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30-see-periods of i l luminat ion  and the  mesopic  level 
s t imulus.  The h i s tog ram (Figure 2) indica tes  some 
cluster ing of in terspike  in tervals  a round  values  of 
0.048 sec, 0.096 sec, 0.144 sec and  0.192 sec. This indica tes  
a regular  f ir ing pa t t e rn .  

In  m a n y  cases the  e lect rode recorded ac t iv i ty  f rom a 
n u m b e r  of cells in which  the  r h y t h m i c  ac t iv i ty  appeared  
on burs t s  of spikes. The dura t ion  of the  burs t  was 
examined.  The m e a n  burs t  du ra t ion  was 0.047 4- 0.002 
sec. The si lent  per iod be tween  burs t s  was found to  be 
0.028 4- 0.006 sec. The average burs t  f requency  of 12.8 
4- 0.3 burs ts / see  was observed for the  mesopic  s t imulus  
of 30 sec durat ion.  W h e n  a s l ight ly  b r igh te r  s t imulus  was 
used (3.2 N.D.) wi th  a 30-see-duration,  these  values were 
observed  to  change.  The first  du ra t ion  was found to be 
0.032 4- 0.002 sec wi th  a si lent  per iod  of 0.031 • 0.003 
sec. The average burs t ing  f requency was found to  be 
15.6 -4- 0.5 bursts /see.  

Discussion. The r h y t h m i c  ac t iv i ty  was found to be 
ident ical  when  recorded f rom ei ther  the  opt ic  r e c t u m or 
ret ina.  Since the  ac t iv i ty  was recorded f rom unanaes-  
the t i zed  frogs, it  is unl ikely t h a t  the  ac t iv i ty  was the  
resul t  of anaes the t i c  influences. H y p o x i a  was reduced  by  
keeping the  frog mois t  and  the  p re sen ta t ion  of an en- 
r iched O 2 a tmosphere .  The ac t iv i ty  recorded in the  frog is 
s imilar  to  t h a t  observed  in the  cat. In  both,  burs t s  of 
spikes were separa ted  by  si lent per iods  of inact iv i ty .  One 

difference was observed.  In  the  cat,  the  burs t ing  fre- 
quency  was co n s t an t  and  did no t  depend  on the  s t imulus  
in tens i ty  ~. In  the  frog, the  burs t ing  f requency  was observed  
to  change wi th  a sl ight  change in s t imulus  in tens i ty .  
Ste inberg 4 s tudied  the  osci l latory poten t ia l s  in the  cat  
ret ina,  and concluded t h a t  th is  t y p e  of ganglion cell 
discharge was p robab ly  re la ted to a process of neural  l ight  
adap ta t ion .  Other  workers  3 specula te  t h a t  ef ferent  f ibers 
m a y  be involved in regula t ing  the  r h y t h m i c  fir ing of 
the  ganglion cells. E x p e r i m e n t s  are p resen t ly  under  way  
to de te rmine  if efferent  f ibres in the  frog opt ic  nerve  
m a y  be involved in t he  genen t ion  of the  r h y t h m  burs t ing  
fir ing pa t t e rn .  

Zusammen/assung. Nachweis ,  dass die Ne tzhau t -  
Ganglienzel len d r i t t e r  Klasse bei  Rc~na pipiens auf 
Beleuchtungsper iodenausgle ich  reak t iv  r h y t h m i s c h e  Po- 
tent ia l fo lgen von <~bursts, und <diring~ erzeugen. Als 
wi rksams te  Be leuch tungsper ioden  erwiesen sieh solche 
im mesopischen  Bereieh bei Mindes tdauer  yon  15 sec. 
W e d e r  skotopische  noch pho top i sche  Be l ich tungen  fiihr- 
t en  zu r h y t h m i s c h e r  Aktivit~it. 
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Changed Chronotropic Sensitivity to Sympathomimet ic  Amines  in Isolated Atria 
from Rats Fol lowing Cold Acclimation 

I t  has  been es tab l i shed  t h a t  cold accl imat ion sensit izes 
the  animals  to  the  metabol ic  effect  of noradrena l ine  (NA) 
and  of isoprenal ine (ISO), which  effect  is med ia t ed  by  the  
f l -adrenoreceptors  t, 2 Some au thors  have  also observed  an 
increase in card iovascular  sens i t iv i ty  to NA and to  
ISO ~,3-5, whereas  some have  found a decreased sensi- 
t ivi ty% Moreover,  HIMMS-HAGEN and MAZURKIEVICZ- 
KWlLECKI v did no t  f ind any  change in the  sens i t iv i ty  to 
NA in isolated t issues f rom cold-accl imated rats.  

