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Fig. 3. Effects of peroral administration of syn- 
thetic prostaglandin analogues on basal gastric 
acid seeretiom 

at  the  A 13 double bond, two steps of fl ox ida t ion  and e) 
oxidation10, n. As AY-22,469 is a racemate  wi th  4 
possible optical  isomers, the  act ivi t ies  of the isomers are 
of interest .  

The findings of oral ac t iv i ty  wi th  the  synthet ic  P G E  
analogues is also of interes t  in regard to studies on the  
oral ac t iv i ty  of P G E t  in the  human.  PGE~ increases the  
propuls ive  ac t i v i t y  of the  gu t  and i t  was suggested t h a t  
metabol i tes  of PGE~ might  be of impor tance  wi th  
respect  to the  effects observed~% PGE~ is ineffect ive in 
inh ib i t ing  gastric acid secretion induced by  pentagas t r in  
in doses exhib i t ing  effects on gastrointes t inal  mot i l i t y  ~a. 
Use of a higher  level  of P G E t  or a different  p ros tag landin  
migh t  have  resulted in a demons t ra t ion  of ant isecre tory  
act ivi ty;  the  l a t t e r  in v iew of the  findings x~ t h a t  h u m a n  
gastr ic mucosa  contains  P G E  2. In  this connect ion PGA~, 
infused in t ravenously ,  decreases gastr ic acid secretion 
induced by histamineS5. 

Rdsumd. L'ana logue  synth6t ique  de la prostaglandine,  
AY-22,093, exerce moins d ' inh ib i t ion  sur la s6cr6tion 
basale de l 'acide gas t r ique  chez le ra t  lorsque adminis t r6  
en dose unique  p lu t6 t  qu ' en  dose divis6e, par  voie sons- 
cutan6e. Far  contre, l ' analogue AY-22,469 con tenan t  un 

groupe m6thyl6 en C-15, mont re  des effets semblables.  
AY-22,469 et  son ester m6thy l ique  AY-22,443 sont  
efficaces lorsque administr6s par  voie orale, tandis  que le 
compos6 AY-22,093 ne l 'est  pas. 
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T h e  Ef fec t  of  S m a l l  D o s e s  of  M e c a m y l a m i n e  o n  S h u t t l e b o x  B e h a v i o r  i n  th e  G u i n e a - P i g  I 

Although  mecamylamine  has found wide appl ica t ion in 
recent  years  as an ant i -nicot inic  agent  in var ious  studies 
wi th  different  species, i ts inf luence on an imal  behav ior  
has not  been ex tens ive ly  studied,  especial ly in the  lower 
dose ranges. P re l imina ry  exper iments  wi th  rats  a t  this  
l abora to ry  have  indica ted  t h a t  m e c a m y l a m i n e  in small  
doses (up to 0.3 mg/kg) faci l i ta tes  both  swimming  
endurance  and shu t t l ebox  per formance  in t h a t  species3. 
On  the  o ther  hand,  an i m p a i r m e n t  of ac t ive  avoidance  
learning in mice  has been demons t ra t ed  wi th  h igher  doses 
of this substance.  Whereas  OLIVERIO B obta ined  this  effect 
wi th  doses ranging be tween  1.2 and 5.0 mg/kg,  however ,  
GOLDBERG et al.4 repor ted  t h a t  doses of mecamylamine  
in excess of 6.25 mg /kg  were necessary to impa i r  ac t ive  
avoidance  learning.  These and o ther  differences in results  
be tween and wi th in  species and var ious  tests, in addi t ion  
to the  increasing ~:mportance of m e c a m y l a m i n e  in 
nicot ine and tobacco smoke studies, p r o m p t e d  this  
ini t ial  inves t iga t ion  into  the  effects of m e c a m y l a m i n e  on 
guinea-pig behavior .  Since the  earl iest  repor ts  concerned 
wi th  the  pharmacologica l  proper t ies  of m e c a m y l a m i n e  5, 

there  has been no ment ion  in the  l i te ra ture  of its use in 
any behaviora l  tes t ing s i tuat ions wi th  guinea-pigs. 

