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I n  a g roup  of 7 expe r i m en t s ,  10 mil l  a f t e r  t he  l a s t  dose- 
response  cu rve  for no rep inephr ine ,  one ha l f  of t h e  a t r i u m  
rece ived  a dose of t y r a m i n e  (10 -4) a n d  5 ra in  l a t e r  (with-  
ou t  p rev ious  washing)  b o t h  were exposed to  p h e n o x y b e n z a -  
m i n e  (10 -s, for 20 min) .  Dose- response  curves  for nore-  
p i n e p h r i n e  were r epea t ed  20, 50, 80 a n d  110 ra in  l a t e r  in  
b o t h  halves.  F igure  1 i l l u s t r a t e s  t h e  resu l t s  of a t yp i ca l  ex- 
pe r imen t .  I t  can  be  seen t h a t  t h e  i r revers ib le  increase  in 
s ens i t i v i t y  to  n o r e p i n e p h r i n e  (Figure l-A) wh ich  appea r s  
a f t e r  p h e n o x y b e n z a m i n e  t r e a t m e n t ,  is i n h i b i t e d  (Figure 
l -B)  w h e n  t he  a t r i u m  was  f i rs t  exposed  to  t y r a m i n e .  I n  
a n o t h e r  set  of 8 s imi la r  e x p e r i m e n t s  d e s m e t h y l i m i p r a m i n e  
was used in s t ead  of p h e n o x y b e n z a m i n e .  Af te r  in i t ia l  dose- 
response  curves  for  n o r e p i n e p h r i n e  were de t e rmined ,  one 
ha l f  of t he  a t r i u m  rece ived  t y r a m i n e  (10 -4) a n d  5 m i n  
l a t e r  b o t h  were exposed  to  d e s m e t h y l i m i p r a m i n e  (10 -6, 
for  20 min) .  S e n s i t i v i t y  to  n o r e p i n e p h f i n e  was aga in  t e s t ed  
20, 50, 80 a n d  110 ra in  later .  F igure  2 shows t he  resu l t s  of a 
t yp i ca l  expe r imen t .  I t  is i n t e r e s t i ng  to  observe  t h a t ,  in  
th i s  p a r t i c u l a r  case, no  di f ference in s ens i t i v i t y  to  nore-  
p i n e p h r i n e  was found  b e t w e e n  t h e  con t ro l  (Figure  2 A) a n d  
t y r a m i n e - t r e a t e d  p r e p a r a t i o n  (Figure  2B),  w h e n  t h e y  
were exposed to  d e s m e t h y l i m i p r a m i n e .  

Discussion. I t  is well  e s t ab l i shed  t h a t  p h e n o x y b e n z a -  
mine  and  d e s m e t h y l i m i p r a m i n e  p o t e n t i a t e  t he  responses  
to  no rep inephr ine .  Th i s  p o t e n t i a t i n g  effect  is be l ieved  to  
be  due  to  t h e  ab i l i t y  of bo th ,  p h e n o x y b e n z a m i n e  a n d  des- 
m e t h y l i m i p r a m i n e ,  to  i n h i b i t  t he  u p t a k e  of norep ine-  
p h r i n e  in to  t h e  ne rve  t e rmina l s .  

The  resu l t s  of t h e  p r e s en t  i nves t i ga t i on  show t h a t  t he  
p o t e n t i a t i o n  of t he  responses  to  no r ep i neph r i ne  induced  b y  
p h e n o x y b e n z a m i n e ,  can  be p r e v e n t e d  b y  t he  presence  of 
t y r a m i n e  d u r i n g  t he  pe r iod  of exposure  to  p h e n o x y b e n z a -  
mine.  These  f ind ings  p rov ides  f u r t h e r  ev idence  for a com- 
m o n  u p t a k e  s i te  for n o r e p i n e p h r i n e  a n d  t y r a m i n e  on  ad-  
renerg ic  n e r v e  t e rmina l s .  On t h e  o the r  hand ,  our  resul ts  
show t h a t  t y r a m i n e ,  w h e n  p re sen t  d u r i n g  exposure  to  des- 
m e t h y l i m i p r a m i n e ,  was n o t  capab le  of p r e v e n t i n g  t h e  po- 
t e n t i a t i o n  of no rep ineph r i ne  responses  induced  b y  th is  
b lock ing  agen t  

