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perfused wi th  oxygena ted  and warmed  (35~ Tyrode  
solution. Elec t r ica l  ac t iv i ty  was recovered by  means  of 
conven t iona l  glass microelectrodes.  E a c h  recording micro-  
electrode was also used for in t racel lular  s t imula t ion  (cur- 
ren t  1-2 tzA, dura t ion  3 msec, f requency  0.2-1 Hz) of the  
celD 0. Af te r  control  records, the  p repara t ion  was per-  
fused wi th  Tyrode  solut ion conta in ing  5 • 10 -7 M/1 of 
(~=)-verapamil unt i l  comple te  cessation of spontaneous  
ac t iv i ty  ensued. Abou t  5 min  af ter  arrest,  the  p repara t ion  
was perfused wi th  Tyr0de  solut ion conta in ing  verapami l  
and 10 -s m/1 of noradrenal ine  b i t a r t a ra t e  or 2 • 10 .3 M/1 
of db cAMP. 
Results and discussion. The effects of verapamiI  and db 
c A M P  are shown in the  figure. Verapami l  reduced the  
spontaneous  rate,  decreased the  slope of the  slow de- 
polar iza t ion  and diminished the  ampl i tude  of the  act ion 
po ten t ia l ;  12-40 min  f rom the  onset  of ve rapami l  ad- 
minis t ra t ion,  the  ac t ion  potent ia l s  disappears  and the  
records showed only  slow depolarizat ion.  Wi th in  this 
period, the  cells became inexci table  bo th  for depolarizing 
and for hyperpolar iz ing  pulses (figure, E, F), a l though 
in the  control  conditions,  in t racel lular  s t imula t ion  dur ing 
slow depolar izat ion and a t  t he  end of repolar izat ion was 
always effective. In  a fur ther  3-8 rain, the  ampl i tude  and 
ra te  of the  slow depolar izat ion progressively decreased 
and f inal ly a stable m e m b r a n e  potent ia l  of -45  to -50  mV 
was recorded. 
Addi t ion  of noradrenal ine  was ineffective,  whereas  db 
c A M P  caused the  spontaneous  ac t iv i ty  to re turn  wi th in  
5-20 mill. This a c t i v i t y  remained  as long as the  nucleot ide 
was present.  Wash ing  ou t  the  p repara t ion  wi th  pure  
Tyrode  solution, or Tyrode  solut ion conta in ing verapamil ,  
again caused an arrest  wi th in  25-75 min.  The  above  re- 
suits conf i rm o ther  inves t igat ions  which indicate  t h a t  in 
the  cardiac  pacemaker  slow depolar izat ion as well as the  
act ion po ten t ia l  is main ly  dependen t  on the  calc ium in- 
f lux 11-13. Disappearance  of the  act ion po ten t ia l  and the  
comple te  inexc i tab i l i ty  of the  cells arrested by  ve rapami l  
could also suppor t  the  v iew that ,  in the  nodal  act ion po- 
tent ial ,  on ly  the  slow cur ren t  componen t  is p resent  14. 
However ,  the  effect  of the  db c A M P  in t he  presence of 
ve rapami l  remains  unclear.  I t  is general ly  accepted t h a t  

ve rapami l  inhibi ts  calcium influx act ing d i rec t ly  on the  
slow channel  3, ~, 15. This  m a y  explain the  lack of act ion of 
noradrenal ine  which, as its actions, increases the  inward 
Ca_current16,17 However ,  i t  does no t  expla in  w h y  db cAMP 
reac t iva tes  spontaneous  ac t iv i ty  blocked by  ve rapami l  
which only slightly, if a t  all, affects the  c A M P  conten t  in 
the  hear t  and does no t  counte rac t  the  adrenergic  s t im- 
Ulation of adenyla te  cyclase 15, is. The last  f inding makes  
an unspecific act ion of db cAMP unlikely, because other-  
wise e leva ted  level of c A M P  due to  noradrenal ine  would 
be also effective. 
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Spectral changes  result ing from the interaction of some N-alkyl  n i trosamines  
and rat liver microsomes  1 

M. I. Diaz Gomez and J. A. Castro 

Laboratorio de Qu~mica Bio-Toxicoldgica, C I T E F A ,  Zu/riategui y Varela, Villa Martelli, Peia. de Buenos Aires 
(Argentina), 27 October 7976 

Summary. D i m e t h y l  (DMN) and d ie thy l  n i t rosamine(DEN)  do no t  give character is t ic  spectral  changes upon in terac t ion  
wi th  ra t  l iver  microsomes,  while d ipropyl  (DPN) and d ibu ty l  (DBN) n i t rosamine  cause type  I spectral  changes. The 
spectral  b inding cons tan t  is 100 m M  for D P N  and 1.17 mM for DBN.  The max ima l  spectra l  change is 3.2 X l0  s and 
1.0 • 10 6 absorbance units  per  mil l igram prote in  for D P N  and D13N respect ively.  