The  guinea-pig has, however ,  found increasing use in 
shu t t l ebox-avoidance  exper iments  in recent  years,  hav ing  
been so tes ted in re la t ion to the  effects of var ious  bra in  
lesions 6, ~, and of different  drugs, such as amphe t amine  s, 
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benzod iazep ines  9 a n d  t h y m o l e p t i c s  x~ A p r inc ipa l  a d v a n -  
t age  in us ing  t h i s  species, a p a r t  f r om v e r y  u n i q u e  t r a i n i n g  
charac te r i s t ics ,  is t h e  f ac t  t h a t  p r ev ious ly  t r a i n e d  gu inea  
pigs d i sp lay  a r ap id  a n d  p r o n o u n c e d  avo idance  d e c r e m e n t  
du r ing  t he  course of each  session. Th i s  cha rac t e r i s t i c  ha s  
been  u t i l ized  on ly  b y  SANSONE a n d  BOVET 8 in demon-  
s t r a t i n g  t h e  s t i m u l a n t  effect  of a m p h e t a m i n e  du r ing  
sessions of 100 or 300 t r ia ls ,  m e a s u r i n g  t h e  p e r c e n t  of 
avo idance  response  only.  I n  t h i s  p r e s e n t  e x p e r i m e n t  we 
h a v e  also m e a s u r e d  response  la tenc ies  a n d  i n t e r t r i a l  
responses.  I t  was  r ea soned  t h a t  t h e  a d d i t i o n  of one or 
b o t h  of these  p a r a m e t e r s  m i g h t  p r o v e  to  be  more  sens i t ive  
t h a n  t h e  m e a s u r e m e n t  of p e r c e n t  of a v o i d a n c e  responses  
alone, t h e r e b y  m a k i n g  t h e  de t ec t i on  of d rug  effects  on  
t h i s  t e s t  possible  ove r  a sho r t e r  t i m e  span,  in  add i t i on  to 
be ing  o therwise  more  i n fo rma t ive .  

Materials and method. T he  s h u t t l e b o x  was d iv ided  in to  
two 27 •  •  c m  c o m p a r t m e n t s  connec t ed  b y  a n  
open ing  of 9.5 • 9.5 cm. The  CS was a 5W l a m p  loca ted  on  
t he  cei l ing o f  each  c o m p a r t m e n t  a b o u t  5 cm f rom t h e  
d iv id ing  wall,  a n d  t h e  U S  was  a s c r amb led  shock  of 
1.0 m a  del ivered t h r o u g h  s ta in less  s teel  rods  spaced  
1,6 cm apar t ,  wh ich  compr i sed  t h e  floor. One  side of t h e  

Table I. Shuttlebox behavior-interactions among the 4 experimental 
weeks, the different doses of mecamylamine employed, and the 3 
parameters of measurement 

Week Mecamylamine Avoidance Intertrial Average 
dose (mg/kg) responses responses response 

(%) (average/10 latency] 
trials) trial (sec) 

- 84 2.7 7.5 
0.2 74 1.5 9.1 
0.4 77 1.2 9.1 
- *  91 2.6 7.0 
0.6 84 2.2 8.7 
1.2 ~ 79 0.8 9.4 
_l, 98 3.0 5.6 
0.8 c 93 1.7 6.2 
2.4 b, o 76 0.4 10.0 

- 97 2.4 5.5 
0.4 95 2.4 5.7 

- = control injection (NaC1 solution), a vs a, b vs b, and c vs c = 
p < 0.01 significance. 

Table II. Comparison of 2 parameters of measurement in relation to 
the intra-session performance decrement 

Week TriMs Avoidance Average response 
responses (%) latency/trial (sec) 

1 1-10 83 7.4 a 
11-20 74 9.8 ~ 

2 1-10 85 7.6 
11-20 84 8.6 
21-30 84 9.0 

3 1-10 90 6.3 b 
11-20 91 7.5 
21-30 87 8.0 b 

4 1-10 98 4.6 o 
11-20 97 5.4 
21-30 94 6.6 c 

vs a, ~ vs b, and c vs c = p < 0.05 significance. 