A possible  reason for the  var iab i l i ty  ill the  cardio- 
vascular  responses  may  be the  var iable  e x t e n t  of reflex 
ad ju s tmen t .  In  addi t ion,  the  cardiac responses  to  sympa-  
t h o m i m e t i c  amines  ill v ivo are d e p e n d e n t  on the  dura t ion  
of cold exposureS. Therefore  the  p rob lem of the  changes  

in response  to  s y m p a t h o m i m e t i c  amines  was s tud ied  ill 
isolated cardiac t issues by  measur ing  the  chronot rop ic  
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The basic contraction rates, the pD2-values (qog molar EDh0 ) and the maximum responses (4- SE) to isoprenaline, noradrenaline and 
phenylephrine in isolated atria from control rats (kept at 23 ~ and from animals transferred to 5 ~ for different lengths of time 

Days at 5 ~ Basic atrial Isoprenaline Noradrenaline Phenylephrine 
rate/min 

pD, Maximum pDe Maximum pD, Maximum 
response/inin response/min response/rain 

Control 228 4- 8 8.23 4- 0.12 137 4- 14 7.10 -4- 0.08 138 4- 7 
(29) (6) (7) 

4 220 4- 10 8.22 4- 0.09 124 4- 15 7.08 4- 0.15 142 4- 6 
(21) (8) (6) 

7 196 • 6 c 8.30 4- 0.11 133 ~= 8 6.60 4- 0.13 b 136 q- 10 
(26) (6) (7) 

12 204 • 13 7.06 4- 0.11 139 i 16 
{6) (6) 

40-45 228-]= 9 8.124-0.12 167-}= 6 ~ 7.38~:0.10 1 7 2 !  7 b 
(17) (6) (6) 

5.39 • 0.08 134 4- 10 
(7) 
4.76 i 0.06 c 91 ~ 8 b 
(6) 
4.96 i 0.04 c 101~ 12~ 
(6) 

5.29 ~_ 0.06 130 -k 17 
(5) 

Significant difference from the control: �9 P < 0.05; ~' P < 0.01; c p < 0.001. Figures in parentheses indicate number of rats in the groups. 
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Log concentration-response curves for the chronotropic responses to isoprenaline, noradrenaline and phenylephrine in isolated atria from 
controlrats (0, kept at 23~ and from animals transferred to 5~ for 4, 7 and 40-45 days. Vertical bars indicate 4- SE. Numbers of 
experiments are identical with those given in the Table. 

s ens i t iv i ty  to NA in isola ted a t r i a  f rom r a t s  acc l ima ted  
to cold for  d i f fe rent  l eng ths  of t ime.  I n  add i t i on  to  NA, 
ISO and  p h e n y l e p h r i n e  ( P H E )  were used as select ive fi- 
and  e- receptor  s t imu lan t s ,  respect ive ly ,  in  an  a t t e m p t  to  
re la te  t he  possible  changes  in response  to  d i f fe ren t  
adrenorecep tors .  

Mater ia l  and method. A d u l t  male  Sp rague -Dawley  r a t s  
weighing  on  ave rage  312 g (range 192-490 g) were 
acc l ima ted  to  5 ~ for 4, 7, 12, a n d  40-45 days.  The  con t ro l  
an ima l s  were k e p t  a t  23 ~ The  an i m a l s  were decap i t a t ed .  
The  a t r i a  were d issected  f rom t he  h e a r t  a n d  suspended  
in 30 ml  of Ty rode ' s  so lu t ion  a t  37 ~ The  so lu t ion  was 
ae r a t ed  w i t h  95% 02-5% CO 2. T he  a t r i a  were he ld  hor izon-  
t a l ly  w i t h  a t ens ion  of 600 mg, and  t h e  r a t e  of s p o n t a n e o u s  
con t r ac t i ons  was recorded  b y  m e a n s  of a suc t ion  e lec t rode  
connec ted  to  a Mingograph  24B je t  recorder .  Af te r  a 
s t ab i l i za t ion  per iod  of 40-60 min,  t he  c u m u l a t i v e  con- 
cen t r a t i on - r e sponse  r e l a t ionsh ips  were d e t e r m i n e d  b y  
t he  a d d i t i o n  of agonis t  a t  120 sec in t e rva l s  in mo la r  
c o n c e n t r a t i o n  s teps  of 0.5 log un i t s  un t i l  t h e  m a x i m u m  
ch rono t rop i c  response  to t h a t  agonis t  h a d  deve loped  9,10. 
A single concen t r a t i on - r e sponse  r e l a t ionsh ip  cu rve  was 
d e t e r m i n e d  w i t h  each a t r i a l  p r epa r a t i on .  The  m o l a r  
c o n c e n t r a t i o n  of agonis t  r equ i red  to  p roduce  50% of t he  
m a x i m u m  response  (EDs0) was d e t e r m i n e d  f rom t h e  log 
concen t r a t i on - r e sponse  cu rve  ob ta ined .  The  resu l t s  are 
g iven  as pD2-values,  wh ich  m e a n s  -log mo la r  E D s 0 t  
S ta t i s t i ca l  s ignif icances  were ca lcu la ted  b y  m e a n s  of t he  
ana lys i s  of va r iance .  