P r o v i d e d  t h a t  bo th ,  p h e n o x y b e n z a m i n e  a n d  d e s m e t h y -  
l imip ramine ,  share  t h e  c a p a c i t y  to  b lock  t he  u p t a k e  of 
n o r e p i n e p h r i n e  b y  adrenerg ic  neurones ,  t he  fac t  t h a t  
t y r a m i n e  was able  to  p r e v e n t  t he  u p t a k e  b lock ing  ac t ion  
of p h e n o x y b e n z a m i n e  b u t  n o t  t h a t  of d e s m e t h y l i m i p r a -  
mine ,  can  be  t a k e n  as a n  ev idence  for  a d i f fe ren t  s i te  of ac- 
t i o n  on  c a t e c h o l a m i n e  u p t a k e  sys tem.  

Resumen. E1 t r a t a m i e n t o  con f e n o x i b e n z a m i n a  o des- 
m e t i l i m i p r a m i n a  da  l uga r  a u n a  po tenc iac i6n  i r revers ib le  
de las respues tas  a no rad rena l i na ,  en  la aurfcula  a i s lada  de 
cobayo.  La  presenc ia  de t i r a m i n a  d u r a n t e  el t r a t a m i e n t o  
p rev iene  d icha  po tenc iac i6n  c u a n d o  se u t i l iza  fenox iben-  
zamina ,  m i e n t r a s  que no  la modi f i ca  en  el caso de la des- 
m e t i l i m i p r a m i n a .  
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Effect of Constant Lighting on the Morphine Susceptibil ity Rhythm 

Morph ine  su l fa te  d i sp lays  q u a n t i t a t i v e  v a r i a t i o n s  of 
suscep t ib i l i ty  a long  a 24-hour  t i m e  scale cha rac t e r i zed  b y  
p e a k  ana lges ia  (i.e. crest)  d u r i n g  t he  d a r k  a n d  a t r o u g h  in 
t he  l igh t  pe r iod  1. Reve r sa l  of t h e  l i gh t ing  r eg imen  p roduc-  
ed a n  inve r s ion  of t he  m o r p h i n e  suscep t ib i l i ty  p a t t e r n  
sugges t ing  a p r e v a l e n t  pho tope r iod ic  effect  on  m o r p h i n e  
suscep t ib i l i ty  2. I n v e s t i g a t o r s  h a v e  r epo r t ed  t h a t  pen to -  
b a r b i t o l  suscep t ib i l i ty  was  suppressed  by  p r o g r a m m i n g  
mice in c o n t i n u o u s  da rknes s  3. Similar ly ,  p inea l  epine-  
ph r ine  r h y t h m s  h a v e  been  abo l i shed  in r a t s  m a i n t a i n e d  in 
c o n t i n u o u s  da rkness  or b l inded  b y  b i l a t e ra l  o r b i t a l  
enuc lea t ion  a. Some 24-hour  r h y t h m s  h a v e  been  suppressed  
or abo l i shed  b y  c o n s t a n t  l i gh t ing  5, 6. A c o n t i n u o u s  l i gh t ing  
schedule  effect  is r epo r t ed  he re in  as f u r t h e r  ev idence  of t he  
d o m i n a n t  role of p h o t o p e r i o d i c i t y  on t he  suscep t ib i l i ty  
p a t t e r n  of m o r p h i n e  analges ia .  