Many  compounds  known to be  substra tes  for the  hepat ic  
microsomal  mixed  funct ion  oxygenase  h a v e  been shown 
to in te rac t  wi th  oxidized cy tochrome  P450 (P450). 
R e m m e r  et  al. 2 using difference spect roscopy showed 2 
dis t inct  types  of spectra l  shifts which t h e y  la ter  called 
type  I and I I .  The  type  I shif t  was typif ied by  compounds  
such as aminopyr ine ,  hexobarb i t a l  and m a n y  o ther  chemi-  
cals and was character ized by  a t rough  of abou t  420 n m  
and a peak  a t  385 nm, Compounds  such as aniline, 
pyr id ine  and others  gave  t y p e  I I  shift, character ized by  a 

peak  a t  abou t  430 n m  and a t rough  a t  395 rim. Type  I 
spectra are general ly  considered to be caused by  non- 
specific in terac t ions  wi th  a l ipophilic si te o ther  than  the  
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h e m e  iron,  whi le  t y p e  I I  s p e c t r a  are  k n o w n  to  be  r e su l t  
of f e r r i h e m o c h r o m e  f o r m a t i o n  w i t h  ce r t a i n  n i t rogenous  
bases.  N i t r o s a m i n e s  are a g roup  of s u b s t a n c e s  wh ich  h a v e  
been  found  to  be  p o t e n t  ca rc inogens  in a v a r i e t y  of a n i m a l  
species, a n d  i t  is genera l ly  be l i eved  t h a t  a m e t a b o l i c  
a c t i v a t i o n  process  is r equ i r ed  for t h e i r  b iological  ac t ions  a. 
Severa l  s tud ies  p e r f o r m e d  w i t h  d i m e t h y l n i t r o s a m i n e  
(DMN) es t ab l i shed  t he  need  of l iver  mic rosomes  N A D P H  
a n d  O2 for i t s  m e t a b o l i s m  a n d  a c t i v a t i o n  to a n  a l k y l a t i n g  
species, w h i c h  is be l i eved  to  be  respons ib le  for b o t h  
tox ic  a n d  carc inogenic  effectsK These  cha rac t e r i s t i c s  of 
t h e  a c t i v a t i o n  process  and  i ts  i n h i b i t i o n  b y  CO led to  t h e  
sugges t ion  t h a t  P450 would  be i n v o l v e d  in D M N  act i -  
v a t i o n ~ K  N o t w i t h s t a n d i n g ,  t h e  b e h a v i o r  of t h e  D M N -  
d e m e t h y l a s e  e n z y m e  in i t s  r esponse  to  i nduce r s  a n d  in-  
h ib i t o r s  is n o t  t y p i c a l  of a s u b s t r a t e  of t h e  P450 m e d i a t e d  
t r a n s f o r m a t i o n s  7-~. Moreover ,  D M N  does n o t  give 
spec t r a l  changes  u p o n  i n t e r a c t i o n  w i t h  l iver  mic rosomes  
as expec t ed  f rom s u b s t r a t e s  of 1"450 m e d i a t e d  r eac t ions  1~,18. 
Th i s  b e h a v i o r  would  be  u n e x p e c t e d  if n i t r o s a m i n e s  were  
cons idered  as a m i n o  der iva t ives .  I n  t h i s  p a p e r  we ana lyzed  
t h i s  fact ,  a n d  also w h e t h e r  o t h e r  n i t r o s a m i n e s  of h i g h e r  
l ipophi l ic  n a t u r e  t h a n  D M N  ev idence  some i n t e r a c t i o n  
w i t h  h y d r o p h o b i c  regions  of 1"450 as r evea led  t h r o u g h  
t y p e  I spec t r a l  changes .  
Methods.  Gold label  d i m e t h y l n i t r o s a m i n e  (DMN) was 
p u r c h a s e d  f rom Ald r i ch  Chemica l  Co., d i e t h y l n i t r o s a m i n e  
(DEN)  f rom T. S c h u h a r d t  (Federa l  R e p u b l i c  of G e r m a n y )  
a n d  d i p r o p y l n i t r o s a m i n e  (DPN) a n d  d i b u t y l n i t r o s a m i n e  
for  E. Kodak .  Male S p r a g u e - D a w l e y  r a t s  fas ted  o v e r n i g h t  
were  used (250-280 g). L ive r  mic rosomes  were i so la ted  
as p r ev ious ly  descr ibed  lK T he  spec t r a l  changes  were  
p e r f o r m e d  in a n  A m i n o - C h a n c e  D u a l  W a v e l e n g h t - S p l i t  
b e a m  s p e c t r o p h o t o m e t e r ,  as descr ibed  b y  S e h e n k m a n  
e t  al. 14. 
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Fig. 1.6 ml of microsomal suspension diluted to 2.5 mg of protein/ml 
were divided between 2 cuvettes. DBN (0.2 mM final concentration) 
was added to the sample cuvette and the spectrum recorded using 
the Amineo-Chance spectrophotometer in the split beam mode. DPN 
behaved similarly. There is a peak at 390 mn and a trough at 423 nm. 