s h u t t l e b o x  cons is ted  of a t r a n s p a r e n t  p las t i c  wal l  w h i c h  
could  be  ra i sed  or lowered to  a d m i t  or r e m o v e  t h e  an imal .  
T h e  s h u t t l e b o x  was  p laced  in  a large  wooden  box  con- 
t a i n i n g  a loud  speake r  t h r o u g h  w h i c h  a s t e a d y  back -  
g r o u n d  noise,  a t  a level  j u s t  d i scern ib le  ou ts ide  t he  box  
w h e n  i t  was  closed, was  emi t t ed .  The  side of t h e  b o x  
n e x t  to  t h e  t r a n s p a r e n t  wal l  of t he  s h u t t l e b o x  c o n t a i n e d  
a glass w i n d o w  m e a s u r i n g  24 •  cm, a l lowing obser-  
v a t i o n  of t h e  a n i m a l  a t  al l  t imes .  All  sessions were 
c o n d u c t e d  d u r i n g  t h e  m o r n i n g  in  a comple t e ly  d a r k e n e d  
room,  in to  w h i c h  t h e  a n i m a l s  were  b r o u g h t  a n d  p laced  
in  t h e  s h u t t l e b o x  a b o u t  5 ra in  before  tes t ing .  The  on ly  
i l l u m i n a t i o n  was p r o v i d e d  b y  a s h a d e d  60W r e d  l a m p  
d i rec ted  so as to  p e r m i t  wr i t i ng  a n d  o b s e r v a t i o n  of t h e  
gu inea  p ig  w i t h o u t  t h e  obse rve r  b e i n g  seen b y  t h e  
subjec t .  The  swi tch  a c t i v a t i n g  e i t he r  side of t he  s h u t t l e b o x  
was hand -con t ro l l ed ,  a n d  was connec t ed  to  a d ig i ta l  
s t o p w a t c h  wh ich  a u t o m a t i c a l l y  reg i s te red  t h e  response  
t imes ,  t h e  i n t e r t r i a l  i n t e rva l s  be ing  d e t e r m i n e d  w i t h  a 
s epa ra t e  s t opwa tch .  The  n u m b e r  of a v o i d a n c e  fai lures,  
i n t e r t r i a l  responses  (unpunished)  a n d  t h e  response  
la tenc ies  for  al l  t r i a l s  were recorded  t h r o u g h o u t  all 
t r a i n i n g  a n d  e x p e r i m e n t a l  sessions. 

Six  ma le  a lb ino  guinea-pigs ,  we igh ing  b e t w e e n  225 
a n d  245 g on  t h e  f i r s t  d a y  of t r a in ing ,  were  used. The  
a n i m a l s  were t r a i n e d  on  a schedule  closely a p p r o x i m a t i n g  
t h a t  of SA~SO~E a n d  BOVET ~1, b e i n g  sub jec t ed  to  5 
consecu t ive  da i ly  sessions of 10 t r ia l s  each,  w i t h  i n t e r t r i a l  
i n t e rva l s  of 75 sec. The  CS-US i n t e r v a l  was  12 sec for al l  
t r ia ls ,  t h e  CS (and US) be ing  d i s con t i nued  u p o n  comple-  
t i on  of t he  response  in to  t h e  a d j a c e n t  c o m p a r t m e n t .  
Fo l lowing  t h e  comple t i on  of these  5 sessions, t r a i n i n g  
was c o n t i n u e d  for 2 more  sessions u n d e r  t h e  foIlowing 
cond i t ions :  20 t r ia l s  pe r  session, 45 sec i n t e r t r i a l  i n t e r v a l  
a n d  15 sec CS-US  in te rva l .  

