  l ea rn ing  p h a s e  to  a single e x t i n c t i o n  ses- 
s ion e x h i b i t  a r educed  b e h a v i o u r a l  inh ib i t ion ,  we h a v e  
also s tud ied  t he  effects  of benzod iazep ines  g iven  pr io r  
to  th i s  e x t i n c t i o n  session (protocol  B). 

Mater ia l  and methods. Male W i s t a r  A.F.  r a t s  (200 4- 
20 g) m a i n t a i n e d  8 pe r  cage on  s t a n d a r d  food a n d  w a t e r  
ad  l i b i t u m  a n d  a 12 h d a y  cycle were  used. The  tes t -  
a p p a r a t u s  cons i s ted  of a t r a n s l u c e n t  enclosure  (36 • 36 • 
30 cm) w i t h  a n  electr i f ied floor d iv ided  in to  4 equa l  
squares  b y  b l a c k  lines. Drugs  were a d m i n i s t e r e d  (1 m l /  
100 g i.p.) in  dis t i l led w a t e r :  so lu t ion  or suspens ion  w i t h  
acac ia  g u m  (d iazepam a n d  lorazepam) .  

Protocol A .  E a c h  r a t  was  p laced  in t he  t e s t  a p p a r a t u s  
30 ra in  a f t e r  in j ec t ion  (drug or d is t i l led  water) .  Af te r  
20 sec of free exp lora t ion ,  u n a v o i d a b l e  shock  (2 m A  - 1 sec) 
was  de l ive red  w i t h  no  pr io r  s ignal  eve ry  10 sec for 1 m in  
(shocks phase) .  U n s h o c k e d  con t ro l  r a t s  were g iven  a 
1 ra in  p l a c e m e n t  in  t h e  enclosure  w i t h o u t  a n y  shock.  
T h e n  t h e  an ima l s  were  p laced  b a c k  in t h e i r  h o m e  cage. 
4 days  af ter ,  each  r a t  was  t e s t e d  for 3 m i n  in t h e  t e s t  
a p p a r a t u s  w i t h o u t  a n y  shock  ( tes t  session). 

Protocol B .  30 m i n  a f t e r  t h e  ' shocks  phase ' ,  r a t s  were  
in jec ted  (drug or  d is t i l led  water)  a n d  10 m i n  l a t e r  were 
aga in  p laced  in t h e  t e s t  a p p a r a t u s  for 1 h w i t h o u t  shock  
(ex t inc t ion  session). 4 days  later ,  each  r a t  was  t e s t e d  for  
3 m i n  in t h e  t e s t  a p p a r a t u s  ( test  session). 

The  t o t a l  n u m b e r  of squares  crossed b y  each  r a t  d u r i n g  
t h e  t e s t  session of t h e  p ro toco l  A or B was recorded  and  
cons idered  as a n  i ndex  of t h e  degree of b e h a v i o u r a l  in- 
h ib i t ion .  D u r i n g  t h e  ' shocks  phase '  of t he  pro tocol  A, 
t h e  n u m b e r  of j u m p i n g  reac t ions  a n d  t h e  n u m b e r  of 
squares  crossed d u r i n g  t h e  5 sec fol lowing t h e  b e g i n n i n g  
of each  shock  were recorded  as a m eas u r e  of r e a c t i v i t y  
to  shocks.  

The  s t a t i s t i ca l  compar i sons  b e t w e e n  t r e a t e d  a n d  un-  
t r e a t e d  g roups  (8 to  10 r a t s  pe r  group) were done  us ing  
t h e  S t u d e n t ' s  t - tes t  or D a r m o i s ' s  t- test .  

Results .  A 78% r e d u c t i o n  was obse rved  in t h e  ex- 
p l o r a t o r y  b e h a v i o u r  of con t ro l  r a t s  rece iv ing  shocks  as 
c o m p a r e d  to  con t ro l  r a t s  rece iv ing  no  shock.  This  effect  
could be  due  to  t h e  cond i t i oned  p roper t i e s  acqu i red  b y  
t h e  whole  e x p e r i m e n t a l  a p p a r a t u s :  t h e  r e d u c t i o n  in 
e x p l o r a t o r y  b e h a v i o u r  is l im i t ed  (30%) if t he  con t ro l  r a t s  
rece iv ing  shocks  were  t e s t e d  in a n o t h e r  enclosure ;  t h e  
e x t i n c t i o n  session, as in  p ro toco l  B, also decreased  t he  
b e h a v i o u r a l  i n h i b i t i o n  of these  rats .  