i,.ot 
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Fig. 2. Double reciprocal plot of the DBN-induced type I spectral 
changes. Microsomes were suspended to 2.5mg/ml in 0.025 M Tris 
0.15 M KC1 buffer pH 7.5 and distributed between 2 cuvettes. DBN 
(from 0.42 mM to 1.26 raM) was added to sample cuvette and the 
spectrum was recorded. After triplicate determinations we found 
that Ks was 1.17 j= 0.23 mM and V~ max was 1.0 ~= 0.2x10 ~ ab- 
sorbanee units]mg protein. In the case of DPN Ks was 100 -1- ~5 mM 
and V~ max 3.2 =~ 0.45 x 106 absorbance units/mg protein. 

Results .  D M N  a n d  D E N  did  n o t  give a n y  spec t ra l  c h a n g e  
u p o n  i n t e r a c t i o n  on  l iver  mic rosoma l  suspensions ,  insp i te  
of t he  f ac t  t h a t  we used h igh  p r o t e i n  c o n c e n t r a t i o n s  in  
t he  mic rosoma l  suspens ions  or (in t he  case of DMN) also 
mic rosomes  der ived  f rom p h e n o b a r b i t a l  p r e i n d u c e d  ra ts .  
I n  con t r a s t ,  D P N  a n d  D B N  gave  a t yp i ca l  t y p e  I spec t r a l  
b i n d i n g  h a v i n g  a p e a k  a t  390 n m  a n d  a t r o u g h  a t  423 n m  
(figure 1). T h e  doub le  rec iproca l  p lo t  of t he  spec t ra l  
changes  aga in s t  n i t r o s a m i n e  c o n c e n t r a t i o n s  is shown  in 
f igure  2. I n  t r ip l i ca te  d e t e r m i n a t i o n s  we found  t h a t  t he  
spec t ra l  b i n d i n g  c o n s t a n t  is 100 4- 15 m M  for D P N  a n d  
1.17 ~ 0.23 m M  for D B N .  The  m a x i m a l  spec t r a l  c h a n g e  
is 3.2 • 0.45 • 106 and  1.0 :t= 0.2 • 108 a b s o r b a n c e  u n i t s /  
m g  p r o t e i n  for D P N  a n d  D B N  respect ive ly .  
Discussion.  I n  a g r e e m e n t  w i t h  p rev ious  r epo r t s  f rom our  
a n d  o the r  l abora tor ies ,  D M N  does n o t  give a n y  t y p e  I or 
t y p e  I I  spec t ra l  change  w h e n  added  to  l iver  mic rosoma l  
suspens ions  de r ived  f rom e i the r  con t ro l  or P b - i n d u c e d  
r a t s  12, ~3 ; D E N  b e h a v e d  s imilar ly .  S u b s t r a t e  i n t e r a c t i o n  
w i t h  P450  is a s s u m e d  to  be  an  essen t ia l  p r e l i m i n a r y  s t ep  
for t he  ox ida t i on  of d rugs  b y  the  hepa t i c  P450 d e p e n d e n t  
hepa t i c  m i c r o s o m a l  m i x e d  func t i on  oxidase  2 and  xeno-  
b io t ics  i n t e r a c t i n g  w i t h  i t  a l t e r  t he  spec t ra l  p roper t i e s  of 
mic rosoma l  suspens ions  to  give t y p e  I or t y p e  I I  spec t ra l  
changes  1~. In  l igh t  of these  facts,  ou r  p rev ious  resul t s  ~ 
as well as t hose  r epo r t ed  b y  o the r s  11,1~ would  t e n d  to 
sugges t  t h a t  e i the r  P450 is n o t  i n v o l v e d  in t h e  m e t a b o l i s m  
of these  n i t ro samines ,  or t h a t  i t  is i nvo lved  in a m a n n e r  
w h i c h  is d i f fe ren t  f rom t h a t  obse rved  for m a n y  o t h e r  
s u b s t r a t e s  of t h i s  e n z y m e  sys tem.  B o t h  v iew-po in t s  are  
possible  in cons ider ing  t he  fac ts  t h a t  these  e n z y m e s  
a p p e a r  to  ac t  u p o n  l ipid soluble  fore ign ma te r i a l s  con-  
v e r t i n g  t h e m  in to  a more  po la r  f o rm  w h i c h  can  b e  