A d u l t  female  a lb ino  CF-1 mice  (25.44-0.4 g body  wt.) 
were housed  a n d  tes ted  w i t h  condi t ions ,  p rocedures  and  
m o r p h i n e  dosage as p rev ious ly  r epo r t ed  1, 2 excep t  for  t he  
c o n s t a n t  l i gh t i ng  schedule  a n d  incrased  b o d y  w e i g h t  of 
a b o u t  2 g due  to  aging  over  t he  4 week  t e s t  period.  An 
in i t ia l  s t a n d a r d  l igh t  per iod  (I) h a d  l ights  on 06.05-18 05 h 
a n d  t o t a l  da rknes s  f rom 18.05-06.05 h i ;  a second exper i -  
m e n t  (II)  had  t h e  l igh t ing  reg imen  reversed  2 a n d  in t h i s  

study (III) t h e  mice were exposed  to c o n t i n u o u s  l igh t  for 
a per iod  of 14 days  p r io r  to  t he  m o r p h i n e  admin i s t r a t i on .  
A s t a n d a r d i z a t i o n  t i m e  of 14 days  is cons idered  a d e q u a t e  
to  fac i l i ta te  r e s y n c h r o n i z a t i o n  7. 

Beg inn ing  a t  12.00 h a n d  a t  3 -hour  in t e rva l s  ove r  t he  
succeeding 24-hour  per iod,  groups  of 20 mice  were pre-  
tes ted ,  weighed and  in j ec t ed  i.p. w i t h  m o r p h i n e  sulfate,  
8 mg/kg.  E x a c t l y  20 ra in  a f t e r  t he  m o r p h i n e  in jec t ion  
each  mouse  was r e t e s t ed  for t he  presence  of pa in  as 
d e t e r m i n e d  by  a modi f ied  H a f f n e r  ta i l  p i n c h  c l amp  
m e t h o d  s. All  mice fai l ing to  d i sp lay  a pos i t ive  pa in  re- 
sponse  (i.e. b i t i ng  clip) w i t h i n  30 sec were cons idered  to  
be  analgesic  s . E a c h  analgesic  response  was c o n v e r t e d  to 
pe r  cen t  analges ia  re la t ive  to t he  t o t a l  n u m b e r  of mice 
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Mean 24-h morphine analgesia patterns. O -- �9 standard light 
from 06.05 h to 18.05 h; O---O, reversed lighting for 14 
days; �9 �9 eontillOUS lighting for 14 days. 

in jected at  t h a t  t ime  period. A mean  24-hour morphine  
analgesia response was de termined  by pooling the  anal- 
gesic responses f rom each t ime  period. The s ta t is t ical  
methods  of SNEDEeOR 9 were p rogrammed  and performed 
on W a n g  700A. 

Expe r imen t  I showed that ,  under  s tandard  lighting, 
peak analgesia occurred a t  03.00 h (dark period) wi th  a 
t rough  a t  09.00 h (light period ) 1. The  same mice placed in 
a reversed l ight  schedule (II) for 14 days prior to morphine  
adminis t ra t ion  displayed a t empora l  180 degree shift  in 
t ha t  there  then  was a peak  at  12.00 h (also dark  period) 
and a t rough a t  24.00 h (light period) 2. The  present  
exper iment  (III) using the  same mice, bu t  now housed in 
cont inuous l ight  for 14 days prior to morphine  adminis t ra-  
tion, shows tha t  the  analgesic r h y t h m  has been suppressed 
(Figure). No peak  is ev iden t  and there  is a small  bu t  
insignificant  t rough.  Conversely,  the  s tandard  (I) and 
reversal  (II) exper iments  showed s ta t is t ical ly  significant  
differences be tween  the  t rough and peak  t imes  1, 

Suppression of 24-hour var ia t ions  suggest  t ha t  the  
rhy thmica l  analgesia pa t t e rn  can be manipu la ted  by 
24-hour changes in env i ronmenta l  l ight ing and t h a t  l ight  
could be a dominan t  synchronizer  of the  organism's  
circadian sys tem to morphine  susceptibil i ty.  Under  con- 
s tan t  l ight ing conditions,  some rhy thmic  funct ions have  
been shown to ,free run '  (i.e. the  period lengths devia te  from 
24-hours depending on the  species) l~ The peak  of the  
par t icular  rhy thmic  funct ion m a y  occur at  different  t imes 
every  day. I n  s tudy  I I I ,  nei ther  peak nor t rough was 
evident .  