A dose r e l a t ed  reversa l  of t he  b e h a v i o u r a l  i n h i b i t i o n  
was  obse rved  w i t h  l o r a z e p a m ,  d i a z e p a m  a n d  chlor-  
d iazepoxide  whi le  ch lo rp romaz ine  did  n o t  induce  such  
a n  effect  (Table).  A k ine t ic  s t u d y  w i t h  d i a z e p a m  (10 m g .  
kg -1) i nd i ca t ed  t h a t  t h i s  effect  could  even  be  seen w h e n  
d i a z e p a m  was a d m i n i s t e r e d  2 ra in  before  t e s t i n g  ( n u m b e r  
of squares  crossed:  controls-: 3.8 4- 1.6; d i a z e p a m :  12.2 4- 
1.6). D i a z e p a m  showed a m a x i m u m  effect  w h e n  a d m i n -  
i s tered  30 rain  (16.0 4- 2.0) or  60 m i n  (15.4 • 1.8) before  
shocks  a n d  no  effect  w h e n  a d m i n i s t e r e d  4 h before  
(5.4 4- 2.6). W h e n  g iven  2 min  a f t e r  shocks,  d i a z e p a m  
fai led to  mod i fy  t he  b e h a v i o u r a l  i n h i b i t i o n  ( n u m b e r  of 
squares  crossed : cont ro l s  : 3.8 4- 1.6 ; d i a z e p a m  : 3.0 4- 0.9). 

The  a t t e n u a t i o n  in pa in  s ens i t i v i t y  or t h e  e m o t i o n a l  
response  to  pa in  c a n n o t  ful ly e x p l a i n  t h e  effects of 
benzod iazep ines  in  t he  p ro toco l  A:  in  a g r e e m e n t  w i t h  
t he  resu l t s  ~ showing  t he  pe r s i s t ance  of escape responses  
in  shu t t l e -box ,  t h e  benzod iazep ines  (except  for t he  h i g h e s t  
dose of chlordiazepoxide)  did  n o t  al ter ,  in  our  e x p e r i m e n t a l  
condi t ions ,  t h e  r e a c t i v i t y  to  shocks;  ch lo rp romaz ine  
caused  a s ign i f ican t  r educ t i on  in r e a c t i v i t y  to  shocks  
w i t h o u t  mod i fy ing  t h e  r a t s '  b e h a v i o u r  d u r i n g  t h e  t e s t  
session;  benzod iazep ines  c o u n t e r a c t  t h e  r e d u c t i o n  of t he  
b e h a v i o u r a l  i n h i b i t i o n  induced  b y  1 h e x t i n c t i o n  session. 

Discussion.  This  l a t t e r  effect  could be  r e l a t ed  to  some 
resu l t s  s showing  a f t e r  ch lo rd iazepox ide  a p ro longed  
res i s tance  to e x t i n c t i o n  of a n  avo idance  response.  

R a t h e r ,  t he  concordance  of t h e  effects of benzod ia -  
zepines on  t h e  l ea rn ing  b o t h  of nox ious  even t s  (protocol  
A) a n d  of e x t i n c t i o n  (protocol  B) could be  in f a v o u r  of 
a n  amnes i c  ac t ion  of these  agen t s  as r epo r t ed  in m a n  1-3. 
However ,  f u r t h e r  e x p e r i m e n t s  would  be  needed  to  t e s t  
w h e t h e r  such  a n  effect  was  due  to  a l ea rn ing  defec t  or 
a s t a t e - d e p e n d e n t  l ea rn ing  - t h e  role of wh ich  a l t h o u g h  
m i n o r  i m p o r t a n c e  in t he  above  m e n t i o n e d  e x p e r i m e n t s  4, 5, 
m u s t  sti l l  be  we igh ted  in our  e x p e r i m e n t a l  d e s i g n -  or 
r a t h e r  to  a m e m o r y  defect .  I f  i t  rea l ly  is amnes i a  i t  would  
r e m a i n  to  e luc ida te  w h i c h  m e m o r y  processes  are a f fec ted  
b y  benzodiazepines .  The  fac t  t h a t  benzod iazep ines  ad-  
min i s t e r ed  a f t e r  t h e  shock  session d id  no t  p r e v e n t  t he  
b e h a v i o u r a l  i n h i b i t i o n  f a v o u r  t he  h y p o t h e s i s  t h a t  the  
m e m o r y  processes mos t  a l t e red  are e i the r  t h e  r eg i s t r a t i on  
phase  or those  even t s  occur r ing  i m m e d i a t e l y  a f t e r  it. 

7 L. O. RANDALL and B. KAPPELL, in The Benzodiazepines (Eds. 
S. GARATTINI, E. IV[uSSINI and L. O. RANDALL; Raven Press, New 
York 1973), p. 27. 

8 D. ZISKI~D, Z.' AMIT and M. BAuer, Psychopharmacologia 38, 231 
(1974). 