secre ted  t h r o u g h  t he  k i d n e y  15 a n d  t h a t  b o t h  D M N  a n d  
D E N  are  t h e  on ly  wa te r - so lub le  d i a l k y l n i t r o s a m i n e s K  
The  s i t u a t i o n  is d i f fe ren t  for  b o t h  D P N  and  DBN.  B o t h  
gave  a t y p e  I spec t ra l  change .  Th i s  s t r ong ly  suggests  
t h a t  P450 p a r t i c i p a t e s  in  t h e i r  me tabo l i sm.  D B N  would  
be  a b e t t e r  s u b s t r a t e  for t h e  m i x e d  f u n c t i o n  oxygenase  
s y s t e m  t h a n  D P N ,  as sugges t  b y  t he  va lues  of t h e  spec t r a l  
b i n d i n g  cons t ans  (h igher  Vs m a x  and  smal le r  K~ for D B N  
t h a n  for  D P N )  a n d  cons ider ing  t h e  f ac t  t h a t  t he  k ine t ics  
of b i n d i n g  of t y p e  I s u b s t r a t e s  to  P450 is f r e q u e n t l y  
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similar  to  the  kinet ics  of the i r  metabolism16-1s.  This 
would  also be expec ted  behav iour  if one considers  t h a t  a 
re la t ionship  has  been  d e m o n s t r a t e d  for subs t r a t e s  of 
these  enzymes  be tween  the i r  l ipid solubi l i ty  and  the i r  
abi l i ty  to  be metabo l i zed  19. The lack of abi l i ty  to  give 
t y p e  I I  spect ra l  changes  b y  N-n i t rosamines  is n o t  sur-  
pr iz ing inspi te  of the  fac t  t h a t  t h e y  are amine  der iva t ives  
and  t h a t  i t  was sugges ted  t h a t  t y p e  I I  in te rac t ions  
r ep re sen t  t he  fo rma t ion  of a f e r r ihemochrome  f rom the  
in te rac t ion  of a basic amine  and  a f e r r ihemopro te in  1% In  
effect,  r ecen t  f indings suppo r t  the  con ten t ion  t h a t  steric 
and  basic fea tures  of n i t rogen  of amines  are of p r i m a r y  
impor t ance  in t y p e  I I  b ind ing  16. The s t rong  e lect ron-  
a t t r ac t i ng  proper t ies  of the  ni t roso group, as well as i ts  
l inking to  the  n i t rogen  of the  amine  port ion,  in tens ive ly  

modi fy  the  alkaline na tu re  of the  molecule 20 to the  e x t e n t  
t h a t  it  m i g h t  reduce its abi l i ty  for in te rac t ion  wi th  t y p e  
I I  b ind ing  si tes and  also could ster ical ly h inder  t he  access 
to  the  n i t rogen  of the  fe r r ihemopro te in  as i t  was previous ly  
d e m o n s t r a t e d  for o the r  molecules 21. 
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Changes  in brain d o p a m i n e  levels  and a g g r e s s i v e  behavior  wi th  ag ing  in 2 m o u s e  s trains  

G. M. E v e r e t t  

Department o/ Pharmacology, University o/ Cali/ornia at San Francisco, San Francisco (California 94143, USA), 
26 October 7976 

Summary. The genet ic  p r o g r a m m i n g  of bra in  m o n o a m i n e  changes  wi th  aging show remarkab le  differences in 2 mouse  
s trains.  A marked  increase in dopamine  occurred in 32-week-old grouped  ICR mice and  the  males  showed in tense  
i r r i tab i l i ty  and  aggressive behavior .  Bra in  amines  changed  only  s l ight ly  in old C57BL6J mice and  behav io r  remained  
benign.  Old females  showed similar  amine  changes  b u t  aggressive behav ior  did n o t  occur in e i ther  s train.  