Af te r  t he  conclus ion  of t r a in ing ,  t h e  e x p e r i m e n t  
p r o p e r  was  c o n d u c t e d  eve ry  Monday ,  W e d n e s d a y  a n d  
F r i d a y  over  a pe r iod  of 4 weeks. The  CS-US i n t e r v a l  was  
15 sec t h r o u g h o u t ,  w i t h  a n  i n t e r t r i a l  i n t e r v a l  of 30 sec. 
T h e  f i r s t  week  cons is ted  of sessions of 20 t r i a l s  each  a n d  
weeks 2, 3 a n d  4 of sessions of 30 t r ia l s  each.  All in jec t ions  
were g iven  s.c. 30 m i n  before  t e s t i n g  in  t h e  shu t t l ebox ,  
a n d  t h e  doses of m e c a m y I a m i n e  HC11~ for all  weeks (a~J 
shown  in T a b l e  I), were expressed  in  t e r m s  of t h e  base.  
All  a n i m a l s  rece ived  al l  dosages a n d  t h e  con t ro l  cond i t ion  
(physiological  NaCI solut ion)  in  a l a t i n - squa re  sequence.  
The  f lex ib le  dosage schedule  used was  p r i m a r i l y  des igned  
to  g r adua l l y  increase  t h e  t r e a t m e n t  u n t i l  a c lear -cu t  
effect  in  e i t he r  d i r ec t ion  was ob ta ined ,  fol lowing w h i c h  a 
lower  dose was repea ted .  A s t a t i s t i ca l  ana lys i s  was  
c o n d u c t e d  on  t h e  resu l t s  for  each  s epa ra t e  week, r e l a t ive  
to  t h e  t r e a t m e n t s  a n d  sessions,  t he  l a t t e r  of w h i c h  were 
d iv ided  i n to  10-tr ia l  b locks  for each  an imal ,  w i t h  eva lu-  
a t i o n  ( D u n c a n  mul t ip le - t - tes t )  of t h e  p a r t i a l  averages  
b e i n g  s u b s e q u e n t l y  pe r fo rmed .  

Results. T h e  resu l t s  of t h e  f i r s t  5 t r a i n i n g  sessions were  
v i r t u a l l y  iden t i ca l  to  those  p rev ious ly  n o t e d  u n d e r  
c o m p a r a b l e  cond i t ions  x~, in  t h a t  no  p e r f o r m a n c e  incre-  
m e n t s  occur red  w i t h i n  sessions, w i t h  c o m p a r a b l e  improve -  
m e n t s  occur r ing  (in r ega rd  to  ~o of a v o i d a n c e  responses)  
b e t w e e n  sessions. D u r i n g  t h e  6 th  a n d  7 th  (20 tr ial)  
t r a i n i n g  sessions, al l  guinea-pigs  avo ided  t he  shock  a t  a 
r a t e  of over  90%,  showing  ave rage  re sponse  la tenc ies  of 
5.9 a n d  6.0 sec for  t h e  2 sessions,  respec t ive ly .  

9 M. SANSONE and A. MARINO, Pharmac. Res. Commun. /, 122 
(1969).  

10 M. SANSONE, D. BOVET and A. !V[ARINO, Pharmac .  Res. C o m m u n . / ,  
311 (1969). 

11 M. SA~SONE and D. BorE% J. exp. Psych. 22, 458 (1970). 
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Comparing all dosage levels over the 4 weeks of the 
experiment in regard to the 3 measurement parameters, 
Table I demonstrates that :  1. mecamylamine treatment  
exerted a depressant effect on the shuttlebox behavior of 
trained guinea-pigs, which reached significance at about 
1.0 mg/kg, 2. considering each week separately, dose- 
dependant increases in response latencies were accom- 
panied by corresponding drops in percent of avoidance 
response and in the number  of intertrial responses, and 
3. comparison of weeks 1 and 4, in which the same dose of 
mecamylamine was repeated, raised the question as to 
whether tolerance to the effect of mecamylamine might 
not possibly occur over a period of time and/or of 
continuous training. 

Table I I  shows changes of shuttlebox performance 
when considered from the standpoint of blocks of 10 trials, 
with all t reatment  conditions included together. A rapid 
and pronounced performance decrement during each 
session can be seen with the response latencies parameter, 
but  not with that  cf percent of avoidance response. 

Discussion. The decrement in shuttlebox behavior, 
which was significant even during the 20- and 30-trial 
sessions utilized in this study, is characteristic only of the 
guinea-pig. Although a previous study measured only 
percent of avoidance responsesL we have found in this 
study that  the measurement of response latencies was  
more sensitive to the shorter sessions employed here in 
regard to monitoring this performance decrement. This 
test, refined and standardized, has been further applied 
to the st imulant  effects of nicotine, where it was possible 
to quanti tat ively differentiate between doses of 0.075, 
0.15 and 0.3 mg/kg of that  substance ~, thus making 
this method with guinea-pigs comparable to the previ- 
ously devised 'extinction procedure' method with rats, 
which also made use of the measurement of response 
latencies with that  species 14 