I t  would appear  as if the  analgesic pa t t e rn  to morphine  
is dependent  on the  l ight ing regimen. In  a l te rna t ing  the  
l ight-dark cycles of 12-hours each, or a reversal  of this 
schedule, peak analgesia is always in the  dark  period and 
the t rough always in the  l ight  period. In  cont inuous l ight  
the  pa t t e rn  is lost ;  t h a t  is, there  are no s ta t is t ical ly  
significant differences be tween percent  analgesia at  
09.00 h and 21.00 hl or 15.00 h and 03.00 h, or even the  
ext remes of 12.00 h and 24.00 h. There  were no differences 
be tween the  24-hour mean  analgesia responses for I and II ,  
a l though on each exper imenta l  day  there was a significant  
difference be tween  the  l ight  and dark phase responses ~. 
An analysis of var iance  of mean  percent  analgesia da ta  
f rom exper iments  I, I I  and I I I  revealed a significant  
difference be tween the  3 exper imenta l  days (i.e. p 0.01- 
0.001). A Chi-square tes t  of the  pooled mean  percent  
analgesia da t a  f rom I and I I  versus I I I  revealed a h ighly  
significant  greater  analgesia  (p < 0.001) in exper iments  I 
and I I  t han  in exper iment  I I I .  Such a difference migh t  
be due to the  fact  t h a t  the  continous l ight  regimen had 

reduced the  24-hour mean  response for I I I  since analgesia 
responses are less in the  l ight  t h a n  the  dark  phases z, 8 

To tes t  this possibl i ty a Chi-square analysis of the  l ight  
phase da t a  for pooled exper iments  I and I I  versus experi- 
men t  n I  was performed.  A h ighly  significant  difference 
remains (p 0.004) even wi th  the  dark  phase da ta  omi t t ed  
f rom exper iments  I and II .  Consequently,  the  presence of 
l ight  phase da ta  only during I I I  would no t  appear  to be 
the  de termining factor  for the  reduced analgesic ac t iv i ty  
of morphine  in I I I .  A second possibl i ty could be the  
occurrence of a lunar  phenomenon  noted in an earlier 
work1; t ha t  is t ha t  a greater  degree of analgesia occurs 
during full  moon than  dur ing new moon. Test ing for lunar  
cycles bu t  only wi th  the  l ight  phase data,  t h a t  is full moon  
(I and II) versus new moon (In) revealed a significant 
greater  degree of analgesia dur ing full moon  than  new 
moon (p 0.017). Pooling the  earl ier  lunar  da t a  1 and this 
new da ta  and then  retest ing by  Chi-square showed a 
highly significant  difference be tween  new and full moons 
(p 0.004). I t  would therefore appear  as if there  might  well  
be a lunar  as well as circadian r h y t h m  to morphine  
susceptibil i ty.  

The studies described here indicated t h a t  phot ic  infor- 
mat ion  is one exogenous force (i.e. dominan t  synchronizer) 
control l ing the  morphine  susceptibi l i ty  pat tern.  This s tudy  
supports  the  role of the  l ight ing regimen in drug rhy thmi -  
city. Hence,  the  extr insic l ight ing factor  should be consi- 
dered as an i m p o r t a n t  var iable  in de termining  the  efficacy 
of all analgesic dose of morphine  sulfate adminis tered 
th roughout  a 24-hour or a 28-day period. 

Zusammen[assung. Durch  T a g - N a c h t - U m k e h r  wird bei 
M/tusen eine Verschiebung der Sensibilit~tt fiir die schmerz- 
sti l lende Wirkung  des Morphins erzielt, aber  dem st~n- 
digen Licht  fiir 14 Tage ausgesetzt ,  verl ieren sie die Sensi- 
bilit~t. 
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