Results.  The  resul t s  in  t he  Tab le  show t h a t  t he  basic  
c o n t r a c t i o n  f r equency  of r a t  a t r i a  was r educed  a f t e r  
t r an s f e r r i ng  t he  con t ro l  r a t s  to  5~ for 7 days.  Af te r  
40-45 days  of cold acc l imat ion ,  however ,  t he  a t r i a l  r a t e  
r e t u r n e d  to  t h e  in i t ia l  level. The  resu l t s  in t he  F igure  a n d  
in t he  Tab le  show t h a t  cold acc l ima t ion  d id  no t  change  t he  
sens i t i v i ty  of i so la ted  a t r i a  to  I SO. However ,  cold acc l ima-  

t i on  for a longer  per iod  (40-45 days)  resu l ted  in a signifi- 
c an t  increase  in t he  m a x i m u m  response  to  ISO.  

Cold exposure  for 7 days  sh i f ted  t he  c o n c e n t r a t i o n -  
response  curve  for N A  to t h e  r i gh t  (Figure,  Table) .  The  
r a t i o  of EDs0 of con t ro l  r a t s  to  ED~0 of r a t s  acc l ima ted  to 
cold for 7 days  was 1 : 3.1. This  m e a n s  t h a t  cold exposure  
for  a week  decreased  the  s ens i t i v i t y  of i so la ted  a t r i a  to  
N A  b y  3.1 t imes .  Af te r  t he  an ima l s  h a d  been  a t  5 ~ for 
40 days,  the  concen t r a t i on - r e sponse  curve  sh i f t ed  to t he  
left  of t h a t  of t he  con t ro l  r a t s  and  all t he  responses  
measu red  to  c o n c e n t r a t i o n s  1 0 - L 1 0  -~ M of N A  were 
s ign i f ican t ly  g rea te r  in  co ld-acc l imated  an ima l s  (2 ~ < 0 .05-  
P < 0.01). However ,  a t  40-45 days  of cold acc l imat ion ,  
owing to  a m a r k e d  increase  in t h e  m a x i m u m  response,  
t he  pD2-value  d id  no t  differ  s ign i f i can t ly  f rom t h a t  of t he  
controls .  Cold exposure  for 4 and  7 days  decreased  t he  
sens i t iv i ty  of i sola ted a t r i a  to  P H E  b y  4.5 and  2.8 t imes,  
respect ive ly ,  insp i te  of t h e  s ign i f ican t ly  decreased  
m a x i m u m  responses  (Figure,  Table) .  A t  40-45 days  of 
p ro longed  cold acc l imat ion ,  t he  concen t r a t i on - r e sponse  
cu rve  no longer  di f fered f rom t h a t  of t he  controls .  

Discussion.  TIRRI et  al. s found  recen t ly  t h a t  in v ivo  t h e  
card iac  response  a f te r  a week ' s  cold e : :posure was 
decreased more  to  N A  t h a n  to  ISO.  Since P H E  failed to 
increase  t he  h e a r t  r a t e  u n d e r  t h e  cond i t ions  used, t h e y  
sugges ted  t h a t  t h i s  lowered response  was p r o b a b l y  
m e d i a t e d  b y  t he  f l -adrenoreceptors .  Our  p r e sen t  resu l t s  
s u p p o r t  these  f ind ings  in t h a t  cold acc l ima t ion  for  a week  
decreased  t he  s ens i t i v i t y  of i so la ted  r a t  a t r i a  to  NA.  The  
response  to ISO,  however ,  d id  no t  change  a t  all, and  in 

9 j, M. VAN ROSSUM, Archs. int. Pharmacodyn. Th6r. 143, 299 
(1963). 