The finding in this present study that  mecamylamine, 
at doses of about 1.0 mg/kg and above, exerted a signifi- 
cantly depressant effect on the shuttlebox behavior of 
trained guinea-pigs agrees somewhat with the results of a 
study which showed that  the learning of active avoidance 
in DBA inbred mice was inhibited by similar doses 3. 
However, that  study also found that  mecamylamine at 
5.0 mg/kg did not influence avoidance behavior in previ- 
ously trained mice (measuring only % of avoidance 
responses). Furthermore, another experiment, using 
different methods and MF1 mice, found that  6.25 mg/kg 

or more of mecamylamine was necessary before active 
avoidance acquisition was impaired 4. 

Experiments with smaller doses of mecamylamine have 
also yielded interesting results, with such variable 
findings as the impairment  of shuttlebox behavior in 
guinea-pigs (this study), the facilitation of active avoid- 
ance and swimming endurance in rats e, and the occasional 
similarity to or actual enhancement of the effects of 
nicotine in certain other tests with rats by mecamyl- 
amine 2,15, ~6, in addition to many other studies concerned 
with the anti-nicotinic effects of mecamylamine. The 
importance of conducting more experiments with small 
doses of mecamylamine can be clearly seen, especially in 
connection with its expanding use as a nicotine antagonist 
in many nicotine and tobacco smoke studies. The exact 
nature oI the nicotine-mecamylamine interaction, as well 
as the comparative importance of mecamylamine itself in 
this interaction~L are both questions which should be 
answered. 

Zusammen/assung. Bet trainierten Meerschweinchen 
wurde der Prozentsatz yon Vermeidungsreaktionen, 
deren Latenzzeiten, und die Spontanreaktionen zwischen 
den Reizen in ether , two-way shuttlebox~ unter dcm 
Einfluss yon Mecamylamin gemessen. Unter Verwendung 
eines flexiblen Dosierungsplanes wurde fiir 1 mg/kg 
Mecamylamin eine signifikante Depression d e s ,  Shuttle- 
box,~-Verhaltens beobachtet. Ftir die Verminderung der 
Vermeidungsteistung innerhalb ether Sitzung, die fiir 
diese Spezies charakteristisch ist, war die gemessene 
1Reaktionslatenz der empfindlichste Indikator. 
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Oral Anti-Ulcer Activity of a Synthetic Prostaglandin Analogue (9-Oxoprostanoic Acid: AY-22,469) 

As has been observed with tile natural  prostaglandins, 
various synthetic prostaglandin analogues have been 
shown to be regulators of gastric acid secretion. In  the rat, 
synthetic PGE analogues (i.e. 11-deoxyprostagtandins 
and their analogues) inhibit  gastric acid secretion when 
given subcutaneously; PGF analogues exhibit weak ac- 
tivity1, 3. A synthetic PGE analogue (AY-22, 093, Figure), 

O 
7 5 3 7COOH 

R ~" "OH 

R 

AY- 22,093 H 
AY- 22,469 CH 3 

which is a relatively potent inhibitor of basal gastric acid 
secretion, prevents the increase in gastric acid secretion 
caused by pentagastrin 2. Another PGE analogue (AY-22, 
469, Figure) exhibits a more prolonged inhibition of basal 
gastric acid secretion than AY-22, 0934. In  contrast to AY- 
22, 093, AY-22, 469 is also an effective inhibitor when giv- 
en perorally*. A natural  PGE, in addition to inhibiting 
gastric acid secretion, also prevents ulcer formation when 
given parenterally 5. As AY-22, 469 inhibits gastric acid 
secretion when given perorally, the effects of the synthetic 

1 W. LIPPMANN, J. Pharm. Pharmac. 21, 335 (1969). 
W. LIPPMANN, J. Pharm. Pharmac. 22, 65 (1970). 
W. LIPP~h~N, Ann. N.Y. Acad. Sci. 780, 332 (1971). 
W. LIPPMANN, attached manuscript. 

5 A. ROBERT, J. E. NEZAMIS and J. P. ]PHILLIPS, Gastroenterology 55, 
481 (1968). 