We  have  previous ly  r epo r t ed  1 t he  bra in  m o n o a m i n e  
levels of dopamine  (DA), no rep inephr ine  (NE) and  sero- 
t on in  (5HT) for 3 mouse  s t ra ins :  C57BL6J,  B A L B J  and  
ICR. There  are r emarkab le  b iochemical  and behaviora l  
differences among  these  s t ra ins .  Of par t i cu la r  in te res t  is 
t he  h igh  bra in  level of DA in B A L B  mice, a s t ra in  no ted  
for f ight ing  and  aggressive behav io r  a m o n g  young  adul t  
males  in con t r a s t  to t he  ben ign  behav ior  of young  adu l t  
C57BL6J and  ICR males.  The t u r n o v e r  ra te  of dopamine  
in B A L B  males  also is h igher  t h a n  in the  o the r  s t ra ins  2. 
In  the  p re sen t  s t u d y  the  changes  of bra in  monoamines  
w i th  age and c o n c o m i t a n t  behaviora l  changes  were in- 
ves t iga ted  in 2 s t ra ins  of mice .  
Methods. The bra in  amine  levels of DA, N E  and  5HT ill 
young  adul t s  (4 weeks  old) and old adul t s  (28-32 weeks 
old) of C57bL6J and I C R  male  and  female mice were 
d e t e r m i n e d  as descr ibed previous ly  3. The mice were kep t  
in groups  of 20 or more  in large cages. The s t ra ins  and  

sexes were separa ted .  General  behav ior  was observed  
b o t h  in t he  large home  cages and  fu r the r  observa t ions  
were made  in small  plast ic  cages hold ing  426 mice. Re-  
act ions to hand l ing  were also assessed. 
Results. The p e r t i n e n t  observa t ions  and brain  monoamine  
levels are summar i zed  in the  table.  In  t he  young  adu l t  
mice the  bra in  monoamine  levels of b o t h  males  and  
females  of a given s t ra in  are similar.  I t  will be no ted  t h a t  
t he  young  adul t  C57BL6J mice have  s ignif icant ly  h igher  
bra in  levels of all 3 monoamines  compared  to  t he  ICR 
strain.  The h igh  level of N E  in th is  s t ra in  is especial ly 

1 G.M. Everett, in: Frontiers of Cateeholamine Research, p. 657. 
Pergamon Press (1973). 

2 B. K. Bernard, E. R. Finelstein and G. M. Everett, Physiol. 
Behavior 15, 731 (1975). 

3 G.M. Everett and J. W. Boreherding, Science 168, 849 (1970). 

Biogenie amines and behavior in young adults and old mice 

Strain Age in No. of DA** Percent NE 
weeks determinations change* 

Percent 5HT Percent Aggressive 
change change behavior 

Males 
ICR 

C57BL6/J 

Females 
ICR 

C57BL6/J 

4 i0 0.91 4- 0.03 0.53 4- 0.01 
32 5 1.35 4- 0.05 +48 0.61 -4- 0.05 
4 11 1.36 -4- 0.02 0.65 4- 0.01 

28 5 1.45 4- 0.01 + 7 0.70 4- 0.04 

4 10 0.98 -4- 0.02 0.45 4- 0.01 
32 5 1.60 :i: 0.09 + 0.44 4- 0.01 
4 10 1.41 i 0.01 0.64 ::j: 0.01 

32 5 1.76 4- 0.14 +25 0.56 i 0.01 

0.59 -4- 0.01 0 to q- 
+15 0.76 4- 0.01 +27 +++ 

0.69 i 0.01 0 
q- 7 0.72 i 0.04 + 4 0 

0.61 :k 0.02 0 
-- 4 0.70 -4- 0.02 +15 0 

0.80 q- 0.01 0 
--13 0.75 i 0.01 -- 6 0 

* Percent increase compared to young adults. ** Mean ~zg/g brain tissue :~ SEM. 