10 J .  A. OPPERMANN, C. ]:3. RYAN and C. O. HAAVIK, Life Sci. 70, 613 
(1971). 
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in  v i t ro  cond i t ions  now  used, t he  a t r i a  r e sponded  mar -  
ked ly  to  P H E  and  th i s  response  was s ign i f i can t ly  lowered 
a f t e r  a week ' s  cold exposure .  I t  can  t h u s  be concluded,  
s u p p o r t e d  b y  t he  f ind ings  f rom frogs a n d  toads  s ,n ,  
t h a t  th i s  lowered sens i t i v i t y  resu l t s  f rom a decreased  
s ens i t i v i t y  of card iac  c~-adrenoreceptors. F u r t h e r m o r e ,  i t  is 
r ea sonab le  to  a s sume  t h a t  t he  e n h a n c e d  s y m p a t h e t i c  
a c t i v i t y  of cold-exposed r a t s  is respons ib le  for  t h i s  
subsens i t i v i t y  of ~-receptors .  This  a s s u m p t i o n  is s u p p o r t e d  
b y  t he  f ind ings  t h a t  t h e  decreased  s y m p a t h e t i c  a c t i v i t y  
in r a t s  r e su l t ing  f rom decen t r a l i z a t i on  or f rom 6-hydroxy-  
d o p a m i n e  t r e a t m e n t  causes  s u p e r s e n s i t i v i t y  to  N A  b u t  
no t  to  I SO13,~3. On t he  o the r  hand ,  s y m p a t h e t i c  h y p e r -  
i n n e r v a t i o n  caused  b y  t he  t r e a t m e n t  w i t h  n e r v e  g r o w t h  
fac to r  resu l t s  in  s u b s e n s i t i v i t y  to  N A  w h e n  measu red  in a n  
i so la ted  mouse  i n t e s t i ne  1~. Actua l ly ,  t he  increase  in N A  
release a t  t he  b e g i n n i n g  of cold acc l ima t ion  ~5 is r e l a t ed  
t e m p o r a l l y  to  t he  subsens i t i z a t i on  of t he  c~-adreno- 
r ecep to r s  found  in th i s  s tudy .  However ,  i t  s t i l l  r e m a i n s  
obscure  w h y  t h e  s ens i t i v i t y  s u b s e q u e n t l y  r e t u r n s  a l t h o u g h  
t he  h igher  NA release st i l l  cont inues .  

The  p re sen t  resu l t s  f u r t h e r  show t h a t ,  a f t e r  p ro longed  
cold acc l imat ion ,  t he  m a x i m u m  response  increased  to 
ISO  a n d  to N A  b u t  n o t  to  P H E .  I t  has  been  found  t h a t  
co ld-acc l imated  r a t s  s h o w  a s t r i k ing  increase  in t h e i r  
me tabo l i c  response  to  N A  and  to ISO,  due to  a n  increased  
capac i t y  of t h e  /3-receptors to  r e spond  r a t h e r  t h a n  to  
increased  s ens i t i v i t y  16, ~7. I t  is t he  h igher  level  of NA in 
cold-exposed r a t s  wh ich  resul t s  in  th i s  increased  fi-re- 
sponse  1, 2. Thus  t he  increased m a x i m u m  response  to ISO 
a n d  to N A  found  in t he  p r e s e n t  s t u d y  a f te r  p ro longed  
cold acc l ima t ion  can  be  r ega rded  as a n  increased  /% 
response,  due  to  a n  increased  release of N A  f rom the  
s y m p a t h e t i c  ne rve  endings.  

The  p ro longed  cold acc l ima t ion  also caused a n o t h e r  
s ign i f ican t  change  in response  to NA. The  sens i t i v i t y  of 
a t r i a  to  N A  was m a r k e d l y  increased  a f t e r  40-45 days  of 
cold acc l imat ion .  Th i s  t y p e  of s upe r s ens i t i v i t y  was n o t  

found  to  I SO or to  P H E ,  wh ich  p r o b a b l y  m e a n s  t h a t  
ne i t he r  /~- nor  e - receptors  are invo lved .  Th i s  super-  
s ens i t i v i ty  to  N A  could be  exp la ined  b y  a r educ t i on  in N A  
uptake ,  because  t he  a f f in i ty  of N A  for t he  u p t a k e  process  
is m u c h  g rea te r  t h a n  t h a t  of e i t he r  ISO or  P H E  18. This  
exp lana t ion ,  however ,  is u n s a t i s f a c t o r y  on  t he  basis  t h a t  
a h igher  level  of NA (or I SO) in t he  organism,  as p roduced  
b y  r epea t ed  in jec t ions ,  d id  no t  affect  t he  a c t i v i t y  of t h e  
u p t a k e  process  in  t he  r a t  heart~% Thus ,  t he  mechan i sm(s )  
i nvo lved  in th i s  sens i t i za t ion  sti l l  h a v e  to be  e luc ida ted  in 
f u r t h e r  expe r imen t s .  

Zusammenlassung. L i n e  W o c h e  K ~ l t e a d a p t a t i o n  ver-  
m i n d e r t  die F r e q u e n z  der  i sol ier ten  R a t t e n h e r z - V o r -  
k a m m e r n  u n d  r eduz i e r t  ihre  c h r o n o t r o p e  E m p f i n d -  
l i chke i t  besonders  gegen P h e n y l e p h r i n ,  weniger  gegen 
Noradrena l in ,  u n d  gar  n i c h t  gegen I soprena l in .  H ingegen  
v e r s t ~ r k t e  eine 6w6chige K~Llteadaptat ion die i n a x i m a l e n  
Ef fek te  yon  I sop rena l in  u n d  Noradrena l in .  
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B e m e g r i d e  A n t a g o n i s m  to the  D e v e l o p m e n t  of P h y s i c a l  D e p e n d e n c e  on B a r b i t o n e  in R o d e n t s  1 

The  p robIem of phys ica l  dependence  on b a r b i t u r a t e s  a n d  
re l a t ed  s e d a t i v e - h y p n o t i c s  a n d  m i n o r  t r anqu i l i ze r s  is one 
of p ro found  scient if ic  and  medica l  impor t ance ,  especial ly  
in t he  p r e sen t  social  a t m o s p h e r e  where  misuse  of drugs  is 
so p r e v a l e n t  3, 3. The  p r e s en t  p a p e r  r epo r t s  a s t u d y  in t h e  
r a t  r e l a t i ng  t he  i n t e n s i t y  of phsy ica l  dependence  on  t he  
h y p n o t i c  b a r b i t o n e  to  t h e  d e p t h  of assoc ia ted  cen t r a l  
ne rvous  s y s t e m  (CNS) depression.  The  degree of CNS de- 
press ion  was modi f ied  b y  a d m i n i s t e r i n g  b a r b i t o n e  to-  
ge the r  w i t h  the  ana l ep t i c  bemergr ide*.  

Materials and methods. I n  3 rep l ica te  expe r imen t s ,  
g roups  of 20 fern.ale W i s t a r  r a t s  (140-180 g) rece ived  

b a r b i t o n e  sod ium (BARB) ,  bemegr ide  (4-methyl-4-  
e thy lg lu t a r imide ,  BEM)  or a m i x t u r e  of b o t h  drugs  
( B A R B - B E M )  b y  t he  r eg imen  shown in Tab le  I. The  
drugs  were p r e p a r e d  in a s accha r in  so lu t ion  (0.05%, 
SACC) to  m a s k  t h e i r  t a s t e  and  a d m i n i s t e r e d  in t he  
d r ink ing  w a t e r  5. A con t ro l  group of 20 r a t s  rece ived  
SACC alone (Table  I). 

Since t he  3 d rug  so lu t ions  r e t a i n e d  t h e i r  p o t e n c y  for 
a t  l eas t  24 h, t h e y  were changed  each  even ing  and  t he  
vo lume  of f luid inges ted  b y  each  group  was  de t e rmined .  
The  b e h a v i o u r  of the  r a t s  was obse rved  a t  va r ious  t imes  
t h r o u g h o u t  t he  d a y  a n d  each  group  was weighed  twice  

Table I. Oral dose regimen for rats 

Drug ~ Week of treatment 

(mg/kg/day) 1 2 2 3 4 5 

BARB 100 200 300 400 500 
BEM 75 100 125 150 150 

Given ad libitum in drinking water containing saccharin (0.05%). 
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